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FOCE RECOVERY 11/30/10,      CORROSION OF FAN SYSTEM AFTER 7         





MONTHS AT MARS SITE         
All parts are SS 316 except where noted:    Please look at numerous images also.
Background,  Tensioner Allenaire cyl. Early on did not show sufficient ease of rod movement to react to movement and maintain tension in the chain.  I suspected the rod seal had increased friction due to 4 deg C.  This system worked fine in the lab.    After several months,  the idler sprockets showed alignment problems we now know due to collars loosening up. Both ends completely failed within 2 weeks of each other about 6 mo.into the deployment.  When the 2nd one failed  I was suspicious of corrosion issues. 
 Suspicions we were dealing with significant Crevice induced anaerobic Corrosion of even our SS 316 parts were confirmed soon enough.
Recovery day 11/30/10, 2 - 3/8 “ ID collars were recovered from the mud. One at each end of where FOCE had been.  On the ascent we seemed to have also lost both of the tensioning sprockets and 1 more idler shaft.  All these were retained by 3/8” ID  collars with 2 x  6-32 set or clamping screws.

Recovered collars – Double set screw type (90 deg)  No inside dim. change –same as new -0.390,  Set screw tips are corroded.   Split type – screw threads are damaged where they are deep within the collar.
Disassembly and Inspection of parts – 12/6/10

Remaining 3/8” Idler shafts – one shows very slight pitting on shaft with no measurable change in dia. of shaft in the area of the collar.  The other shaft had significant  pitting in area of collar with diameter loss of .012 at one point.   
All 3/8 shafting and collars had markedly more corrosion damage to areas subject to crevice induced corrosion  even in SS 316 than similar ½” parts .  Especially the small 6-32 screws used with the smaller collars were very prone.  All these parts rotating, promoting water flow,  but did not hold up the way ½” parts did.  
All of the 3/8” ID collars failed to remain tight on the shafts.

The 3/8” ID acetal/glass bearings also seemed to have more wear and tear than the similar ½” ID bearings.  This may be partially explained by these bearings supporting smaller sprockets which turn faster than the ½” shaft supported larger sprockets.  

The 12mm delrin/glass Jilson thrust bearings used to support the Mag Couples/ pinion drive were especially worn out.  Lots of play on all surfaces, bearing races, ID, OD.   I have a call into Jilson on this.   Even though they were all running in a very lightly loaded condition, the smaller balls used I think wore the races down more quickly.  Dirty water?   

The fwd pinion had lost it’s 18-8 SS spring pin (when?)so it couldn’t have worked very well.  The Aft end still had it’s pin but showed some corrosion.  Not as bad as I would have thought however.

All ¼” bolts, nuts and washers in excellent shape.  Some slight discoloration but otherwise like new.  Even in the nut engagement areas!  The difference probably being these parts being out in the free stream and remaining in a passive state.  

Allenaire cylinders for chain tensioning/damping still slide but not uniformly.    The oil comp for these cylinders was depleted, we don’t know when this occurred.

The rod end of these cylinders showed a lot of rusty colored corrosion activity.  The 1/8” NPT fitting were loose at this end and still tight at the upper end.  I’m sure this looseness is the cause of comp system oil losses.  
The 3/8-16 thread at the end of the rod was destroyed where it engaged a PVC mount block with a blind threaded hole.   Probably would have faired better with thru hole.
I am not convinced these Allenaire cylinders were completely SS316,  this requires checking to see if non SS 316 parts were in the oil-filled areas or in SW.
The Aft unit seems to have suffered severe Crevice Corr. on the SW side of the 1/8” FNPT thread until it completely failed to seal, lost the oil comp, then SW entered and corroded a hole in the normally oil-filled spaces  of  the seal insert out to the area of the circlip.  The circlip engagement groove was compromised too  The FWD rod end was similar without the perforation. .  The 4 Swagelok ¼” tube T’s at both ends are in perfect condition.
Both chains in good condition.  Very slight stiffness at a few spots, slight discoloration.  Still very usable.  They will be replaced anyway.   I didn’t expect them to hold up as well as they did because they are SS 302 as I recall.  The constant chain and/or water movement must have helped here.  The AFT chain is USA produced, the FWD end was Chinese.  The US version fits the larger spockets better, however.

Both magnet couples – even though painted with 2 coats epoxy paint to protect the SS302 and epoxy coating on magnet face side, one magnet segment on each unit started rusting and growth pushed outward on the working face.  Must have caused increased drag.   

10-32  set-screws (3) each in mag couple, all good condition, tight on ½” shafts.  Hard to explain why such good condition other than liberally coated with Aqua –lube when installed.  
Fan Rotation confirmation magnets for Hall effects sensor on large sprockets both covered with greenish-brown loose magnetic particles from the silt?   Otherwise, fine.  

All ¼-20 x ½” set screws very good.  All tight on shafts.  Typical was 2 per sprocket or collar.  Sprockets are FRP,  collars SS 316 with Aqua-lube.    Cup type tips showed signs of use, left impressions on shafts, no signs of corrosion.  Even areas under the collars were just fine.   These components were also rotating which must have minimized anoxic build-up.   
Slight amount of seaweed wrapped around fan shafting, this will get interesting with shallow water version.  Didn’t seem to bother bearings.

Images show some areas of corrosion on some Swagelock valving.  All still functional. 

Camera connectors  had some active (electrical leak) based corrosion which will be dealt with by the EE’s.  
IMPROVEMENTS derived from above findings:
Eliminate all 3/8” shafting, collars and bearings.

Eliminate set screws wherever possible.

Use delrin keys to lock and isolate SS 316 parts

Use delrin shafting in low load applications.

Use a Titanium spring to replace the Allenaire tensioning/damping sytem.

Consider substituting more robust radial type for thrust bearings, this would also simplify shaft fabrication because thrust bearings are metric only.. 

Consider Hastalloy set screws where set screws necessary.   

