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Purpose

The purpose of this document is to outline the concepts under consideration for AUV launch and recovery system interface.  Perceived advantages and disadvantages of each concept are listed.  Input from the MBARI science stakeholders is presented.  

LRS Interface concepts

All of the concepts presented involve attaching a tow cable to a point on the vehicle and towing it into a capture mechanism.  The configuration of the capture mechanism and the vehicle interface to the system are inherently coupled.  Once the nose of the vehicle is coupled to the capture mechanism it will be drawn through the lifting straps to the lift position and then lifted to a completely captured state by the lift straps.

The nose capture mechanism concepts presented are:

1.  Integral latch and bumper (BOT mech concept 1).

2.  Compliant saddle shaped bumper with integral latch. (BOT mech concept 2).

3.  Compliant cone shaped bumper with integral fairlead (BOT mech concept 3).

(These concepts are outlined along with some pros and cons from BOT point of view in Steve de Belie’s email of 04/25/2002 -- attached as an appendix)

Evaluation of Concepts

Concepts were evaluated in the following areas:

1. Towing – refers to vehicle behavior under tow

2. Towline engagement – refers to attaching tow cable to vehicle from ship

3. Capture – refers to vehicle engaging capture mechanism

4. Simplicity – refers to number, complexity, and size, of parts composing vehicle interface 

5. Access to nose – refers to science payload volume and mass available at tip of nose of vehicle

The first two concepts differ from the third in that the engagement of the vehicle to the capture mechanism can be accomplished with the vehicle under tow from a point other than the tip of the nose.  Observations of the vehicle tow performance and in particular its tendency to tow off axis and pitch down lead to the conclusion that if the vehicle is to reliably engage a cone shaped capture mechanism (as in Concept 3) then the tow point must be located very close (~2 inches) to the tip of the nose.  

Of the first two concepts only Concept 1 is deemed structurally viable by BOT.   

Concept 1 – Integral Latch and Bumper

A conceptual model of concept 1 is shown below in Figure 1.    In this model the vehicle tow hook is 4 inches long and is mounted to a fixed vertical bulkhead located 10 inches aft of the tip of the nose. Note from the hull lofting table below that this places the hook one inch above the nominal waterline.  The proposed tow hook location is nearly identical to the location of the bulkhead in the ALTEX vehicle nose section.  

The primary advantages of this concept are simplicity of engagement, lack of moving parts, and minimization of impact on the vehicle design.  The engagement of the vehicle with the capture mechanism is achieved through gradual reduction of the amount of tow cable payed out.  Engagement with the padded lower surface of the capture mechanism is ensured through the integral fairlead.  Engagement is robust with respect to perturbations in vehicle attitude. Engagement is secure but compliant.  Impact on vehicle payload mass and volume have been minimized,  particularly in the thin boundary layer region of the hull at the forward extreme of the fairing which has been identified by science stakeholders as desireable for instrument location and plumbing intake.

The capture mechanism is of straightforward construction.  It has the advantage of being designed to engage the vehicle from above, which reduces the amount of vertical travel required for the capture mechanism.  Another benefit of engaging from above is that the vehicle can be brought into engagement with the capture mechanism well above the mean water line, resulting in an upward angle on the tow cable, which has been observed to produce the most stable vehicle tow performance.

Science stakeholders have expressed a preference for this concept.  See email Tervalon 15 May 2002 attached as an appendix.
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Figure 1.  Model of concept 1 showing capture mechanism with compliant surface and integral fairlead. 
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Figure 2.  Side view of model of concept 1.

A potential disadvantage of this concept is vehicle tow performance.  It may be mitigated by the angle with respect to the horizontal that the tow cable takes between the vehicle tow hook and the fairlead in the capture mechanism.  Observations of vehicle tow performance (though not with the tow hook at this identical location) show that there is a tendency for the vehicle to maintain a nose-down attitude.  Concept 1 mitigates that fact by permitting engagement with the capture mechanism in a nose-down attitude.

