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Disclosure form for Intended Frangibility of an Underwater Vehicle Control Fin         
Title- Intended Frangibility of an Underwater Vehicle Control Fin         
Inventors-

James T. Scholfield – MBARI

Jon Erickson –MBARI

Purpose- A control fin needs to be strong and stiff enough to do its intended control function and hold its original shape during all encountered environmental conditions while under way as well as all normal activities encountered during ship born movements including launch and recovery of a vehicle such as an AUV or a controllable towed sled.   The only situation that deviates from this is avoiding a strong shock or stress imparted to the fin pitch control mechanism.  Fin control mechanisms can often be prone to damage from fin strike causing misalignment, binding, or worse, a complete failure of the mechanism.  Fin mechanisms are also often mechanically interlinked directly or indirectly on different axis, E.G. 90, 120, or 180 degrees.  Damage to one can cause additional loss of control in other axis.  

The intent of this technology is to provide sufficient stiffness of the fin structure to provide vehicle control and fin shape retention required but to also break away preserving the driving mechanism, when the fin is struck hard as in striking a rock  when under way or an inopportune  wave causes a loss of sway control of the vehicle during launch or recovery from the ship and the vehicle heavily strikes the ship hull or structure. 
Casual bumps to the fins whether mounted to the vehicle or not should have no effect.  

Description and Drawings of Invention-

After many discussions and trials of different materials and techniques, we arrived at the following solution for our particular application:  There are several images to clarify the process.
Our fin material of choice is BJB-854, a 2-part urethane which has good pour characteristics, usable work time, can take an added color (Fluorescent Orange for us), and has sufficient cured hardness, Shore 84 D. 

 Pour 1- Approximately 75% of the fin is poured and allowed to cure in the mold.    The intended fracture line is very close to the maximum depth of the Titanium insert which will be bonded into the fin for mounting to the vehicle. 

 Pour 2-a urethane based adhesive LocTite U-09FL is poured into the mold in a thin layer, approx. 0.07 inch thick and allowed to cure.  

Pour 3- BJB-854 for the balance of the fin volume and allowed to cure.

The fin is cast in a conventional split mold with the small end of the fin at the bottom.  This fin is ready to be removed from the mold.
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An earlier effort with a fin poured and cured properly with just BJB-854 had all the characteristics we desired except it was too strong.  The key to this layered structure fracturing when desired, is the adhesive layer.
Pictured is the completed fin with the Titanium insert installed.  The thin adhesive layer can be discerned about 1.25” above the base.
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The U-09FL  is a slightly flexible adhesive which in a thin layer will fracture at the bond line but if it is too thick, such as 0.15 inch, it is too forgiving and the fin will not fracture when struck firmly with the palm of the hand.  Admittedly, this firm strike with palm of the hand is a bit subjective but also gives good feedback as to how blow resistant a fin is.   With the fin clamped by the base in a vise,  it is struck laterally with a firm blow.   If it fractures too easily, this is discerned as little or no pressure on the palm.  Likewise, if too strong, it resists fracture and this is felt as a strong enough resistance to be uncomfortable.  Simply hanging weights progressively in a lateral direction to the fin axis is quantitative for strength but not for blow(impact) resistance.     The other adhesives, urethanes and techniques we tried were very obvious as being too weak or too strong with the firm blow technique.   A successful fin could also be deformed slightly by hand pressure and not fracture.  
A trial fin fractured as intended.  
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Related techniques and patents would include shear pins on outboard motor propellers; frangible links on towed arrays at sea to prevent damage to shipboard winches, parting of tow line on deck, etc.; breakaway links on engine mounts on large jet aircraft prevent wing damage by controlling how the engine departs the aircraft when the engine mounts fail during flight through extremely rough air;  small  RC airplanes often have rubber bands holding the wings on to prevent damage to the fuselage during very hard landings.  
A possible extension of this idea could be intended frangibility of surfboard, kite board, windsurfer, etc., fins so that upon striking a rock, for example, the fin fractures instead of severely damaging the board fin mount box as well.  This problem exists.  

Dates of conception and reduction to practice-
March 2009 – identified issue of request by users for intended fragility of fins for MBARIs’ long range AUV named Tethys   
 5/1/09- successful lab bench repetition of intended fracture of a fin with the 3 pour technique utilizing BJB-854 and Loctite U-09FL.
Sponsorship - None
Publication Dates - none
Manuscripts - none
