This document describes suggested modifications to Murphy Moose wing & fuselage construction when taking a project from basic kit to fast-built kit status.  All time and cost estimates are just that—estimates provided based on experience.  Quoted labor rate for these modifications is $25/hr in 1/10 hour increments.  Cost is my cost plus whatever shipping expense might be involved—no markup on parts, aluminum, 4130 steel or consumables (e.g. chromate, proseal).
Note: I made all of these modifications after I received my second fast-build kit.  Hence, it’s possible for you to also accomplish these modifications at a later point.  I offer them now as suggestions in that often getting these tasks done during fast-build construction saves time and materials as well as yielding, in some cases, a higher quality end result.
The below modifications are the result of seeing issues develop with my and other Moose during flight and ground operations.  In other words, these modifications are designed to improve the durability of the aircraft—they are not merely cosmetic upgrades.

· Use of anchor nuts everywhere that involves an inspection plate.  Anchor nuts are of the type that are fastened using #3 (3/32”) rivets—in other words (in my opinion) done the correct way—not using some glue-type short-cut anchor nut (that, in my experience, eventually loosens and spins) Note: I often refer to anchor nuts as nut-plates; They are one and the same.
· Murphy leaves the decision on use of nut-plates up to the builder

· I’ve heard the original Murphy concept was to rivet all inspection panels on only to have to drill them out and re-rivet at every annual (or when adjustments were required at some access point).  If true, this would explain why one sees so many predrilled holes around factory cut-out access holes (e.g. 10, 12 or more when perhaps 6 or 8 would otherwise be sufficient, depending on the size of the access hole)
· Most builders (to my knowledge) use anchor nuts ( http://www.aircraftspruce.com/catalog/hapages/anchornuts.php )

· Some builders use “Click Bond” floating anchor nuts (I’ve seen these come undone leaving one with no way to reattach them in otherwise inaccessible  places months/years after initial installation)—not recommended ( http://www.aircraftspruce.com/catalog/hapages/04-06005.php )

· A few builders simply use sheet metal screws; no additional effort or parts req’d

· Time impact for nut-plate option: 1 to 2 minutes maximum per anchor nut (less if easy to access; more if difficult access); time includes inspecting rivet quality after installation and assumes use of Cherry pull-rivets (http://www.aircraftspruce.com/catalog/hapages/cherrynrivet.php )

· Cost impact: See previous links—approximately $1 per installation for access panel nutplates including the cost of the anchor nut & rivets

· Use of anchor nuts with elastic inserts for rudder brackets on fin spar & for flap/aileron mount brackets on wings—makes later inspection of back of brackets (nut) unnecessary; Enables easy, fast replacement of bracket should one eventually get elongated due to wear

· Time impact: Same as above providing access is easy (generally is)

· Cost impact:  Cost is higher for anchor nuts with elastic inserts (req’d for hinge and various brackets-- http://www.aircraftspruce.com/catalog/hapages/anchornuts.php ).  Fortunately, there are not that many involved (guessing about 30)

· Inspection/Access holes for front rudder pulleys

· Adding them at this point saves hours of frustrating time later when installing / adjusting rudder pulley cables

· Also, adding them now saves one having to drill out rivets attaching bottom skin to the inner FUS-325 shear web

· Attachment: IMG_1349.JPG

· Time impact: 5 hours? I spent 10 hours, but now I know what I didn’t know before [image: image1.png]



· Cost impact: Doubler out of 0.032” 6061 T6, nut-plates (or anchor plates—depending on how you refer to them), rivets for both nut-plates & doubler
· Inspection/Access holes for front elevator push-pull rod attachment (where it bolts to stick/aileron/elevator control tube bottom)

· Attachment: IMG_1436b.JPG

· Time impact: 3 hours? I spent 6 hours, again, now I know what I didn’t know before [image: image2.png]



· Cost impact: Doubler out of 0.032” 6061 T6, nut-plates (or anchor plates—depending on what you call them), rivets for both nut-plates & doubler
· Two pulley’s at bulkhead A to route elevator cables flat along floor toward the rear (std kit has 1 pulley here)