Another potential disadvantage of this concept is the attachment of the tow cable to the vehicle from the ship.  The tow hook will be very near to the waterline and certainly periodically submerged in all but the most calm of conditions.  This could be mitigated by placing the tow hook further from the nose but such a move would have to be carefully traded off against the extra size and moment arm of the correspondingly larger capture mechanism.  Anecdotal evidence suggests that tow performance is also loosely correlated with tow hook position, and that very poor performance results when the tow hook is too far aft.

Concept 3 – Cone Shaped Capture Mechanism with integral fairlead

Figures 3 and 4 below show two views of a model of concept 3.  Visible are the cone shaped capture mechanism with integral fairlead and the sliding tow hook on the dorsal surface of the upper nose fairing.  

Observations of the vehicle tow performance and the geometry of the forward section of the AUV hull indicate that the tow point must be very close to the tip of the nose of the vehicle for the engagement of the hull into the capture mechanism to be reliable. The tip of the nose is about 10 inches below the nominal waterline of the vehicle, which makes attachment of the tow cable difficult.  A translating tow hook on a sliding track has been proposed, enabling reliable attachment of the tow cable and reliable engagement of the vehicle into the capture mechanism.

The advantages of this concept are the reliability of engagement into the capture mechanism, the performance of the vehicle under tow, and the accessibility of the tow hook on the vehicle for line attachment.  The vehicle is reliably engaged with the capture mechanism through gradual reduction in the length of tow cable payed out.  Engagement is robust with respect to perturbations in vehicle attitude.  Engagement is secure but compliant.  Tow performance is optimized by towing from a point as far forward as possible.  Reliability of tow cable attachment is maximized by mounting the tow hook as high as possible on the hull in its aft position.

The vehicle interface to this concept is more complex, more massive, requires more volume, and more prone to failure than that associated with concept 1.  Science stakeholders rated this option second to that proposed for concept 1. 

The capture mechanism is more massive than the capture mechanism proposed in concept 1.  It requires greater vertical compliance due to the fact that the vehicle is designed to engage the capture mechanism with the hull cross section concentric with the cone. 
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Figure 3.  Model of concept 3 showing primary components.
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Figure 4.  Side view of model of concept 3.

Appendix A. -- Dorado AUV hull lofting:
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Appendix B- BOT AUV Latching Concept Review

AUV LATCHING CONCEPT REVIEW:

Basic principles:

· The prime function of the latch mechanism is to place the AUV in a fore and aft location under the hoisting frame.  This is to ensure that the CG of the AUV is in a predictable location relative to the hoisting frame, and also that the hoisting straps contact the AUV hull within an acceptable area.

· The secondary function of the latching mechanism is to help guide the nose of the AUV through the straps and hoisting cables safely, with no fouling or snagging.

· Any tow hook or attachment point must be 24” behind the tip of the nose cone of the vehicle, due to nose space restrictions.

· It is not practical to restrict the motion of the AUV using only the nose of the vehicle.  The motion of the AUV does not require restriction other than in a fore and aft position to locate it in the straps.

Implications of these requirements:

· Locating the vehicle accurately using only the towline is ineffective due to the large changes in towline length that result from normal oscillations up and down of the AUV.  This is exacerbated by the sharp angle on the towline as the AUV nears the stern of the lifting vessel.  To accurately locate the AUV in the same position in the straps, while still allowing it to move up and down requires a vertical slide device of some kind.  This restricts fore and aft motion, but allows motion in any other directions.

· If the vertical slide device contains the latching mechanism, and this slide can then be moved from the aft end of the capture mechanism to the front, it will provide a controlled method of guiding the nose of the AUV through the straps and hoses.  This requires some extra complexity (slides, rails and locks) but will provide a large amount of security in operations in higher sea-states.

