PAGE  

INTRODUCTION

Alaska’s Kasitsna Bay is an excellent area for marine biology research.  The drastic changes in the tides, up to 25 feet difference, combined with its two sources of water, saltwater from the ocean and freshwater from the melting glaciers, intrigue scientists and are the foundation for the Kasitsna Bay Laboratory.  This research facility has both dry and wet laboratories, a scuba facility and other human controlled research equipment.  The Kasitsna Bay Laboratory lacks an autonomous research vessel for taking data from areas that are dangerous for humans or for running extended underwater observations.  This project aims to design and construct an autonomous surface vehicle (ASV) for use in Kasitsna Bay.  
The vehicle utilizes a Small Water-plane Area Twin Hulled (SWATH) design.  This is a relatively new design being developed for seagoing vessels including research vessels.  It utilizes a small water-plane, as seen in Figure 1, to minimize the effects of surface waves on the boat.
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Figure 1 The WASP

In order to maintain the proper draft and stay level in rough seas it is necessary to develop an active ballast and trim system.  This will allow the boat to compensate to any changes in mid-mission without returning to the dock for manual ballast or trim adjustments

.
MOTIVATION
Similar to a catamaran or standard pontoon boat, a SWATH vessel has two pontoons set wide to increase stability, but unlike the standard pontoon boat, the SWATH’s pontoons are completely submerged, and are connected to the main deck by vertical struts.  This design relies on the two submerged hulls to displace all the water required to create enough buoyancy to support the vessel.  While the vertical struts can also displace some water the relative percentage for The WASP is relatively low (about 6% or 50 lbs when completely submerged).
The reason an active ballast system is needed is primarily to compensate for the deployment and retrieval of the instrument package.  In air, the package weighs about 44 pounds, however in water it only weighs about 36 pounds.  This alone is enough to change the draft by 2.8 inches.  The instrument cable weighs about 45 pounds in on the deck, but when fully deployed it only weights about 13 pounds in the water.  The total difference when deployed is 40 pounds, enough to change the draft almost the full length of the struts.  
If the boat were riding with the main deck only one inch above the surface, assume a very calm day, when fully deployed, the pontoons would be less than an inch below the surface (see Figures 2 and 3).
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Figure 2 Ride Height 
(no active ballast)
Figure 3 Ride Height (no active ballast)
(Instruments not deployed) 



(Instruments deployed)

While this will not cause the boat to sink, it does defeat the purpose of the SWATH design, which is intended to reduce boat motion by decoupling the vessel from the wave motion.  If the hulls ride this close to the surface it will be highly effected by the waves especially so when the instruments are deployed.
By controlling the flow of water in and out of compartments within the submerged hulls, weight can be added in small increments to adjust the ride height or draft of the vessel.  This will allow for continuous adjustment, as the instrument package is deployed and retrieved.
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Figure 4 Ride Height (with active ballast) 
Figure 5 Ride Height (with active ballast)

(Instruments not deployed)


(Instruments deployed)
The trim is an important part of the system.  Many times a strong wind or pounding waves can cause a boat to tilt.  By placing the ballast compartment in the extreme corners of the vessel (i.e. the front and back of each of the hulls) and running each independently, ballast can be added to one side or even one corner of the boat to compensate for any forces that may cause it to list
SYSTEM OVERVIEW
The compartments are located in the aft and stern of each hull, creating the most effective trim compensation.  They will be water tight except for three holes; one to let water in, one to pump water out, and a valve to let air in or out.  There are two main subsystems of the active ballast and trim system; letting water in and pumping water out.  
In order to let the water in an electronically controlled solenoid valve is used.  By opening the valve, the outside pressure will force water into the chamber displacing the air, which will exit through the air valve.  This will decrease the hull’s displacement, lowering the buoyant force, and increasing the draft.  Each of the valves will be operated independently to adjust trim.
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Figure 6 Active Ballast Container Block Diagram
In order to pump water out, a small bilge pump is utilized.  By pushing the water out through a check valve the water can not flow back in through the pump.  Air will enter back into the chamber through the air valve.

PATENT CLASSIFICATION

Class 114 
Ships
Sub-class 125 Water tanks – Devices in which ballasting is secured by water tanks adapted to be filled or emptied, thereby distributing weight, which steadies and trims the vessel in sailing, etc.

PRIOR ART

Much of the prior art is focused on mono-hull and standard type boats.  
The First prior art is the SWAP (Small Water-plane Area Platform) type floating platforms US patent 4,864,958 by Belinsky  on September 12, 1989.  The object of the invention is to improve stability of floating platforms (ships) during the high seas and to enable them to automatically keep the platform (ship) from listing.  Application of this invention were seen for floating drilling platforms, passenger ships, crane ships, floating terminals, SWATH-type ships, etc.  Belinsky’s invention relied on a cylinder and piston device to change the actual volume of water displaced.
On April 13, 1976, in United States Patent 3,949,693 Bauer designed a Partially submerged floating platform utilizing a polygonal, submerged body.  Constructed from concentric pipe sections, the space between each two concentric pipes is could be used for storage as well as ballast tanks. Columns also constructed as upright concentric pipes extend from the submerged float to carry the main platform e.g. a drilling derrick. 

Both US Patent 4,174,671 (November 20, 1979, Seidl) and US Patent 6,260,502 (July 17, 2001, Kratz) describe designs for Semi-submersible Vessels.  The former describes a marine vessel, which comprises a platform member with two parallel hulls submerged below the water when the ship is in operation.  Each of the hulls consists of an after section, a forward section having a smaller cross-sectional area than the after section and a central section having a cross-sectional area substantially smaller than that of the forward section.  Both forward sections and both after sections are joined to the platform member by strut-like members which are tapered so that their water-plane areas increase rapidly between the waterline and their junctions with the platform member. 

The latter of the two goes into more detail, including improved elliptically shaped columns, haunch supports and reinforcing members provide stability and resist transverse forces.  A skirt design increases stability at the transition point.  Improved deck designs reduce environmental impacts and provide additional support against transverse forces. 

CONCLUSION

Due to the extremely large quantity of prior art in the topic area (over 1400 pieces) it is difficult to say if this particular design is patentable.  While there are similar types of ballast systems for other ships, most of the ballast systems for SWATH type ships had deformable displacement tanks.  It is almost certain that this has never been done for a boat of this scale, as it is by far the smallest ever built.  It would seam that the idea is too similar to devices used on mono-hull and other ships to be patentable. 
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Appendix B-1 USP 3949693
      United States Patent 3,949,693 

      Bauer ,   et al. April 13, 1976 

Partially submerged floating platform 

Abstract

A floating platform has a polygonal, submerged floating body constructed from concentric pipe sections whereby the space between each two concentric pipes is compartmentized and serves as storage facility as well as ballast tanks. Columns also constructed as upright concentric pipes extend from the submerged float and carry platform defining and establishing frame which carries e.g. a drilling derrick. The interior spaces of all inner pipes serve as transport path, a closed one being provided in the main float and elevator(s) as well as pump-up paths for liquid loads are provided in the columns. 

      Inventors: Bauer; Peter (Bremen, DT); Klimek; Rudolf (Ganderkesse, DT) 

      Assignee: ERNO Raumfahrttechnik GmbH (Bremen, DT) 

      Appl. No.: 517884

      Filed: October 25, 1974

Foreign Application Priority Data

      May 02, 1974[DT]2421150

      Current U.S. Class:114/265; 114/124; 405/207 

      Intern'l Class: B63B 035/44

      Field of Search: 61/46,46.5 114/.5 D,124 

Primary Examiner: Shapiro; Jacob 

Attorney, Agent or Firm: Siegemund; Ralf H. 

Claims

We claim: 

1. Partially submerged floating platform having a plurality of vertical columns constructed from concentric pipes with compartmentization of the space between respective inner and outer pipes; a frame interconnecting the columns above the sea level and providing for and establishing a working area of the platform, the improvement comprising: a submerged main floating body of near rotational symmetry and having predominantly horizontal extension, the body being constructed from sections of concentric pipes which extend around a vertical axis in near-annular fashion, the space between respective inner and outer pipe sections being compartmentized, the columns being connected and extending upright from the main body but projecting above sea level; the inner pipe of the body being hollow and constructed as passage way for moving of loads; individual ballast bodies movably disposed in the inner pipe and moving along the passage way to change the effective ballast in relation to the center axis of the platform; the inner pipe of at least one column constructed for transporting loads from the submerged body to the frame. 

2. A platform as in claim 1, wherein the main body is constructed as polygon and from straight, concentric pipe sections, joint at obtuse angles. 

3. A platform as in claim 1, there being a rail system on a floor in the inner pipes of the body, the ballast load bodies being movable on the rail system. 

4. A platform as in claim 3, the ballast loads provided for being driven on the rails. 

5. A platform as in claim 1, and including retractible propelling and driving means extending from the body when not retracted and near the zones from which the columns extend upwardly. 

Description

BACKGROUND OF THE INVENTION 

The present invention relates to a floating platform having a body for displacing water when submerged at a depth which is not or little disturbed by surface waves. More particularly the invention relates to such a platform wherein float columns extend from a submerged body float and are interconnected by a rigid, horizontally extending frame. 

Floating platforms with two, parallelly oriented submerged floats are known and these floats carry columns functioning as additional water displacing floats carrying the platform above the sea level. Sometimes the platforms can be vertically displaced on these columns. These platforms with submerged floating body are easily maneuverable and can readily be transported to their destination point, but the two parallelly disposed displacement elements or bodies react to a significant extent to underwater currents and are difficult to maintain in position. This is particularly so if these platforms are used for offshore drilling. The basic reason for this lack in positional stability must be seen in that the submerged bodies exhibit different characteristics as to stability in longitudinal and transverse directions. 

Other types of floating platforms are known wherein the submerged floating body is of annular configuration, and the central, open space has an auxiliary platform for resisting vertical movements of the body. This submerged control platform may have openings with means for closing, so that controlled water flow can traverse the platform in either direction. The principle platform above sea level is strutted or otherwise secured to the submerged floating body. 

This latter construction has the advantage of isotropic stability and resists vertical displacement to a very significant degree. This annular construction has, however, the disadvantage that the entire pay load including fuel and other provisions to be consumed have to be stored on the main platform so that the center of gravity of this arrangement is rather high and that in turn is disadvantageous as to floating stability. 

