MBARI Ship of Opportunity AUV Launch and Recovery Specification

Summary

The Monterey Bay Aquarium Research Institute (MBARI) requires a portable launch and recovery system (LARS) for its AUV operations. The system will be temporarily installed on suitably sized oceanographic research vessels with freeboards ranging from 2 feet to 14 feet, and should be capable of recovering the vehicle in up to 25 knots of wind and 10-12 foot seas (sea state 5).  The system will utilize a suitably sized articulated hydraulic crane as the main moving component. The crane will be equipped with a capture head which restrains the AUV in all degrees of freedom, as well as a latching mechanism which secures the lifting wire when the vehicle is lifted into the capture head. The system should be shippable in a standard height 20 ft ISO shipping container. In addition, the capture head shall be adaptable to existing articulated cranes should the host vessel be so equipped.
The selected vendor will be responsible for providing system components, documentation (including a detailed BOM for spare parts purposes), and training. The full system will go thru factory acceptance trials at the vendor’s facility prior to shipping, followed by sea acceptance trials at MBARI using a suitable crane already mounted to an MBARI vessel.
AUV Specification

MBARI’s AUVs are of robust construction, with an external plastic fairing and a single point lift point suitable for picking the AUV from the water. The single point lift is of all titanium construction, and features a snap gate entry, allowing a line to be led thru it. Hard points are fitted at the nose as well for securing controlling lines. The vehicles are cylindrical in shape, and range from 14 feet to 18 feet in length. The dry weight of the AUV varies from 350kg to 700kg, and the weight can reach 890kg with entrained water.  Additional details are available upon request.
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Figure 1 MBARI Mapping AUV, 17.5' Length, 21 in Diameter
System Description
The resulting LARS system shall be comprised of the following elements:

1. ISO compatible shipping container with removable top lid & suitable hard points for securing LARS components

2. Articulated crane with extension of 7.8m or greater

3. Shipboard crane foundation suitable for bolt-down to 24’’ by 24’’ bolt pattern, 1’’/10 UNC fasteners. Minimum bolt depth into deck is .5’’

4. Hydraulic Power Unit (HPU) suitable to operate crane, mounted to independent base suitable for bolt down to 24’’ by 24’’ bolt pattern, 1’’ UNC bolts, with suitable hoses to interconnect to crane base
5. Unidirectional capture head with latching mechanism, pitch damping, and actuated slew axis.
MBARI has a large HPU in-house which may be suitable for this application, depending on crane model. If it is suitable, MBARI will furnish this HPU to the vendor, covering the necessary shipping costs to transport it to the vendor’s site. The vendor will be responsible for providing all other system components.

It is not anticipated that the system will be operated in extreme latitude situations such as the Arctic or Antarctic. 

Host Vessel Infrastructure
The host vessel will be capable of supplying 480V/3 phase power at appropriate amperage to the system. The mechanical interface between the ship and LARS will consist of a 24’’ x 24’’ OC bolt pattern of 1’’ UNC fastners (standard UNOLS bolt pattern). Both the shipboard crane foundation and HPU must interface to this bolt pattern. Welded installations are not possible, as oceanographic vessels do not allow welding to deck. Deck loading should not exceed 1200 lb/sqft in compression, and mounting bolt tension should not exceed 5000 lb per bolt. Mounting bolt shear should not exceed 5000lb per bolt. The vessel in many cases features crane lifting capacity up to 14,000 lb; the heaviest component of the system should therefore not exceed this weight to allow loading without an additional crane.

Many potential vessels of opportunity feature an existing articulated crane, and the capture head shall be adaptable to these cranes when possible. This avoids the costs of shipping the entire crane, foundation, and other elements of the complete system. Many of these cranes are HIAB 200 series cranes, although other cranes are possible. This issue is discussed more fully in the section on the capture head.

Shipping/Storage Container

All LARS components, including spares, shall be transported in a 20ft ISO shipping container. The preferred configuration is a top-loading shipping container, with end-loading doors and a removable steel lid. This will provide a high level of protection to the equipment while in storage, and facilitate rapid and safe unloading of the heavy elements via overhead crane picks. Reference dimensions (based on ISO) for such a container are:
· Length –

· Exterior: 19’10’’

· Interior:  19’4’’

· Height –

· Exterior: 8’6’’

· Interior: 7’9’’

· Width –

· Exterior: 8’0’’

· Interior: 7’9’’

· Max Payload – 48150 lb

The container should have the following features:

· transport foundation for crane

· tie down points and bracing sufficient to secure the crane during shipping

· tie down or bolt down points for the deck foundation and HPU

· tie downs for bulk storage containers containing spare parts

Because of the weights of the various components, this might require a highly customized container to not exceed floor loading requirements. In addition, the interior load should be reasonably well balanced in the container, to allow handling of the container via a forklift.