· Towing the vehicle from a point on the top of the AUV, at about 24” back from the nose of the vehicle may not provide the best vehicle control under tow.  This has been the case in BOT’s experience with other similarly towed bodies.  Any capture mechanism that receives an AUV towed from this point must be able to accommodate large angular misalignments between the AUV and the towline/latching mechanism.  The potential for angular misalignment between the AUV and capture frame due to this towing point, increases the need for a controlled method of guiding the nose through the straps of the hoisting mechanism. 

CONCEPT REVIEW:

CONCEPT 1: HOOK LATCHING BEHIND THE VERTICAL SLIDE

Refer to Drawing No. 01590033.

In this concept, the tow hook is located on the top surface of the AUV, and is extended passively using changes in static pressure at depth.  The tow hook is snagged using a loop of towline, with a mating ball that seats itself in the tow hook.  The AUV is now under tow. 

The latching mechanism is mounted on the vertical sliding carriage, and has a triangular support frame extending aft, to a small latching block.  This frame is sized so that when the AUV is latched, it can not contact the vertical slides at any angle of deflection.  The latching block is free to rotate and pivot in 2 dimensions, and has the towline reeved through it.  The bottom of the block has a layer of padding to absorb any impact with the top of the AUV.  As the towline is pulled in, the block will self-align with the tow hook on the AUV, and the hook will be guided up and around the latching bar on the block, using towline tension.  Once latched, the vehicle is controlled and has only one contact point with the frame – through the tow hook.  It is free to rotate reasonably and is easily guided through the lifting straps by pulling the carriage forward to its stops, using towline tension once again.  The keeper on the tow hook contains the vehicle and maintains the latching integrity during this process.

PRO:

· Positive latching of vehicle.

· One point of contact on vehicle.

· Keeps vehicle a safe distance from vertical slides.

· Accommodates large amounts of misalignment of towed vehicle.

· No contact with nose.

· All inertial forces taken by hook pivot.

CON:

· Relatively heavy, complex mechanism.

· Transmits twisting loads to vertical slide bars.

CONCEPT 2:  HOOK LATCHING BETWEEN SLIDE RAILS, WITH SOFT SADDLE

Refer to Drawing No. 01590034.

Similar to concept 1, the tow hook is located on the top surface of the AUV, and is extended passively using changes in static pressure at depth.  The tow hook is snagged using a loop of towline, with a mating ball that seats itself in the tow hook.  The AUV is now under tow. 

The latching mechanism is mounted on the vertical sliding carriage, and consists of a soft saddle shape that generally matches the shape of the AUV hull.  This assembly sits between the two vertical sliding bars.  In the middle of the saddle is a latching bar assembly that engages with the tow hook.  This engagement is achieved again by pulling the AUV into the saddle using the towline and a fairlead, and the shape of the saddle assists in bringing the two into contact.

PRO:

· Large soft contact area on AUV hull

· Positive latching of AUV

· Minimal contact with nose of AUV  

· Overall length shortened by bringing latch point between vertical bars.

CON:

· Spreads vertical guide bars apart substantially, which widens overall width of capture frame.  This then increases the cantilevered loads taken by the entire J-frame lifting assembly.

· Tends to restrict the side to side motions of the AUV – not necessary and places large stresses on vertical bars.

CONCEPT 3:  LATCHING TOWLINE ONLY

Refer to Drawing No. 01590038.

Similar to concept 1&2, the tow hook is located on the top surface of the AUV, and is extended passively using changes in static pressure at depth.  The tow hook is snagged using a loop of towline, with a mating ball that seats itself in the tow hook.  The AUV is now under tow. 

The latching mechanism is mounted on the vertical sliding carriage, and consists of a soft saddle shape that generally matches the profile of the AUV nose.  This assembly sits between the two vertical slide bars.  Above the middle of the saddle is a towline fairlead and socket assembly that engages with a ball that is crimped on the towline, about 24” ahead of the end fitting on the towline.  The towline is brought in under tension, and just as the nose of the AUV contacts the saddle shape at the slide bars, the ball on the towline engages with the socket and locks the AUV a fixed distance from the nose saddle pad.  The AUV is then free to move around laterally, but as long as there is forward motion through the water providing tension on the line, it will tend to stay in the same place relative to the hoisting frame.  Forward inertial loading is absorbed by the nose and the soft pad against which it rests.