DESCRIPTION OF THE INVENTION 

It is an object of the present invention to provide for a floating platform with submerged support and floating structure and being stabilized with regard to tilting as well as vertical displacement. 

In accordance with the preferred embodiment of the present invention it is suggested to provide a main submerged float of quasi-symmetrical configuration, whereby, in particular, concentric pairs of pipe sections are arranged in a polygon, and the spaces between concentric pipe sections are compartmentized and serve generally for floatation control; however, some of the compartments are used for storage of consumables and the other compartments serve as ballast and/or trimming tanks and are flooded or blown to maintain balanced conditions on the platform. A plurality of floatation columns extend upward from that body and project above sea level to support the platform structure constructed as a rigid frame which interconnects these columns. The columns are likewise constructed from concentric pipes with compartmentization of the space between the pipes of each concentric pair, and some of these compartments are filled with usefull load, while others are used also as ballast and/or trimming tanks for buoyancy and stabilizing control. 

All of the compartments are, therefor, used as ballast for control of floatation, depths of submerging, tilting if any etc, whereby however, pay load is used as ballast in some compartments and the other compartments may be filled with or emptied from sea water as the conditions require. The usefull load ballast will generally include fuel and other liquids or powdery solids which can be pumped up. The inner tubes provide additional storage space so that only difficult to store objects (drilling rods etc) will be stored in places other than the interior of main float and float columns. 

The inner pipes of the main float are preferably interconnected to provide for a continuous passage way in which loads are transported and wherein dummy loads can be rapidly displaced as ballast for stability control of the entire structure. These ballast loads may run on a track system and may be self-propelled and computer controlled in accordance with any compensating function for purposes of counter acting any tendency for tilting. This way blowing and flooding of tanks for the same purpose can be minimized. The inner pipes of the columns will contain vertical transport means for moving loads up and down. These transport means may include pipes as well as elevators. 

The platform in accordance with the invention has the advantage that the principle load (other than surface equipment) is maintained in the principal portions (e.g. 90%) so that the center of gravity is quite low. This is of advantage for avoiding significant vertical displacements. Also, a low center of gravity together with quasi-rotational symmetry of the main float avoids tilting of the platform as much as possible. Since the above-sea level frame interconnecting the columns will carry only that part of the equipment which for some reason or another cannot be stored or placed in either the columns or the submerged main body, the frame will be of relatively light construction, which in turn is again beneficial for a low placement of the center of gravity. 

The quasi-rotational symmetry facilitates positioning of the platform because it has no preferred orientation vis a vis any underwater currents. As far as the several compartments is concerned, one will use those on the outside for ballast control, flooding them with sea water or blowing them as needed. The more inwardly arranged compartments will be used as storage space for fuel etc. Some of the outer ones may also serve as storage facility for liquids or solids which, in the case of leakage will not provide for contamination. Storing the contaminants more on the inside permits more ready containment in the case of leakage. 

DESCRIPTION OF THE DRAWINGS 

While the specification concludes with claims particularly pointing out and distinctly claiming the subject matter which is regarded as the invention, it is believed that the invention, the objects and features of the invention and further objects, features and advantages thereof will be better understood from the following description taken in connection with the accompanying drawings in which: 

FIG. 1 is a side elevation of a floating platform constructed in accordance with the preferred embodiment of the invention; 

FIG. 2 is a section view through one of the floating carrier columns taken along lines II--II in FIG. 1; 

FIG. 3 is a top elevation of the platform shown in FIG. 1; and FIG. 4 and FIG. 5 are section views respectively along lines IV--IV and V--V in FIG. 3. 

Proceeding now to the detailed description of the drawings, the Figures show a main submerged body 2 constructed in quasi-rotationally symmetrical configuration, as a multicorner -- multisection polygon approximating an annulus with circular transverse cross-section as can be seen from FIGS. 4 and 5. This body 2 constitutes the principle or main float and is completely submerged. 

Float 2 carries four columns 3, also constructed as water displacing floatating elements but extending partially above the sea level L. A rigid frame 4 above the water surface interconnects the four columns. The columns 3 are additionally interconnected by struts or girders or the like. The number of these columns will depend to some extent on the size of this platform, but for reasons of structural stability there should be at least three. 

Reference numeral 11 denotes the zones or regions of interconnection as between float 2 and columns 3. The columns 3 have significantly wider cross-section in this zone. Driving and propelling units 10 can be lowered from this zone or retracted so as to maneuver the platform when not retracted. 

The columns are vertically traversed e.g. by elevators 13 for moving personnel and load because the lower and submerged portions of the platform are used extensively as storage facilities and otherwise. Chain anchorings 12 are provided for locally positioning the platform and holding it particularly in shallow waters. These anchors for fastening the chains are secured to float 2 on the outside, but the anchor chains can be stored in the interior thereof. 

One of the columns 3 carries the command cabin or control tower 24 with living quarters 25 being provided for in lower stories or decks. The tower 24 may carry a landing platform 26 for helicopters. Various cranes 23 are mounted to the frame 4 and have operating ranges extending at least to the center of the frame as well as to the column 3. 

The center of the frame 4 carries the drilling derrick 20 which is equipped as usual. Drilling pipes or rods are stored at 24 right next to tower 20. The frame 4 has a carrier construction 17 for rails 18, and several service modules 19 are moved on these rails for placing them in various operating positions. These modules 19 contain various equipment as needed for drilling, such as equipment for mixing and flushing; equipment for cementing; auxiliary power equipment; equipment for the drilling holes; repair shop and storage of spare parts; additional living quarters for operating personnel if needed. 

A storage facility for risen pipes 22 is provided next to the drill pipe store 21. Such storage facility may be needed if not all these pipes can be stored inside of the columns 3. 

Each column 3 is constructed as a concentric pipe arrangement having an outer pipe 33 and an inner pipe 34 whereby, the annular space between the concentric pipes is compartmentized by radial walls 35. Additional walls (not shown) compartmentize this space in vertical direction. As stated, an elevator shaft 13 is provided in the center of each column, and pipes 14 for moving powdery, liquidous and/or gaseous media are arranged around that shaft. These pipes are arranged also inside of the inner pipe 34 and move e.g. fuel, exhaust fumes as well as fresh air. Additionally, the inner pipe 34 is used for storage (15), because not everything needed can be stored in the main body 2. 

The compartments as between inner and outer pipe can be flooded or emptied as needed for controlling buoyancy and stability of orientation of the platform as a whole. Thus, some of these compartments will serve as ballast and/or trim tanks. However, some of the compartments, namely those more on the inside of the platform construction, such as 16, may be used for storing fuel. This way, all compartments are used as buoyancy and ballast tanks and only some of them are needed for providing supplementary ballast adjustment and control particularly for compensating any change in load conditions on account of consumption of usefull load. 

The main submerged floating body 2, particularly the polygonally arranged individual sections thereof, are each comprised of an inner pipe 31 and of an outer pipe 32. Longitudinal walls 30 are provided for compartmentizing the ring space between the two pipes, and transverse walls (not shown) provide for further subdivision of the compartmentization. 

The various compartments between inner and outer pipes of body 2 serve also as storage facilities, as well as ballast and/or trim tanks. The compartments more on the outside should be used for storing non-contaminating fluid (e.g. drinking water) or they are flooded with sea water. 

The inner pipe 31 constitutes basically a continuous passage way with a transport device 5 arranged on and along the roof of that passage, running all the way around the body 2. This transport structure may be an overhanging rail with carriages running for suspending loads. Rails 29 are provided on the floor of the passage way, particularly for moving carriages 27 which carry ballast weights 28. These ballast weights 28 may be tanks filled with water and are moved on these carriages to the extent needed for trimming the position of the floating platform as a whole. These carriages may be self-propelled vehicles which are computer controlled in accordance with any sensed tilting angles of the floating platform. Any sudden external influence tending to change the stability can readily be compensated by moving these dummy loads into different positions. This can be done quite rapidly if the need arises rather suddenly. 

Various power stations 7 and storage containers 6 are provided more or less regularly around the center of the annulus 2, inside of tubes 31 (FIG. 5). Furthermore, the or some of the pipes 31 contain the principal fuel tanks 9 and other ballast tanks 8 (FIG. 4). This way fuel tanks are provided completely in the interior of the body and leakage towards the outside is quite unlikely, while any leakage from the fuel tanks is readily localized on account of the compartmentization of the space between inner and outer pipes 31, 32. 

About 90%, of the pay load, such as provisions and fuel are to be stored in body 2. As a consequence, the center of gravity of the structure as a whole is quite low which is very beneficial for the stability of the platform. The regular and symmetrical distribution of loads generally inside of body 2 enhances stability. On the other hand, the dual transport path inside of pipe 31 permits relocating of loads as well as moving of loads to and from the columns for changing the load distribution as for example, fuel is being used up. 

The invention is not limited to the embodiments described above but all changes and modifications thereof not constituting departures from the spirit and scope of the invention are intended to be included. 

Appendix B-2 USP 4174671
      United States Patent 4,174,671 

      Seidl November 20, 1979 

Semisubmerged ship 

Abstract

A marine vessel is provided which comprises a platform member, two parallel hulls disposed below the platform and adapted to be below the water surface when the ship is in operation, each of the hulls consists of an after section, a forward section having a smaller cross-sectional area than the after section and a central section having a cross-sectional area substantially smaller than that of the forward section and supported only by the junctions with the forward and after sections. Both forward sections and both after sections are joined to the platform member by strut-like members which are tapered so that their waterplane areas increase rapidly between the waterline and their junctions with the platform member. 

      Inventors: Seidl; Ludwig H. (Honolulu, HI) 

      Assignee: Pacific Marine & Supply Co., Ltd. (Honolulu, HI) 

      Appl. No.: 907122

      Filed: May 18, 1978

      Current U.S. Class:114/61.14; 114/265 

      Intern'l Class: B63B 001/10

      Field of Search: 114/61,62,56,265,256,283,49,59,312,67 R 244/105 

      115/20,22,26 D12/62 

Primary Examiner: Kunin; Stephen G. 

Assistant Examiner: Basinger; Sherman D. 