Articulated Crane

The articulated crane is the prime moving element of the system. It must be capable of lifting the vehicle from the water at full extension with a safety factor of 2. This requires a minimum safe dynamic working load of 1780kg at full extension, not including the weight of the capture head. When folded into its stowed configuration and mounted to its transport base, it must fit within the height and width constraints of the shipping container. Reach of the crane should be a minimum of 7.8m, although increased reach is preferred since it allows operation further away from the side of the vessel, or from a higher freeboard. The crane shall include a belly pack style remote control for essential crane functions. Ideally, this shall be an off-the-shelf remote. Capture head functions do not necessarily need to be integrated into the remote control, but can be located at the crane base. Preferred crane type is HIAB model 200 C-2, since this simplifies interchangeability of the capture head with other MBARI cranes. Other types of crane under consideration at MBARI for this application are the Palfinger Modem 18500MB. The crane shall be of marine grade construction.
The vehicle is lifted using a shallow entry J-style hook, similar to that used in the BOT system built for Thales. 

Shipboard Foundation

The crane will interface to the ship via a foundation which mounts to the 24’’ by 24’’ deck bolt pattern. This foundation will distribute the weight of the crane and the reaction forces from crane motion so as not to exceed the deck mechanical limits. The foundation structure will incorporate lift points allowing it to be easily handled via overhead crane lifts, and will bolt down into the shipping container for ease of transport. The foundation shall be constructed of steel, blasted and painted for marine service.

Hydraulic Power Unit
The hydraulic power unit (HPU) shall operate from 480V/3 phase power supplied by the host ship. The unit shall meet the flow and pressure requirements recommended by the crane. The HPU shall be mounted to a base skid appropriate for bolt-down mounting the the ship’s deck bolt pattern.

MBARI has a large HPU available for this project, and will work with the vendor to determine whether it is appropriate based on the crane selected. MBARI will furnish this HPU to the vendor if appropriate for integration and testing of the system.
Capture Head

The capture head consist of the following elements:

· flange-mounted adapter which interfaces the head to the outer boom section of the crane

· a passively damped pivot about the horizontal axis normal to the crane boom, allowing the load to hang vertically as the crane is articulated

· a sheave over which the lifting wire is led

· a latching mechanism which supports the load independent of wire tension

· a hydraulically actuated slew axis which can rotate the AUV in the horizontal plane, even with wire tension applied

· an unidirectional capture saddle which cushions the vehicle and restricts in motion

In order to keep the system as simple and minimize control functions at the head, the latch mechanism shall be operated via a small lanyard (rather than as an electro-hydraulic function). Once the lanyard is pulled, the latch is ready to release. Lifting vehicle weight off the latch mechanism should then cause it to release, so that wire can be fed out to launch the vehicle. When recovering the AUV, the latch mechanism should automatically latch the wire when it has been pulled in sufficiently. The slew axis shall be independent of the wire sheave, allowing wire tension to be applied regardless of vehicle orientation.
Since the head may be integrated onto existing shipboard cranes, it is important not to compromise basic crane functions. The capture head shall be designed to accommodate the safe working load of the crane at minimum extension (7000kg for a HIAB 200 series)

Launch Scenario

During launch, the capture head is positioned over the AUV lift point and wire is fed out. A launching line is led to the J-hook, allowing it to be pulled free once the AUV is in the water. The hook is inserted into the AUV’s lift point, and the vehicle lifted until it is restrained against the saddle and the hook latches. Wire is then fed out to ensure that the latch is secure.
The crane operator then slews the crane and booms out until the boom is positioned perpendicular to the rail, with the vehicle above the seas. The unlatching lanyard can now be pulled. The crane operator whips up wire until the latch releases, then whips down to lower the vehicle into the water. Once the vehicle is in the water and the hook is unloaded, the launching line leading to the hook is pulled to free the hook from the AUV. The ship then maneuvers clear of the AUV

Recovery Scenario
Two operators are required for recovery, one to operate the crane, the other to handle clipping a line to the AUV lift point. The ship maneuvers alongside the AUV, with the AUV to weather. A messenger line, leading to the crane J-hook, is snapped thru the AUV’s lift point using a long crescent shaped pole (the same pole used in our Zephyr recoveries). The vessel can then slowly fall off to leeward, while the messenger line is tended. The crane operator maneuvers the crane as necessary to position it over the AUV. The messenger line operator maintains tension on the messenger, which also guides the AUV to the lifting hook. The messenger operator can then apply tension to cause the J hook to engage into the lift point. The crane operator can then whip up wire to lift the AUV clear of the water, up into the capture head, where the wire is securely latched. The crane is then articulated, and vehicle slewed, to position the vehicle over its deck cradle. The second operator can then manually activate the latch, allowing the crane operator to whip up, unlatch, and lower the vehicle into place.  