PRO:

· Simple mechanism.

· Plenty of freedom of motion of AUV, transmits less loading to vertical slide bars.

CON:

· Allows more fore and aft motion than other concepts.

· Uses the nose cone to absorb forward impacts/inertial loads.

CONCEPT 4:  FORWARD HINGING BAIL

Refer to Drawing No. 01590036.

Unlike any of the previous concepts, this method uses a hinging metal hoop, or bail, that hinges from a pair of points on the centerline of the AUV, on either side of the casing, just behind the nose cone.  On the apex of the hoop is a tow hook.  It is normally hinged back behind a fairing built on the top surface of the AUV hull, and is shaped to match the hull profile as closely as possible.  When the AUV surfaces, it is rotated forward into a vertical position using the same differential pressure device described previously.  At this stage, it protrudes 12” or more above the AUV, and provides a clear target onto which the recovery crew can latch a towline.  

The hook is snagged using the same trailing loop method used in previous concepts.

As tension comes on the tow line, the bail continues to rotate forward until it locks in place, projecting forward around the nose cone of the AUV.  The AUV is now under tow, and it is anticipated that this method of towing will provide much more predictable behavior of the towed body.  

The latching mechanism is mounted on the vertical sliding carriage, and consists a latching bar and guide assembly that engages with the tow hook. This assembly sits between the two vertical slide bars.  The AUV is brought into the mechanism using tow line tension, and a towline fairlead guides the tow hook into and around the latch bar.  Once the vehicle is latched, it is free to rotate reasonably as in previous concepts, and is easily guided between the lifting straps.  All inertial loads are taken by the pivot points on either side of the AUV body.

PRO:

· Bail protects the nose cone of vehicle.

· Anticipate easier towing (could be advantageous in case of emergency recovery by other vessel).

· Potentially easier release at any stage of launch or recovery.

· Brings towing and inertial loads to two points behind nose of vehicle.

CON:

· Drag from external bail.

· Exposed external linkage on AUV (may snag debris or sustain damage).

· Relatively complex locking/hinge extension mechanism on AUV.

CONCEPT 5: AFT HINGING BAIL

Refer to Drawing No. 01590037.

Similar to Concept 4, this method uses a similar hinging metal hoop, or bail, but places it at the stern of the AUV.  It is normally hinged forward behind a fairing built on the top surface of the AUV hull, and is shaped to match the hull profile as closely as possible, and yet clear the propulsion nozzle adequately.  On the apex of the hoop is a tow hook.  When the AUV surfaces, it is rotated aft into a vertical position using the same differential pressure device described previously.  At this stage, it protrudes 12” or more above the AUV, and provides a clear target onto which the recovery crew can latch a towline.  

The hook is snagged using the same trailing loop method used in previous concepts

As tension comes on the tow line, the bail continues to rotate aft until it locks in place, projecting back around the tail of the AUV.  The AUV is now under tow backwards.  It is anticipated that this may be a more feasible method of attachment and towing since it avoids the sensitive instruments in the nose cone; and may be able to tie in to the structural features present around the propulsion system.

The latching mechanism is identical to the one described in Concept 4.  

PRO:

· Possibly a stronger towing point.

· Possibly provides greater clearance from antennae/sensitive parts of AUV. 

· Potentially easy release at any stage of launch or recovery.

· Potentially less drag than forward bail due to turbulence at rear of AUV.

· Brings towing and inertial loads to two points at rear of AUV.

CON:

· Drag from external bail.

· More involved bail shape to accommodate propulsion nozzle.