Attorney, Agent or Firm: Limbach, Limbach & Sutton 

Claims

What is claimed is: 

1. A marine vessel comprising: 

(a) a platform member; 

(b) two parallel hulls disposed below said platform and adapted to be below the water surface when the vessel is in operation; 

(c) each of said hulls comprising a pod shaped after section, a forward section having a generally rectangular cross section of substantially smaller cross-sectional area than the after section and a tubular central section, having a cross-sectional area substantially smaller than that of the forward section, joining the forward end of the after section to the after end of the forward section and supported only by the junctions with the forward and after sections; 

(d) each after section being joined to said platform by a strut-like member; 

(e) each forward section being joined to said platform by a strut-like member; 

(f) all of said strut-like members being tapered so that their waterplane areas increase rapidly between the waterline and the junction of the strut-like member with the platform; 

(g) the junctions of the strut-like members with the hull sections being so constructed that a portion of each connected hull section extends forward of the junction. 

2. A marine vessel as defined in claim 1 having a third hull of triangular cross section attached to the lower surface of the platform, said triangular hull having a width approximately equal to the transverse distance between the strut-like members, having its bow slightly astern of the bow of the forward section of the first mentioned hulls. 

3. A marine vessel as defined in claim 1 wherein an engine is mounted in the after section of each hull. 

4. A marine vessel as defined in claim 1 wherein the cross-sectional area of each strut-like member is at a minimum approximately at waterline. 

5. The marine vessel defined in claim 2 wherein the depth of the third hull is such that it lies above the water surface during operation of the vessel in calm seas. 

Description

BACKGROUND OF THE INVENTION 

The catamaran was probably the earliest twinhull vessel to appear. The catamaran consisted of a platform member having two hull members suspended from the platform, one on either side of the platform. The hulls are of uniform cross section and their sides were generally parallel planes. 

Subsequently, small waterplane twin hull vessels were developed (sometimes referred to as SWATH ships) by the United States Navy. This type of vessel was a modification of the catamaran in which there were two submerged hulls of uniform cross section which were connected to the platform by elongated struts which have a cross section substantially smaller than the cross section of the submerged hull, hence the small waterplane twin hull characterization. 

More recently, the Naval Ocean System Center at San Diego and Honolulu developed a design characterized as a "Two-strut" per side ship. These ships were characterized by submerged twin hulls of uniform cross section and the hulls were suspended from the platform by two narrow struts, one making a connection between the forward end of the submerged hull and the platform and the other making the connection between the after end of the submerged hull and the platform. 

The design of the ship of the present invention employs the two-strut per side concept, but by the employment of submerged hulls which have varying cross sectional areas along the hull lengths and by employing strut-like connections between the submerged hulls and the platform which flare outwardly both longitudinally and transversely from the waterline to the junction with the platform, achieves improved stability, improved reduction of wave forces and the more effective use of applied horsepower. 

BRIEF DESCRIPTION OF THE INVENTION 

The ship of the present invention comprises a platform member, two parallel submerged hulls and two strut-like members connecting each submerged hull to the platform. The submerged hulls consist of an after section, a forward section having a substantially smaller cross sectional area than the cross sectional area of the after section, and a central section of flattened tubular form connecting the forward end of the after section with the after end of the forward section and supported only by the junctions of the central section with the forward and after sections. The forward and after sections of each hull are joined to the platform by strut-like members which flare outwardly both longitudinally and transversely from the waterline to the junction of the strut-like member with the platform. A third hull of triangular cross section is attached to the lower surface of the platform. This hull has a width about equal to the transverse distance to the narrowest transverse distance between the strut-like members which attach the hull to the platform and has a depth such that in normal operation of the ship in relatively calm seas, the third hull is not in contact with the water. 

DETAILED DESCRIPTION OF THE INVENTION 

In the appended drawings 
FIG. 1 is an isometric view of the ship; 

FIG. 2 is a side view of the ship; 

FIG. 3 is a cross-sectional view of the forward section of the port hull looking aft and taken along line 3--3; 

FIG. 4 is a sectional view of the after section of the starboard hull looking aft and taken along line 4--4; 

FIG. 5 is a series of horizontal sections of strut-like member 36 showing the cross-sectional areas from the waterline to the junction of the strut-like member with the platform; 

FIG. 6 is a series of cross sections of strut-like member 35 showing the cross-sectional areas from the waterline to the junction with the platform; 

FIG. 7 is a cross section of FIG. 2 taken along line 7--7. 

FIG. 8 is a cross-section of FIG. 2 taken along line 8--8. 

Referring now to FIG. 1 platform member 30 is the main deck of the vessel on which any desired superstructure may be erected. Two parallel submerged hulls 31 each consist of an after section 32, a forward section 34, and a central section 33. Strut-like members 35 join the after sections of the hulls to the platform. Strut-like members 36 join the forward sections of the hull to the platform. Narrow hydrofoils 38 are fitted into the after section of after hull member 32 and each supports a rudder 39. Triangular third hull 37 is suspended from the platform between the inner edges of the strut-like members. The bow of this third hull is slightly astern of the bow of the forward sections of the submerged hulls and its depth is preferably such that during operation of the vessel in calm seas the base of the third hull lies above the water surface. 

Referring now to FIG. 2 of the appended drawings which is a side view of the ship, platform member 30 constitutes the main deck on which suitable superstructure may be erected. The submerged hull consists of after section 32, central section 33 and forward section 34. The cross-sectional area of after section 32 is substantially greater than that of forward section 34 which in turn is substantially greater than that of central section 33. Strut-like member 36 joins forward section 34 to platform 30. Above the waterline strut-like member 36 is outwardly flared both longitudinally and transversely so that the cross-sectional area of its junction with platform member 30 is substantially greater than that of its junction with forward hull section 34. Strut-like member 35 joins the after section of the submerged hull 32 with the platform and this strut-like member is also flared outwardly from the waterline to its junction with the platform so that the cross-sectional area of its junction with the platform is substantially greater than that of its junction with the after hull section. 

Central section 33 of the hull is a flattened tubular form and has a cross-sectional area which is small relative either to the after or forward sections of the hull. Central section 33 of the hull is supported only by its junctions with after section 32 and forward section 34. Above central section 33 and between after section 32 and forward section 34 of the hull is a void space 41 which is filled with water to the waterline when the boat is in operation and through which water may pass freely transversely of the boat. In the upper portion of the void space 41, a portion of the third hull 37 is shown having its bottom above the waterline. Shown in cutaway in the after section of the hull is engine 40. An engine is mounted in each of the after sections of the twin hulls. Small hydrofoil 38 is mounted in the after portion of after hull section 32 and supports rudder 39. If desired hydrofoil 38 may be dispensed with and strut-like member 35 may be extended astern so that it contacts a vertical downward extension of platform 30 and the rudder may be mounted in the strut-like member so extended. 

FIG. 3 is a cross-sectional view of forward hull member 34 and strut-like member 36 of the port side hull looking aft. Forward section 34 of the hull is generally rectangular in cross section, but has a bulb form base 43. Strut-like member 36 joins forward hull section 34 to platform 30. One side of the shallow third hull 37 is shown in midships position laterally. 

FIG. 4 is a sectional view of the after section of the hull 32 and strut-like member 35 which joins the after section of the hull to platform 30 taken along line 4--4. The after section of the submerged hull 32 is pod-like in form and has a much greater cross-sectional area than does the forward section of the hull, being so sized that engine 40 shown in cutaway may be positioned in the after section of the hull. 

FIG. 5 of the drawings shows a series of horizontal sections of strut-like member 36, section a being at the waterline and section f being the section at the junction of strut-like member 36 with platform 30. Sections b, c, d, and e are parallel horizontal sections taken at evenly spaced intervals between the waterline and the platform and show the substantial increase in the waterplane areas of strut-like member 36 between the waterline and the platform. 

FIG. 6 shows a series of horizontal cross sections of strut-like member 35 between the waterline and the junction with platform 30. Section g is the section of strut-like member 35 at the waterline and section l is the section of strut-like member 35 at its junction with platform 30. Sections h, i, j, and k are equally spaced sections between the waterline and the platform and show the rapid increase of the waterplane areas of strut-like member 35, between the waterline and the platform. 

FIG. 7 is a section of FIG. 2 taken along line 7--7. Triangular third hull 37 lies below platform 30 and has its base above the waterline. Sections of central hull section 33 lie below platform 30, but are not directly connected with it. 

FIG. 8 is a section of FIG. 2 taken along line 8--8 and shows platform 30 and triangular third hull 37 lying below the platform and having its base above the waterline. After sections of the submerged hulls 32 are joined to the platform 30 by strut-like members 35. 

The design of the submerged hull as shown and described above gives rise to a number of practical operating advantages. The after section of the submerged hull has a substantially greater cross-sectional area than the cross-sectional area of either the forward hull section or the central hull section. In a vessel having an overall length of about 65 feet, the diameter of the pod-shaped after section of the hull is ordinarily greater than 6 feet at its central portion. The design makes it possible for an engine to be disposed in each of the after sections of the two parallel submerged hulls. Disposing the engine in the hull permits the use of a conventional propulsion train and the weight of an engine so disposed lowers the center of gravity of the vessel. Positioning the engine in the after section of the submerged hull saves valuable deck area on the platform and provides maximum possible separation of the engines from passenger accommodations on the platform, thereby reducing engine noise and vibrations to a degree far beyond what might be achieved if the engines were mounted on the platform. 

The forward section of the submerged hull is much smaller in cross section and in total volume than the after section. The smaller cross section of the forward section of the submerged hull tends to minimize the disturbance and wake created by it when traveling through the water, and, thus, adverse hydrodynamic interference between the forward section and the after section of the submerged hull is reduced. The weight distribution of the vessel having its engines mounted in the after section of the submerged hull permits the smaller sizing of the forward section since less buoyancy is required in the forward section. 

The central section of the submerged hull is not directly joined to the platform and is supported solely by its junctions with the after section and forward section. The design of the central section leaves a void area 41 between the forward section and after section of each hull and this void area reduces overall heave force. The cross-sectional shape of the central section of the hull being of an oblong or horizontally flattened shape as shown in FIG. 7 tends to optimize the heave force reduction effect. 

Strut-like members 35 and 36 join the after hull section and the forward hull section, respectively, to the platform. Both have waterplane areas, which increase significantly with vertical distance as shown in FIGS. 5 and 6. The rapid increase in the waterplane areas of the strut-like members above the waterline produces what may be characterized as a "hardening spring" effect in heave, roll and pitch conditions. 