· Exposed external linkage on AUV (may snag debris or sustain damage).

· Relatively complex locking/hinge extension mechanism on AUV.

· Potential problems from towing vehicle backwards.

· Potential problems from pulling aft mounted antennae through hoisting straps.

CONCLUSIONS:

A sliding latching mechanism that locates the nose or tail of the AUV is required to guide the AUV safely through the straps and hoses of the hoisting mechanism.  Also, the requirement for a vertical slide must be maintained to allow for reasonably accurate fore and aft positioning under the capture frame.

The use of a padded saddle around the body of the AUV (Concept 2) has merit, however it moves the vertical slide bars too far apart to allow for a reasonable frame size.  It also places large torsional loads on the vertical slide bars and frame.  It is considered to be less viable than other concepts for these reasons.

The use of a pivoting, hinged latch point protruding off the aft end of the vertical slide (Concept 1) provides reasonable clearance between the AUV and frame, but induces increased loading of the vertical slide bars due to the extension frame that holds the AUV away from the slide bars.  With careful design this should not be insurmountable.  Although the device is more complex than some others, it is composed of basic pivots and joints and should not pose serious technological challenges to design, build or operate.  This design appears to be viable and functional.  Basic testing and further design refinements will determine final viability.

Latching only the towline is elegant in its simplicity and ease of use.  The biggest negative factor in this approach appears to be the use of the nose cone to absorb all forward momentum against a soft pad.  Another issue that requires further examination is whether this approach restricts motion in a fore and aft dimension sufficiently to allow for a reliable lift configuration.   If these issues are addressed and acceptable from the AUV design point of view, then this method could provide a reasonable approach.  This approach requires some slow forward motion provided by the lifting vessel to maintain towline tension.  An option for reducing forward inertial loads is to pick up another cable from the capture mechanism as the slide frame is drawn forward.  This line can then lead aft and be used as a spring or arresting line to reduce forward loads on the nose cone.  Alternately, a hard point or dedicated bumper designed to absorb the inertial loads could be built into the nose cone of the AUV.  A further option would be an automatically deployed sea anchor from the stern of the AUV, providing aft drag to maintain towline tension as the vehicle is pulled forward slowly by the recovery vessel.

Using an AUV mounted hinging bail as a tow line attachment point has significant advantages from a towing point of view, in that it is anticipated that it will be much easier to tow than other concepts.  This may be useful if the AUV is to be towed significant distances, or a recovery is attempted by a vessel not outfitted with the recovery system.  Additionally, the use of quick release catches on the latch mechanism allow for complete release at any time during the launch or retrieval operations.  This comes at the cost of having two more small trip lines to handle during operations, and also introduces the risk of having the AUV released accidentally by unintentionally fouling or pulling on a trip line.  These may be acceptable risks from an operational perspective.  The bail concept also provides good protection for the nose of the vehicle.  Both bail concepts do require an exposed linkage on the AUV, which could foul debris and will present more drag during AUV operations.  This could be minimized with careful design and fairing.  The hinge and locking mechanisms for the bail arms are also relatively complex, but not impossible to design and build.  If the drag and exposed linkage issues are acceptable during AUV operation, this approach may prove to be quite reasonable and requires further examination.

Appendix C – Minutes from AUV Science Stakeholders Meeting 14 May 2002

Attendees:  Francisco Chavez, John Ryan, Drew Gashler, Steve Haddock, Christy Schnitzler, Tom O'Reilly, Nicole Tervalon, Ken Johnson, Erich Rienecker

Farley was out with the flu, but left the following description of his objective for the meeting:

-----Original Message-----

From: Shane, Farley 

My objective for the meeting is to clarify what instrumentation is anticipated to be used in the nose, and even more critically, which instruments or inlet/outlet must non-negotiably be placed at the absolute nose apex for functionality. 