Third hull 37, which does not reach the water level under normal operating conditions provides additional longitudinal strength to the vessel and its deep V section reduces wave slap on the underside of the platform during operation in heavy seas. In the event that the lower hull should be partially or completely flooded, the third hull provides reserve buoyancy, which will keep the vessel afloat when the submerged hulls are in damaged condition. 

While it is preferred that the third hull be clear of the water during normal operation in calm seas it may be extended downwardly to or below the water surface if desired. 

As shown in FIG. 2, the forward transition zone of the after section of the submerged hull to the after strut-like member leads forward and achieves to a degree the effect of a bulbous bow, leading the strut-like member. The forward end of the forward section of the submerged hull is bulbed to produce a similar effect. 

Horizontal bilge keels may be mounted on the submerged hulls and stabilizing fins or canards can provide further stabilization against both pitch and roll motions. 

The submerged hulls are preferably constructed from mild steel and the platform and third hull from aluminum. 

Overall, the design of the present vessel provides improved stability and safety and more efficient use of applied horsepower. 
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Swap type floating platforms 

Abstract

A system for stabilizing floating semi-submersible platforms and compensating ship motion of monohull ships is based on a design protecting waterplane from vertical movement during wave actions. Each vertical strut of the semi-submersible platform utilizing this system consists of a vertical hollow column with its upper end connected to the platform upper structure and lower end open to the surrounding water. Inside the vertical hollow column is inserted a buoyancy vessel which is connected to the upper platform structure by its upper part and which serves as a means of forming a waterplane. During passive mode of this system operation, the roll and pitch of the floating platform (ship), due to wave induced forces, will be introduced because the vertical movement of the water level inside the vertical hollow column will be considerably less than the vertical movement of the water outside the vertical hollow column. During the active mode of SWAP system operation, the roll and pitch of the floating platform (ship), due to wave induced forces, or trim and list, due to the outer moment acting on the ship, will be eliminated or drastically reduced by changing the air pressure in the space between vertical hollow columns, inserted buoyancy vessel and waterline inside the vertical hollow column. 
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Claims

I claim: 

1. A ship water plane area protected free floating platform comprising: a platform upper deck; at least three struts, each of said struts comprising: a vertical hollow column having a bottom end open to surrounding water and having an upper end connected to said platform upper deck; a buoyancy vessel inserted into said vertical hollow column having a lower end closed and an upper end open to atmosphere, and a ring connecting said upper end of said buoyancy vessel to said upper end of said vertical hollow column; a conduit located below water level connecting said vertical hollow column and said inserted buoyancy vessel of each strut to a corresponding portion of each other said strut; and means for generating vertical forces acting on each of said rings, located between each of said buoyancy vessels and each of said vertical hollow columns to control and trim list of the floating platform. 

2. The platform of claim 1 wherein each of said buoyancy vessels is connected to one of said vertical hollow columns in a manner which permits each of said buoyancy vessels to be disconnected and moved in an upward direction. 

3. The platform of claim 1 wherein said means for generating forces to control trim and list of said floating platform include: compressed air and vacuum systems which when applied into said space between said vertical hollow column and said inserted buoyancy vessel generate vertical forces on each of said rings connecting each of said hollow columns to each of said buoyancy vessels; said compressed air and vacuum systems further comprising an air compressor, a compressed air tank, a vacuum tank, pipe lines with remote control valves connecting said space between each of said hollow columns and each of said buoyancy vessels with said compressed air tank, said vacuum tank and atmosphere; means for indicating platform trim and list wherein said remote control valves are responsive thereto; and wherein a preselected space between each of said hollow columns and said buoyancy vessels and above an average water plane level inside each of said hollow columns to accommodate a rise of water level when vacuum is applied above said water plane level and preselected space below said average water plane level to accommodate compressed air without its escape into surrounding water when air pressure is applied above said water plane. 

4. A ship water plane area protected, tied, anchored, floating platform comprising: a platform upper deck; and at least three struts, each of said at least three three struts further comprising, a vertical hollow column having a bottom end open to surrounding water and having an upper end connected to said platform upper deck; a downward extension of said vertical hollow column which has a flange on an upper end which is connected to said vertical hollow column; a buoyancy vessel inserted into said vertical hollow column having a lower end closed and an upper end open; and a ring connecting said upper end of said buoyancy vessel to said upper end of said vertical hollow column; a conduit located below water level connecting a space between said vertical hollow columns and the respective buoyancy vessel of each said strut to a similar space in each other said strut; means for generating vertical forces, acting on said ring, located between each of said buoyancy vessels and each of said vertical hollow columns, to control the trim and list of the platform; a foundation on the bottom of the sea including a pontoon with ballasts, an anchoring means and a well template; and catenary mooring lines from the platform to said anchoring means of said foundation. 

5. A platform as set forth in claim 4 wherein said means for generating vertical forces to control trim and list of said platform comprises: compressed air and vacuum systems which when applied into said space between each of said vertical hollow columns and each of said inserted buoyancy vessels, generates vertical forces on said rings connecting each of said hollow columns to each of said buoyancy vessels; said compressed air and vacuum system comprising an air compressor, a compressed air tank, a vacuum tank, pipelines with remote control valves connecting said space between each of said hollow columns and each of said buoyancy vessels with said compressed air tank, said vacuum tank and atmosphere; means for indicating platform trim and list said remote control valves being responsive thereto; and a preselected space between each of said hollow columns and each of said buoyancy vessels and above an average water plane level inside each of said hollow columns to accommodate a rise of water level, when vacuum is applied above the water plane, and a preselected space below the average water plane level to accommodate pumpedin compressed air without escape into surrounding water, when air pressure is applied above the water plane. 

6. The platform of claim 4 wherein each of said buoyancy vessels is connected to each of said vertical hollow columns in a manner that permits said buoyancy vessels to be disconnected and removed in an upward direction. 

7. A ship water plane area protected type catamaran comprising: a propulsion system; at least two submerged hulls, each of said submerged hulls comprising at least two struts interconnecting said upper deck with said submerged hull; each of said struts comprising a vertical hollow column having the form of an elongated box shaped to reduce drag and having its bottom at least partially open to the surrounding water; a buoyancy vessel inserted into said hollow column having a form of an elongated box, a lower end which is closed and an upper end open to the atmosphere and a cover plate connecting said upper end of said buoyancy vessel to an upper end of said hollow column; cross-conduits located below water level and having a form of an elongated box shaped to reduce drag, interconnecting said hollow columns and said inserted buoyancy vessels of oppositely located struts; longitudinal conduits located below water level and passing through said submerged hull interconnecting said hollow columns and said inserted buoyancy vessels of said struts located along one of said submerged hulls; and means for generating vertical forces acting on said cover plate located between said buoyancy vessel and said vertical hollow column to control list and trim of said catamaran. 

8. The catamaran of claim 7 wherein each of said buoyancy vessels is connected to said vertical hollow columns so that each of said buoyancy vessels can be disconnected from each of said vertical hollow columns and removed in an upward direction. 

9. The catamaran of claim 7 wherein said means for generating vertical forces to control trim and list of the catamaran comprise: compressed air and vacuum systems which when applied into a space between said vertical hollow column and said inserted buoyancy vessel generate vertical forces on said cover plate connecting said hollow column and said buoyancy vessel; wherein said compressed air and vacuum systems include an air compressor, a compressed air tank, a vacuum tank, pipelines with remote control valves, connecting space between each of said hollow columns and each of said buoyancy vessels with said compressed air tank, said vacuum tank and atmosphere; means for indicating catamaran trim and list to which said remote control valves are responsive; and a preselected space between each of said hollow columns and each of said buoyancy vessels and above an average water plane level inside said hollow column to accommodate a rise of water level when vacuum is applied above said water plane and preselected space below said average water plane level to accommodate pumped in compressed air without its escape into surrounding water when air pressure is applied above said water plane. 

10. A ship water area protected single body ship comprising: an outer hull, including sidewalls; an inner hull, comprising at least two water-level equalizing conduits crossing said inner hull at said inner hull's lowest part; an upper deck; at least two partitions dividing a space between said outer hull and said inner hull into sections, said sections being connected to each other through openings in lower portions of said partitions; means for generating vertical forces, acting on said upper deck in an area covering said space between said inner hull and said outer hull, thereby controlling trim and list of the single body ship. 

11. The ship water area protected single body ship of claim 10 wherein said vertical force generating means comprises: compressed air and vacuum systems, which when applied to said space between said outer hull and said inner hull generate vertical forces on at least a portion of said upper deck connecting said inner hull and said outer hull; wherein said compressed air and vacuum systems include an air compressor, a compressed air tank, vacuum tank and pipelines with remote control valves, said pipelines connecting said space between said inner hull and said outer hull with said compressed air tank, said vacuum tank and atmosphere wherein said remote valves are responsive to a means for indicating trim and list of the ship; and wherein said space between said inner hull and said outer hull is of sufficient size above an average waterplane level to accommodate a rise of water level responsive to said vacuum system and is of sufficient size below the average waterplane level to accommodate a fall in water level responsive to said compressed air system without the escape of air into surrounding waterlevel to accommodate pumped in compressed air without its escape into surrounding water when air pressure is applied above said water plane. 

Description

(abbreviation of: Ship Waterplane Area Protected). 

BACKGROUND OF THE INVENTION 

This invention relates to the Marine Industry and particularly to motion stabilization of floating platforms and ships. 

OBJECTIVES OF THE INVENTION 

It is an object of the instant invention to improve stability of the floating platforms (ships) during the high seas and to provide them with an ability to automatically keep the platform (ship) on the even keel. Application of this invention is seen for floating drilling platforms, passenger ships, crane ships, floating terminals, SWATH-type ships, etc. 

SUMMARY OF THE INVENTION 

One of the SWAP type platform innovations is in the structural design that separates floating platform waterplane area from contact with the rapidly alterating waves water level of waves. This feature in a passive way significantly reduces amplitude of platform motion due to the actions of waves. An automated active system designed to keep floating platform always on the even keel (regardless of waves or other external forces) is another innovation of the SWAP type platform. 

Separation of the platform waterplane area from wave actions is achieved by locating a vertical hollow column with an open bottom and closed top around the buoyancy vessel, which forms the waterplane area. By interconnecting internal spaces of several oppositely located vertical hollow columns through water level equalizing conduits, the waterplane level inside all the hollow columns will be almost on the same level (or it will alternate equally in each of them) thus significantly reducing trim or list of the platform due to wave actions. 

The automation is based on the ability to generate and control vertical forces acting in opposite directions inside the vertical hollow column, introduced to protect waterplane area from waves actions. By connecting space inside vertical hollow column with a vacuum, the downward atmospheric force acting on platform will be generated. By pumping-in compressed air inside this space, upward force acting on the platform will be generated. 

By using a pair of symmetrically and oppositely located vertical hollow columns, significant restoring moment can be achieved with low pressure air (up to +0.8 bar) pumped in one and not deep vacuum (up to -0.8 bar) provided to the other. 

Combination of the passive system which reduces motion generated by waves only, with active system which activates by actual platform inclination will provide floating platforms with a highly reliable motion compensation system. 

Utilization of a vertical hollow column with a downward extension of a significant length will be able to significantly reduce vertical movement (heave) of the floating platform. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 Plan view of a SWAP type free floating platform 

FIG. 2 Elevation, Section A--A from FIG. 1 

FIG. 3 Section 8--8 from FIG. 1 

FIG. 4 Section C--C from FIG. 2 

FIG. 5 Section D--D from FIG. 3 

FIG. 6 Platform cross-section 

FIG. 7 Platform cross-section through wave slope 

FIG. 8 A SWAP type catamaran, Plan E--E, From FIG. 10 

FIG. 9 Elevation, Section F--F, from FIG. 8 

FIG. 10 Section G--G, from FIG. 8 

FIG. 11 A SWAP type anchored platform 

FIG. 12 A SWAP type single body ship (plan) 

FIG. 13 A SWAP type single body ship (elevation) 

FIG. 14 A SWAP type single body ship (section) 

Referring to the drawings FIG. 1; FIG. 2; FIG. 3; FIG. 4; FIG. 5 and FIG. 6 the semi-submersible platform 20 includes: upper deck 22, submerged hulls 24, struts 25 containing vertical hollow column 26, and buoyancy vessel 27, horizontal water level equalizing conduits 28 and 30 interconnecting spaces of vertical hollow columns, and system 34 for controlling trim and list of the platform. Upper deck 22 has openings 36, cover 38 and ring 40 for accomodating buoyancy vessel 32. Vertical hollow column 26 has centering guides 42 and its bottom is open to surrounding water. 

Buoyancy vessel 32 has connecting flange 48, cylinder 50, bottom 52 and means 54 for controlling water level inside the buoyancy vessel 32. FIG. 6 illustrates System 54 which includes: submerged pump 56, outflow pipe 58 with valve 60, pump drive 62 and shaft 64. System 34 for controlling trim and list of the platform includes: 

air compressor 66, compressed air tank 68, vacuum tank 70, compressed air line 72 with valves 74, vacuum line 76 with valves 78 and atmosphere pipe 80 with valve 82. Air compressor 66 on its exhaust side is interconnected with compressed air tank 68 and atmosphere through valves 84 and 86. On its suction side air compressor 66 is interconnected with vacuum tank 70 and atmosphere through valves 90 and 92. Sensor 94 indicating trim and list of the floating platform 20 is electronically interconnected with all valves of the system and with the compressor drive, thus providing the base for automating of the process of keeping floating platform on the even keel in the event of alterating outer forces acting on the platform. 

FIG. 7 illustrates the effect of protecting the waterplane area WA from wave action. 

FIG. 8, FIG. 9, and FIG. 10 illustrate a catamaran-type semi-submersible self-propelled ship 21 known as SWATH--Small Waterplane Area Twin Hull--accomodating the instant invention. It includes: Upper deck 22, submerged hulls 24, struts 25 containing vertical hollow columns 26, and buoyancy vessel 27, water level equalizing longitudinal conduit 28 and cross conduits 30. Cross conduit 30 has at its section a hydrofoil form providing additional lift force. A buoyancy vessel 27, inserted into the vertical hollow column 26, has connecting flange 48, body 50 and bottom plate 52. On the bottom plate 52 is mounted system 54 for controlling water level inside the buoyancy vessel 27, which is similar to the system of semisubmersible described earlier. System 34, for controlling trim and list of the ship through regulating pressure (vacuum) inside the vertical columns 26, is similar to the system of semi-submersible described earlier. Means for reducing drag of the vertical columns 26 by utilizing front and back fairings 96. Self-propelled means including of diesel 98, propeller 100 and connecting shaft 102. 

FIG. 11 illustrates a SWAP type anchored platform. This platform is of similar design as a SWAP type free floating platform described earlier. The difference is in the additional elements: a downward extension 104 of vertical hollow column 26, tensioned anchor chains 106, a catenary mooring lines 108 and anchors 110, a foundation 112 including pontoon 114, ballast 116, anchoring arrangements 118 and well template 120. 

FIG. 12; FIG. 13 and FIG. 14 illustrate a SWAP type single body ship. It consists of inner hull 122 with water level equalizing conduits 124, outer hull 126, part of upper deck 128 covering space above inner and outer hulls, and partitions 130 with opening 132. It incorporates system 34 for controlling trim and list of the ship similar to the same system on the SWAP type free floating platform described earlier. 

OPERATION 

In an active mode of operation System 34, for controlling trim and list of free and anchored floating platforms, catamaran ship and single body ship, functions in the following manner: 

Floating platform deviation from horizontal position (appearance of trim or list or both) triggers the sensor 94, which by remote control opens and closes certain group of valves. For example (FIG. 6) moment M tends to incline the platform (ship) to the right. This leads to signals from indicatior 94 which opens valve 78 on the left column 26L and valve 74 on the right column 26R. As the result of valve 78 opening, vacuum P.sub.v in the space between vertical hollow column 26L and inserted buoyancy vessel 27 will generate atmospheric pressure on the ring 40 and will form force F.sub.v directed downward. 

As the result of valve 74 opening, excess pressure P.sub.p in the space between vertical hollow column 26R and inserted buoyancy vessel 32 will generate upward directed force F.sub.p. 

Forces F.sub.v and F.sub.p generate countermoment which balances the acting moment and restores the horizontal position of the platform. 
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Semi-submersible vessel 

Abstract

An uncrossed-braced, column stabilized semi-submersible and improved methods of operation of the same are disclosed. The semi-submersible vessel provides necessary strength to resist hydrodynamic forces via a unitized support system. Improved elliptically shaped columns, haunch supports and reinforcing members provide stability and resist transverse forces. A skirt design minimizes the reduced stability at the transition point. Improved deck designs reduce environmental impacts and provide additional support against transverse forces. 

      Inventors: Kratz; Owen (2503 Crescent Shores Dr., LaPorte, TX 77571); 

      Ketting; Hank (39 Berglaan, Woensdrecht 463416, NL); Kellogg; Stanley 

      Groedecke (7803 Feather Spr., Houston, TX 77095) 

      Appl. No.: 246618

      Filed: February 8, 1999

      Current U.S. Class:114/264; 114/265 

      Intern'l Class: B63B 035/44

      Field of Search: 114/264,265,266,253,254,44,50,51 
  References

      Roy D. Gaul, et al. Design of Semisubmerged Swath Research & Survey Ship, 

      Proceedings on the Oceans '88 conference (1988). 

      Alan C. McClure & Associates, Inc., General Arrangement Forward/AFT and 

      Elevation (Aug. 27, 1998). 

      R. D. Gaul & A. C. McClure, Development of the Swath Ship concept for 

      Research Design Ship, Proceedings of Oceans (1984). 

      Alan C. McClure & Roy D. Gaul, Let Swath, Proceedings (Apr. 1987). 

      R. D. Gand et al., Semi-Ship Favored As Crew Transporter, Offshore Europe 

      (Oct. 5, 1981). 

      Alan C. McClure Assoc. Inc., General Arrangement Outboard Platform (Aug. 

      1996). 

Primary Examiner: Avila; Stephen 

Attorney, Agent or Firm: Fulbright & Jaworski L.L.P. 

Parent Case Text

The present invention is a continuation-in-part of U.S. patent application Ser. 
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Claims

What is claimed is: 

1. A method for loading a semi-submersible vessel having an underside comprising the steps of: providing a reel that is loaded with product; positioning said loaded reel under said semi-submersible vessel; connecting a lifter means to said loaded reel for raising said loaded reel; lifting said loaded reel toward said underside of said semi-submersible vessel; and engaging a fastener means with said loaded reel to secure said loaded reel to said underside of said semi-submersible vessel. 

2. The method of claim 1, further comprising the steps of providing alignment monitors and aligning said loaded reel under said semi-submersible vessel using said alignment monitors. 

3. The method of claim 2, wherein said alignment monitors control thrusters transporting said loaded reel. 

4. The method of claim 2, wherein said semi-submersible vessel provides a reference source to said alignment monitors. 

5. The method of claim 1, further comprising the steps of: providing a transport vessel; providing the loaded reel art on said transport vessel; and wherein the positioning step includes positioning the transport vessel with said loaded reel under said submersible vessel. 

6. The method of claim 5, further comprising the steps of providing a motion suppression apparatus wherein, the positioning step includes using said motion suppression apparatus comprises control devices which activate and deactivate compressors, thereby maintain equilibrium of the displacement force of said transport vessel and hydrostatic force of the water plane. 

7. The method of claim 1, further comprising the step of engaging and securing a spindle. 

8. A method for installing product with a semi-submersible vessel comprising the steps of: providing a first reel that is loaded with product; positioning said first reel under said semi-submersible; connecting a lifter to said first reel; lifting said first reel toward the underside of said semi-submersible; securing said first reel to the underside of said semi-submersible vessel by engaging a fastener; attaching a lead line to said product; unspooling said product from said reel with said lead line; associating said product with a dead weight; and lowering said dead weight into the installation site. 

9. The method of claim 8, further comprising the step of engaging an alignment device. 

10. The method of claim 8, further comprising the steps of securing a second reel loaded with product to said semi-submersible vessel and associating the product of said second reel with the product of said first reel. 

11. A reel and cassette mechanism with improved failure characteristics comprising: a reel positioned in a cassette, wherein said reel comprises a first horizontal surface and a cylinder having a first and second end, wherein said second end of said cylinder is connected to said first horizontal surface; and said cassette comprises a bottom, a surface rising from said bottom and an air inlet into said bottom; and an air compressor which supplies compressed air into said inlet, to generate a pressure exerted upon said horizontal surface sufficient to create air cushion for supporting said cassette above said bottom. 