In order for us to proceed with design of the vehicle latching for launch and recovery, we must know what area/volume is sacrosanct. Currently, for the latch and recovery we are interested (The design is conceptual at this point, but we want to change that quickly) in an area about 3" wide extending on the vehicle centerline from about 3" back from the nose about 20". We have been looking at either a rail section (About 2" deep that would follow the contour of the vehicle right beneath the skin), or a fixed retrieval point (Located higher on the vehicle and not requiring the aforementioned 3" x 20" area. 

Defining the required science area and allowable area for latching has been a circular chicken and egg issue.  This meeting should clarify the needs rather than the desires. Everyone would probably WANT front and center of the AUV but what is really NEEDED.

------------------------------------

The options for the pick point to be incorporated into the vehicle which we discussed were:

1. a nose bail identical or very similar to the one currently used for vehicle recovery

2. a fixed retrieval point located at some distance along the vehicle centerline up from the nose

3. a translational pick point located in a track as described by Farley above

4. a suggestion to move the fixed pick point into the very forward portion of a midbody located directly behind the nose section

We had a lengthy discussion trying to understand why the nose section was important real estate for both the launch and recovery system as well as science sensors (in general).

It was pointed out that the primary reason for trying to accommodate a pick point in the nose section was because future AUVs are expected to interface with the launch and recovery system currently being designed for use aboard the Zephyr.  This system is predicated on having a tow point used to draw the AUV into a 'soft' dock located near the front of the vehicle.  Once constrained in this limited way, soft straps will be drawn tight around the vehicle to fully constrain its motion.  Once the vehicle is secure, it can be raised out of the water.  The complexity of this system is partly due to a requirement that the system be able to recover an AUV in rougher seas than the currently used recovery method can accommodate.  This will reduce weather related constraints on AUV use.

It was decided to focus discussion of instrumentation to that which is already under development or being studied as part of currently supported projects.  The following  is a list of the instruments with a comment on whether they need access to the very front nose section of the AUV (2 = needs nose access, 1 = want nose access, 0 = don't care)

Conductivity (pumped) : 2  [needs to be as close to temperature as possible]

Temperature (pumped) : 2  [needs to be at entrance to pumped system]

HS2 (fluorescence and backscatter) : 0.5 - 1

Dissolved oxygen (pumped) : 0  [can be downstream in pumped system]

ISUS (pumped) : 0  [can be downstream in pumped system]

Bioluminescence (pumped) : 0 for the instrument, 2 for the pump intake

LIST (pumped) : 0 for the instrument, 2 for the pump intake

Video transect : unknown, but expected to be a 2

Based on this list it was generally agreed that setting aside a limited region of the nose section for a tow point was feasible.  Of the first three options for the type of pick point used that are described above, #2 was the most favorable with the caveat that the pick point be moved as far aft as possible while still allowing reasonable towing behavior, #3 was the next most feasible, but it has the down side of requiring more real estate than option #2, and option #1 was the least favored as it required the most sensitive region of the vehicle with respect to the science sensors, to also be the primary contact point for towing.

Other relevant comments that were brought up were:

It was suggested that option #4 regarding a tow point from the forward section of a midbody be considered by the engineering team.

Sensitivity numbers/statistics regarding the impact of adding tubing to the temperature inlet, thus allowing it to be placed further aft, would be helpful.  This was brought up because it was claimed that by adding this additional tubing, one sacrifices the resolution of the temperature, conductivity, and thus, salinity measurements made by the system.  A possible test for this would be to take the existing ALTEX nose and place an additional length of tubing on one of the pumped temperature inlets and compare data collected by each system during a mission.

Other sensors that were mentioned as possibly needing nose real estate in the future, but that weren't specifically used to make the recommendations above were:

pH, acoustic sensors for docking and/or obstacle avoidance, and turbulence probes

If I have missed anything, or misrepresented our discussions, please correct me.

I would request that Drew circulate an additional comment about the implementation of the new tow point into future nose sections and its potential impact on AUV missions scheduled for this year.

*cheers*

Nicole