12. The reel and cassette of claim 11, wherein said bottom is circular. 

13. The reel and cassette of claim 11, wherein the shape of said horizontal surface is adaptable to the shape of said bottom. 

14. A semi-submersible vessel comprising: a deck having an underside; a plurality of columns having a top and a bottom, wherein said column tops are connected to said deck underside; a plurality of pontoons, wherein said column bottoms are connected to one of said pantoons; a lifter for lifting a product supply source torwards said deck underside; a connector attached to said lifter, wherein said connector is engageable with said product supply source; and a fastener engagable with said product source to secure said product source to said deck underside. 

15. The semi-submersible vessel of claim 14, wherein said product supply source is a reel. 

16. The semi-submersible vessel of claim 14, wherein said product supply source is a reel and cassette apparatus. 

Description

BACKGROUND OF INVENTION 

This invention relates to a semi-submersible vessel used in connection with offshore operations, services and resource exploration. More particularly, this invention relates to (1) a hybrid of a column stabilized semi-submersible vessel which expands the useful operations and life thereof and (2) improved methods of performing offshore operations, services and resource exploration therewith. 

Increased energy demands and decreased energy resources have created a need to explore and produce resources from deeper offshore areas. The demands of deep water exploration and installation present many technical problems for vessel designers. Existing technology used in offshore operations, services and resource exploration fails to adequately address the many challenges associated with deep water. 

Placement of equipment in deep waters necessitates new methods of installation, maintenance, repair and removal. For example, rapid transit speed combined with installation and removal capabilities are desired features which are inadequate in existing designs. Service and maintenance needs related to equipment placed in extreme depths, e.g., flow lines, jumpers, tie-ins and service umbilicles, presents significant issues which known technology fails to adequately address. 

The time frames associated with installation, maintenance, repair and removal services precludes the use of mooring systems in deep water. Thus, efficient station keeping techniques are required. In addition, improved methods for loading, unloading and provision of installation, maintenance, repair and removal services are required. 

One type of vessel used in deep waters is known as a semi-submersible vessel. A semi-submersible vessel comprises a deck section which is typically supported by four or more vertical columns which rest on two or more pontoons. The pontoons and portions of the columns are submerged below the operational water line during normal operation. In order to provide adequate structural integrity, cross brace support members are typically used between the columns. Cross brace support members, while essential to the structural integrity of traditional designs for semi-submersible vessels, create undesirable characteristics. For example, cross brace support members create hydrodynamic drag and create problems related to underslung loads. In addition, cross brace support members preclude easy and efficient loading and reloading of vessels. 

U.S. Pat. No. 4,436,050 illustrates a hybrid of a traditional cross braced semi-submersible vessel. In the disclosed vessel, a pair of support members run generally parallel between the pontoons. Such an alternative design fails to fully address performance and operational issues. 

Canadian Patent No. 1,279,531 discloses a semi-submersible vessel without any cross bracing, but fails to disclose means which would adequately support such a structure. 

Thus, a need remains for an improved semi-submersible vessel design with expanded capabilities, and alternative structural supports which do not unnecessarily interfere with advantageous operations of such vessels and methods for maximizing the efficiency and operation of the same. 

SUMMARY OF INVENTION 

It is therefore an object of the present invention to provide an improved semi-submersible vessel which does not require cross-bracing. 

A further object of the present invention is to provide an improved column design which can be incorporated into a semi-submersible vessel. 

Another object of the present inventions is to provide an improved method and apparatus for loading a semi-submersible vessel. 

A further object of the present invention is to provide an improved and cassette mechanism which improves vessel capabilities. 

Another object of the present invention is to provide a reel cassette mechanism with improved failure characteristics. 

Yet another object of the present invention is to provide an improved method for loading underslung loads onto a semi-submersible vessel. 

Thus to achieve these objects, there is provided in one embodiment of the present invention an improved design for a semi-submersible vessel which includes a deck supported by columns and a haunch means. More particularly, in one embodiment of the present invention, there is provided a vessel comprising two pairs of columns, the first pair being connected to a first pontoon and the second pair being connected to a second pontoon and haunch means which connects the first and second pair of columns to a deck. 

In a preferred embodiment, the haunch means comprises a diagonal structure which flares inboard and connects the column to an upper box structure. More particularly, there is provided elliptically shaped columns which more evenly distribute forces. Further preferred, the columns comprise internal bulkheads, which preferably expand in way of the haunch and connect to the upper box structure. In a most preferred embodiment, the columns are elliptically shaped, and include two or more internal bulkheads. 

In another aspect of the present invention, there is provided improved elliptical columns for use in a semi-submersible vessel. In a preferred embodiment, the columns include a flared skirt. Most preferred, the skirt flares at an angle from about thirty to about sixty degrees. 

In another aspect of the present invention there is provided an improved structural design which further incorporates multiple decks as support members in a unitized structure. More particularly, there is provided a double bottom structure, which includes a first deck, a second deck and a wet deck. Preferably, the wet deck and the second deck are connected by a plurality of support members. Further preferred, the wet deck and the second deck are connected to the columns by a haunch means. The integration of structural components creates a continuous unitized structure. 

In another aspect of the present invention, there is provided an improved method for loading or carrying an underslung load. More particularly, there is provided an improved method which includes the steps of placing a barge or similar load carrying vessel under a semi-submersible vessel, lowering a line or lines from said semi-submersible vessel, connecting the lowered line or lines to a load and raising the load. In a particularly preferred embodiment the method include the steps of positioning a transport vessel underneath a semi-submersible vessel, aligning product with a lifting means, raising the loaded product to the undersided of the semi-submersible vessel, and securing the product to the underside with a fastening means. A preferred method for aligning the product is by use of lasers positioning devices. A preferred lifting device is a vehicle hydraulic cylinder. A preferred fastening device is a male/female hydraulic engagement. 

In another aspect of the present invention, there is provided a method for installing product comprising the steps of securing a loaded reel to the underside of a semi-submersible vessel, attached a lead line to the product of the reel, unspooling the product with the lead line, associating the product with a dead weight and lowering the dead weight to an installation site. In a preferred embodiment, two or more reels may be secured to the underside of a semi-submersible vessel, whereby either product may be continuously installed from a first and a second reel or two different products may be simultaneously installed. Preferably, the moon pool of the semi-submersible is enlarged to a size which allows for materials and other apparatus to be directly loaded from the underside of the vessel from a transport vessel or other feed source. 

In yet another aspect of the present invention there is provided a reel and cassette mechanism with improved failure characteristics. More particularly, there is provided a reel which holds product and includes a horizontal surface and a cylinder, a cassette including a bottom, and an air inlet, and an air compressor. Preferably, the horizontal surface of the reel is positioned adjacent to the bottom of the cassette and the air compressor supplies air whose force per square inch is greater than the weight of the reel and its associated product, whereby an air cushion is created between the horizontal surface and bottom. 

In a particularly preferred embodiment, there is provided an adaptable reel. More particularly, the diameter of the cylinder may be increased or decreased so that product of different banding stresses may be accommodated. Additionally, the preferred reel includes an adaptable horizontal surface whose diameter may be increased or decreased, whereby additional product may be accommodated or the reel may be accommodated to multiple cassettes. 

Other objects, features and advantages of the present invention will become apparent from a review of the detailed description of the preferred embodiments, including the illustrative drawings and the appended claims which follow. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is an end view of a prior cut cross braced semi-submersible vessel. 

FIG. 2 is an elevation view of the bow of a vessel which illustrates the current invention. 

FIG. 3 is an elevation view of the stern of the vessel of FIG. 2. 

FIG. 4a is a top view of the first deck of the vessel of FIG. 2. 

FIG. 5 is a top view of the second deck of the vessel of FIG. 2. 

FIG. 5a is a cross-sectional view of a support column of the vessel of FIG. 2. 

FIG. 5b is a cross-sectional view of another support column of the vessel of FIG. 2. 

FIG. 6 is a cross sectional view of the vessel of FIG. 2 along Lines B--B of FIG. 4a. 

FIG. 7 is a side elevational view of the vessel of FIG. 2. 

FIG. 8a is a longitudinal at elevation view of the column of the vessel of FIG. 2. 

FIG. 8b is a transverse view of the column of the vessel in FIG. 2. 

FIG. 9 is a transverse view of the column of the vessel in FIG. 2. 

FIG. 10a a view of a preferred habitat incorporated into the vessel of FIG. 2. 

FIG. 10b is an elevation view of the columns of the vessel of FIG. 2 at the wet deck. 

FIG. 10c is an elevation view of the columns of the vessel of FIG. 2. 

FIG. 10c is a sectional view of the columns of vessel of FIG. 2. 

FIG. 11 is view of the second deck of the vessel of FIG. 2. 

FIGS. 12a, 12b, 12c, and 12d are end views of the semi-submersible vessel of FIG. 2, which illustrate preferred methods for loading and securing product to the underside of a semi-submersible vessel. 

FIGS. 13a, 13b, 13c, 13d, 13f and 13g top views of the semi-submersible vessel of FIG. 2, which illustrate a preferred method for positioning a product carrying vessel underneath a semi-submersible vessel. 

FIGS. 14a and 14b are side views of the semi-submersible vessel of FIG. 2, which illustrates loading of and an underside loaded product. 

FIGS. 15a, 15b, 15c, 15d, 15e and 15f are views of a preferred product carrying vessel. 

FIGS. 16a, 16b and 16c are a series of views of the preferred reel and cassette apparatus. 

FIG. 17 is a side view of the semi-submersible vessel of FIG. 2, which illustrates installation of product. 

FIG. 18 is a top view of the semi-submersible vessel of FIG. 2, which illustrates a dual-loaded underside. 

FIGS. 19a, 19b and 19c are various views of a preferred reel and cassette device. 

FIG. 20 is a series of views of the preferred real of FIG. 19. 

FIGS. 21a, 21b, 21c and 21d-21g are varies views of the vessel of FIG. 2, which illustrate installation of product. 

DETAILED DESCRIPTION OF THE PRESENT INVENTION 

The present invention provides a mobile vessel designed to accomplish a variety of functions at an offshore site. In contrast to known vessel designs and improvements, the present invention provides a stable semi-submersible vessel design with expanded capabilities, without support members which impair hydrodynamic properties and the useful operation of such a vessel. 

As discussed above, depleted energy resources and increased energy demand has created a need for a deep water resource exploration and service vessel. The usefulness of existing semi-submersible vessel designs is somewhat limited because prior designs have unnecessarily limited transit speeds and the normal operations of such vessels. 

The primary structural forces on a semi-submersible vessel are in the transverse direction. As used herein, transverse forces are those forces with a direction generally perpendicular to the pontoons of a semi-submersible vessel. In traditional semi-submersible vessels, a truss system is used to counteract transverse forces and provide structural integrity. 

Referring first to FIG. 1 of the drawings, designs of semi-submersible vessels known in the art may be better understood. A typical truss design is shown. The truss comprises a first and a second diagonal support member 10 and 11 which run from the deck 12 to the first and second columns 13 and 14. An additional horizontal support member 15 is completely below the operational water line 16, and a significant portion of the first and second diagonal support members are also below the operational water line 16. 

Semi-submersible vessels are by their nature mobile but also face the challenge of maintaining constant position. Incorporating additional cross brace structures under the operational water line 16 creates undesirable hydrodynamic drag. Current and waves impacting diagonal support member 10 and 11 and horizontal support member 15 adversely affect station keeping performance. In a similar manner, such members adversely limit transit speed of such a vessel. Further, the incorporation of diagonal support member 10 and 11 and horizontal support member 15 impairs the vessels ability to load and carry underslung loads. 

In a vessel such as the semi-submersible shown in FIG. 1, a large load may be handled by a method known to those skilled in the art as keel hauling. The keel hauling method requires the steps of lowering a line (not shown) below the operational water line 16, taking the line under the horizontal support member 15, raising the line above the operational water line 16, connecting the line to a load (not shown) on a barge or other vessel (not shown). The load must then be lowered into the water independent of the semi-submersible, for example, by a derrick barge. When the load is lowered, the load is allowed to swing under the semi-submersible in a pendulum like manner, thereby transferring the load to the semi-submersible. Obviously, keel hauling creates certain operational risks. 

Column Stabilized Unitized Structure 

Referring now to FIGS. 2-9 of the drawings, the column stabilized unitized structure may be better understood. 

In a service vessel used at multiple offshore sites, the combined functional requirements create new design considerations which known vessels have failed to adequately address. The current invention discloses novel designs which accomplish the desired functionality. A unitized structural system is disclosed which allows greater overall operational flexibility of the vessel, while reducing hydrodynamic drag. Furthermore, the unitized structural support of the current invention distributes forces over a greater overall area so as to minimize peak stresses and thereby maximize the fatigue life of the vessel. 

Referring now to the drawings, the invention is embodied in an uncross-braced, column stabilized service vessel with the general features illustrated in FIGS. 2 through 11. The vessel includes two generally parallel pontoons 20 and 21 which are connected to preferably elliptically shaped column supports 23, 24, 31 and 32, which in turn support horizontal box 27, which is composed of structures between wet deck 28 and first deck 124. Preferably, haunch means 25, 26, 33 and 34 transfer forces into horizontal box 27. 

The elliptically shaped column supports comprise an outer shell 51 which is a primary strength member (See FIGS. 5a and 5b). The elliptically shaped column supports 23, 24, 31 and 32 each comprises a major axis 52 which is generally parallel to pontoons 20 and 21, a minor axis 53 which is generally perpendicular to pontoons 20 and 21. By elongating columns 23, 24, 31 and 32 along pontoons 20 and 21, enhanced ability to resist transverse forces, improved transition stability and increased transit speed are achieved. Preferably, the major axis 52 is from about one and a half to three times greater than the minor axis 53. Further preferred, the major axis is about one and three-quarters to two and one-quarter greater than the minor axis 53. 

Semi-submersibles have in the past incorporated rectangular and rounded columns to support the upper deck over the pontoons. A rectangular column provides a good structural connection between the deck and the pontoons, but creates a high drag by virtue of its shape. Rounded columns create less drag than rectangular columns and such drag is independent of direction, but offer limited structural support between the pontoons and the upper deck. The unitized structure of the present invention incorporates elliptical columns which provide improved support against transverse forces. Stated otherwise, an elliptically shaped column offers greater structural support than a round column, without adding the hydrodynamic drag of a rectangular column. By way of example, assuming the minor axis 53 (FIG. 5a) of an elliptically shaped column is equal to the diameter of a circular column, an elliptically shaped column provides increased structural capacity as compared to the circular column. Such increase is equal to the ratio of the major axis of the elliptically shaped column divided by the diameter of 

the circle. 

An elliptical shape has additional structural benefits. By using an elliptical shape, forces may be distributed over a greater area. By distributing the forces over a greater area, the useable life of the vessel is increased because fewer high stress points are incorporated into the vessel. 

The elongated elliptical shape provides additional benefits. By elongating column supports 23, 24, 31 and 32, additional support against transverse forces may be incorporated internally to the column supports 23, 24, 31 and 32. The shape of a circular column inhibits the incorporation of multiple transverse bulkheads. Thus, in another aspect of the present invention there is disclosed enhanced bulkhead support members. Two or more generally parallel, transverse bulkheads may be incorporated in an elliptical structure. Three generally parallel bulkheads 54, 55, and 56 are preferably incorporated into each of the column supports 23, 24, 31, and 32 (see, e.g. FIG. 5b). The parallel bulkheads 54, 55 and 56 are preferably connected to, respectively, pontoon 20 or 21 and the horizontal box 27. The parallel bulk heads 54, 55 and 56 may be connected in manners well known to those skilled in the art of ship building, for example, by welding and the use of steel with through thickness properties. 

Preferably, the column supports 23, 24, 31 and 32 are connected to the horizontal box 27 with a haunch means 25, 26, 33 and 34, which transfers forces. In such a preferred embodiment, the skin or shell 51 of the column supports 23, 24, 31 and 32 flares in an inboard direction to create haunch means 25, 26, 34 and 33 (FIG. 8). Preferably, the included angle defined by the haunch means 25, 26, 33 and 34 and the horizontal box 27 is from about twenty to about sixty degrees. Most preferred, such angle is from about thirty to about forty five degrees. 

Preferably, the vertical bulkheads 54, 55 and 56 flare and expand in way of, haunch means 25, 26, 33 or 34. By flaring the vertical bulkheads 54, 55 and 56, additional support is provided to resist transverse forces. Additional support members 81 may also be provided internally to support columns 23, 24, 31 and 32 as shown in FIG. 10c. Further, horizontal support members 82 are preferably included within the support columns 23, 24, 31 and 32 to maintain the structural integrity of support columns 23, 24, 31 and 32. 

Thus, the combination of elliptical columns, internal bulkheads and haunch supports provides a stable structure capable of resisting transverse forces. Beneficially, the transverse forces are adequately resisted without diagonal and horizontal support members. Accordingly, the present invention is well suited for multiple services, including transit, exploration, intervention, repair, installation and removal. 

In another aspect of the present invention, there is provided an improved structural design which provides additional support to the horizontal box 27 described above. Traditional designs utilize a deck structure with exposed stiffeners. The stiffeners are required to prevent buckling of the deck. The stiffeners are exposed to corrosion. 

The current invention discloses a double bottom structure capable of withstanding greater loads than traditional designs, while protecting the stiffeners 121 (FIG. 11) from corrosion. In a preferred embodiment, the improved deck design includes a wet deck 28, a second deck 29 and a first deck 124. Collectively, the wet deck 28, second deck 29 and first deck 124 define an improved horizontal box 27. Preferably, stiffener 121 connects second deck 29 and wet deck 28. In addition to providing increased resistance to the transverse forces, wet deck 28 provides an environmental barrier which limits the exposure of stiffener 121 to environmental conditions, and, thus, susceptibility to corrosion. Further, the double bottom space defined by wet deck 28 and second deck 29 creates space for storage, including fluid storage. Moreover, the double bottom space provides enhanced damage stability protection. 

In another aspect of the present invention, there is provided an improvement which addresses the stability concerns related to the transition point. When submerging a semi-submersible vessel via ballasting, the point at which the pontoons of a semi-submersible vessel are first completely submerged is known as the transition point. At the transition point, the stability of the vessel is dramatically reduced. Thus, it is desirable to minimize the effects of the transition point and improve the stability of semi-submersible vessels. 

The current invention discloses a flared skirt 72 (FIG. 7) along the major axis 52 of the support columns 23, 24, 31 and 32. Flared skirt 72 increases the water plane area at the transition point and, thereby, minimizes the decreased stability which otherwise occurs at the transition point. Stated otherwise, flared skirt 72 acts as a buffer and provides a more stable transition of a semi-submersible to the normal operating draft. 

Preferably, the angle defined by the flared skirt 72 and pontoon member 20 or 21 is at an angle from about thirty to sixty degrees. Most preferred, such angle is from about thirty-five to forty-five degrees. 

In addition to providing increased stability at the transition point, the flared skirt 72 streamlines the respective intersection of support columns 23, 24, 31 and 32 and pontoons 20 and 21, thereby further reduces hydrodynamic drag. The flared skirt 72 may also be flared along the minor axis 53 of support columns 23, 24, 31 and 32. However, the more preferred embodiment does not include a flared skirt along the minor axis 53 because the added stability at the transition point does not merit the increased hydrodynamic drag created by a flared skirt along minor axis 53. 

The invention may be further defined by the dimensions of the semi-submersible vessel which embodies a most preferred design. In a most preferred embodiment, the pontoons 20 and 21 are approximately ninety five meters long, eight meters tall and thirteen meters wide. The support columns 23, 24, 31 and 32 are approximately fourteen meters tall, with a minor axis 53 of nine meters and a major axis 52 of eighteen meters. Preferably, the support columns 23 and 24 and 31 and 32 are transversely spaced forty three meters apart and support columns 24 and 31 and 23 and 32 are longitudinally spaced forty six meters apart. Preferably, the haunches 25, 26, 31 and 33 commence on the support columns 23, 24, 31 and 32 about ten meters above the pontoons 20 and 21 and connect to the horizontal deck 27 at angle. Support columns 23 and 24 are preferably placed sixteen meters behind the bow 71 of, respectively, pontoon 20 or 21. Similarly configured vessels may be optimally defined by ratios similar to those of the components described above and set forth in the figures. 

Preferably, the horizontal box 27 is sixty two meters long and fifty seven meters wide. Preferably, the inboard portion of pontoon 20 is approximately 32 meters away from the inboard portion of pontoon 21. Such a configuration allows for the incorporation of preferred living quarters, facilities and equipment shown in FIG. 9. Again, similarly configured vessels may be optimally defined by ratios similar to those of the components described above and set forth in the figures. Further, such a configuration is capable of supporting four thousand tons of variable deck load, abundant thruster power and large fuel, ballast and well product tanks. 

The most preferred embodiment also includes a helicopter landing pad (not shown) moon pool 91, living quarters 92, traction winches 94 and medical facilities 95. Preferably, noise generating equipment 96 is located at the stern end of the vessel and living quarter 92 are located at the bow end of the vessel to provide more comfortable accommodations for crew members. 

Loading 

In another aspect of the present invention, there is provided an improved method for underslinging loads from a semi-submersible vessel. Because the vessel which embodies the current invention does not include horizontal or diagonal cross bracing, a barge (not shown) or other vessel may be placed directly under the moon pool 91 of the semi-submersible vessel. Cranes, winches, derricks and similar devices may drop a line (not shown) directly to the load. Because such a method does not require a separate lift vessel or use of keel hauling, greater loads can be more effectively handled. Examples of such handling include, raising a load, such as a well template, which can then be transported in an underslung position to an offshore site and then installed by the current invention. 

Referring now to FIGS. 12-17, preferred methods for using the semi-submersible vessel disclosed herein may be better understood. 

Loading Time 

A significant percentage of time and costs associated with installation and construction services offshore are embedded in "loading" time. As used herein, loading time includes time associated with waiting for weather, actual loading time for spooling product and transport of product to an installation, construction or decommission site. As used herein, product refers to any product which is spooled and used in connection with installation, construction or decommission ongoing services. Examples of product include pipe, umbilical, casing, conductors and synthetic rope. Loading time varies from vessel to vessel and project to project, but may be as high as sixty percent (60%) of a vessels useable service time. The present invention discloses improved methods for loading, installing and reloading product which minimize the need for loading time. The present invention provides a vessel which maximizes service time by reducing or transferring loading and de-loading time from the semi-submersible vessel to other equipment such as transport vessels. 

A semi-submersible vessel is ultimately a services vessel. Fees are typically billed on either a project or service day fee. By decreasing loading time, the time it takes for a semi-submersible vessel to complete any given project is reduced. By reducing project time, a project may be completed in a reduced time period and many additional projects may be undertaken. Stated otherwise, the reduction in project time decreases project costs and increase useable service time and potential profit. Methods and devices which reduce project time are highly desirable. Additionally, loaded product may weigh as much as 2,400 tons. Accordingly, new methods and devices that provide safe and reliable ways to load semi-submersible vessels without undue risk of collision or significant 

increases in moment forces are highly desirable. 

Transport Vessel 

As shown in FIGS. 13a, 13b and 13c, the absence of cross bracing on semi-submersible vessel 1 allows for the positioning of transport vessel 200 and its associated product 200 underneath semi-submersible vessel 1. In a preferred embodiment, a transport vessel 100 is used for loading and reloading the semi-submersible vessel 1. The transport vessel 100 may be docked and loaded with product in manners well known to those skilled in the art. Once loaded, the transport vessel may travel to the semi-submersible vessel 1 located offshore. Because a transport vessel is relatively immune to weather restrictions when compared to a semi-submersible vessel, the elimination of weather from loading time significantly decreases overall loading time and costs. 

Many design challenges are associated with the safe positioning of transport vessel 100 underneath semi-submersible vessel 1. In particular the proper alignment and positioning of vessel 1 prior to and during the actual loading process are highly important. In order to overcome this design challenge, the preferred transport vessel includes alignment monitors 101 which control associated thrusters 102. A particularly preferred alignment monitor is a laser, although additional devices such as spring loaded hydraulic cylinders, physical guides and bumpers including roller bearings may be used. In operation, as the transport vessel 100, travels under semi-submersible vessel 1, while alignment monitors 101 continually monitor the location of pontoons 20 and 21 and columns 23, 24, 31 and 32 alignment monitors 101 control associated thrusters 102. By monitoring relative positions, an alignment monitor 101 may maintain safe clearance by compensating speed or direction of transport vessel 100 by increasing or decreasing power from its associated thruster 102. 

Preferably, semi-submersible vessel 1 also includes a reference source 90. Suitable reference sources 90 include laser generators, radio generators and normal docking mechanisms including mooring devices which may provide an additional reference point to alignment monitors 101. In addition to preventing possible collisions between the semi-submersible vessel 1 and transport vessel 200, the combined reference source 90 and alignment monitor 101 allow for proper alignment of product 200 with product loaders 300. 

Other design challenges relate to the stability of transport vessel 100. As discussed above, product may weigh as much as 2,400 tons. Accordingly, when the product is raised onto and from transport vessel 100, transport vessel 100 is subject to significant motion and inertical, sea, structural and loading forces. In order to minimize such forces, the preferred transport vessel includes motion suppression tanks 102. Preferably, motion suppression tanks 102 are located on both port and starboard sides of transport vessel 100. A particularly preferred suppression tank utilizes high volume low pressure compressor units. As illustrated in FIGS. 15E and 15F, accusation of compressor units (not shown) increases the pressure within motion suppression tanks 102 creating displacement force 103, which effectively displaces water from motion suppression tanks 102 and causes transport vessel 100 to be "air lifted" with reference to water plane 91. 

In a most preferred embodiment, transport vessel 100 includes active control devices such as a pneumatic valve control panel (Not shown), which continually monitor and maintain the position of transport vessel 100 relative to water plane 91 by actuating and de-actuating compressor units. For example, as product is gradually unloaded from transport vessel 100 as described below, the total weight and associated water displacement of transport vessel 100 is decreased. In order to maintain the positioning of transport vessel 100, control devices may cause compressor units to decrease displacement force 103, thereby maintaining the equilibrium transport vessel 100 by maintaining the total net forces from water plane 91, total weight and displacement force 103. 

Product Loading 

Referring now to FIGS. 12A, 12B, 12C, 12D, 14A and 14B, the loading of product 200 from transport vessel 100 onto the underside of semi-submersible vessel 1 may be better understood. 

Once the transport vessel 100 is properly positioned under the product loaders 300, the loading of product 200 may commence. Preferably, product loaders 300 are either vertical hydraulic cylinders or chain jacks. Chain jacks are highly efficient; relatively inexpensive and well suited for gradually raising product 200. Suitable alternatives to hydraulic cylinders and chain jacks are known to those skilled in the art to include linear pullers, traction wenches and ballasting the vessels to meet each other. 

A female receptacle 302 may be attached to the end of chain jack 301 and lowered towards product 200. Preferably, product 200 is loaded on reel 201 and positioned in cassette 202. Female receptacle 302 engages adapted male member 303. Once engaged, female receptacle 302 is secured to male member 303 with locking pin 304. Of course, the respective positioning of female receptacle 302 and male member 303 may be reversed. Alternatives to the male/female combination are well known to those skilled in the art and include hook and loop and rails, guides and shackles. 

Once engaged, reel 201 and cassette 202 are gradually raised upwardly toward the underside of semi-submersible vessel 1, fastening device 305 and an associated interlock (not shown) are then aligned and engaged such that reel 201 and cassette 202 are secured to the underside of semi-submersible vessel 1. 

Preferably, reel and cassette 200 includes spindle 04, and a semi-submersible vessel 1 and includes a corresponding receptacle. The spindle 204 acts as a stabbing point, which may be secured by internal hydraulic locking pins (not shown). The spindle 204 and corresponding receptacle provides additional alignment and securing support. 

The method described herein is well suited to loading a variety of apparatus to the underside of a semi-submersible vessel such as reels, sub-sea template and manifold protection houses. 

Installation 

Referring now to FIGS. 14a, 16a, 16b, 16c, 17 and 18, a method for installing product from underside loaded product may be better understood. 

Lead line 400 is attached to winch 406. Lead line 400 travels from winch 406 to a turning sheave onto pulley 405 to the reel and cassette system 200. 

Once product is attached to lead line 400, the force of winch 406 gradually unspools product from reel 401 through alignment device 409 and about main pulley 405. Once product is about main pulley 405, product may be associated with a deadweight and gradually installed in a manner well known to those skilled in the art. 

Alignment device preferably includes a pulley 407 and feed apparatus 408, whereby product is continually fed without undue stress. 

Semi-submersible vessel 1 and the described method is well suited for continuous installation of product. The derrick may be attached to product being loaded from reel and cassette 200. The derrick may be used to maintain product, in a constant position. A second spool of product may then be loaded form reel and cassette 420. Product fed from reel and cassette 420 may be aligned with product fed from reel and cassette 200 and secured together by welding or other ways well known in the art. Once secured, product may continue to be installed. 

Air Support 

The frictional force caused by the turning of reel and cassette 200 at interface 220 is relatively high. Such frictional force may cause failures if bearings or other typical devices are used at intersection 220. In order to reduce failures, the preferred embodiment of reel and cassette 200 incorporates an air cushion at interface 220. 

An air cushion may be created by compressors and other ways well known to those skilled in the art. The effective force of the air cushion must be greater than the combined weight of the reel and, its associated product distributed over the surface area of base 221 and reel 201. 

At times, it is desirable to simultaneously install two different products. Two different products may be simultaneously installed with the present invention by first loading product from reel and cassette 200 and then securing product with a derrick as described above. A second spool of product may then be loaded from reel and cassette 420. Product fed from reel and cassette 420 may be associated with product fed from reel and cassette 200 by technologies such as welding. Once the respective products use associated, they may be simultaneously installed by securing a dead weight and lowering the same into the installation site. Of course, the deadweight may be secured before the respective products are associated. 

Adaptable Reel 

Preferably reel 201 has an adaptable diameter as shown in FIG. 20. The adaptable diameter allows reel 201 to be used with a variety of cassettes and applications. 

The present invention, therefore, is well adapted to carrying out the objectives and obtain the ends and advantages mentioned, as well as others inherent herein. All presently preferred embodiments of the invention have been given for the purposes of disclosure. Numerous changes in the detail of construction may be made which will readily suggest themselves to those skilled in the art and which are encompassed within the spirit of the invention and the scope of appended claims. 
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