· This relates to whether or not one chooses to place the elevator actuator handle on the floor (std) or roof (modification to get handle out of one’s way & make more room between the pilot / co-pilot seat)

· With one pulley, one elevator cable runs on top of the pulley with the other on the bottom of the same pulley

· Attachment: singlePulley_A.jpg (shows where this 1 pulley is replaced with new brackets and two pulleys)
· Time impact: 4 hours? Biggest time issue is fabricating new brackets to hold the pulleys and insuring (critical) the pulleys are properly aligned after installation of AN-4 bolt
· Cost impact: Brackets out of 0.040” 6061 T6, bracket rivets; AN bolt, castle-nut, cotter key, washers, pulleys (http://www.aircraftspruce.com/catalog/appages/phenolicpulleys.php )
· 2” channel back to bulkhead E

· Support extended corner wraps (req’d if not installing door to separate cargo area from tailcone section

· Support extended baggage area floor (modification).  Attachment: ExtBaggageFloor.jpg
· Installation now saves drilling out perhaps 300 rivets later, as well as later having to crawl inside tailcone to do this task (awkward but not impossible)

· Attachment: IMG_1633_channel.JPG (you fabricate floor itself later—or I can do now: extra metal & time [4 hours])
· Time impact: 20 hours? Fabricate approx 17 ‘C’ channel, each approx 18” with 0.7” top/bottom flanges for riveting; install nut-plates along bottom
· Cost impact: Doubler out of 0.032” 6061 T6, nut-plates (or anchor plates—depending on how you refer to them), rivets for both nut-plates & doublers
· Hat or “C” channel aft of bulkhead H to reinforce bottom of tailcone FUS-422
· Tailcone can develop wrinkles due to hard wheel landings if not reinforced ( attachment: tailcone_wrinkle.jpg)

· Attachment: Bottom422.jpg
· Time impact: 3 hours? (not long to fabricate channel or hat, but time adds up in fabricating, fitting and eventually riveting tab-doublers to attach channel to bulkhead
· Cost impact: Doubler as well as tabs out of 0.032” 6061 T6; rivets for doubler & tabs
· Hat or “C” channel between bulkhead G & H to reinforce bottom of tailcone FUS-422
· Tailcone can develop wrinkles due to hard wheel landings if not reinforced ( attachment: tailcone_wrinkle.jpg)
· Attachment: Hbulkhead_front.jpg
· Time impact: 4 hours?

· Cost impact: Doubler as well as tabs out of 0.032” 6061 T6; rivets for doubler & tabs
· Hat or “C” channel between bulkhead D & H on both sides to reinforce tailcone skin sides

· Prevents “oil-canning” and adds key, in my opinion, reinforcements

· Attachment: Attachment: IMG_1373b.JPG (shows hat; would probably use ‘C’ channel instead for ease of fabrication plus fewer rivets in side; Attachment side_channel.jpg)
· Time impact: 30+ hours?

· Cost impact: channel out of 0.032” 6061 T6; gusset plates (0.032”) to attach channel to bulkhead edges; rivets
· Hat or “C” channel along corner wraps
· Prevents possible corner-wrap deformation if on floats in rough conditions (see example from float plane Moose in AK…attachment: Wrinkle-in-corner-wrap.jpg)
· Doing now saves crawling back in tailcone later to do this task—could conceivably do this at a later point though

· Attachment: CornerWrapHatCloseup.jpg & side_channel.jpg along the corners of image
· Time impact: 30+ hours?

· Cost impact: Fabricate multiple hat sections for top & bottom corner wraps between Bulkheads C to H out of 0.032” 6061 T6;  fit & rivets for hat/channel to corner wraps—will require an additional sheet of 0.032 6061 T6
· Droop wingtip spar & stringer extensions

· If one has plans to use optional droop (extended) wingtips, then one should, in my opinion, install the stringer and spar extension at time of building the wing—before one rivets the top and bottom outer wing panels together; Less optimal (Murphy manual) method seen here: Attachment: img_1569.jpg
· Installing stringer & spar extension at this point allows for a better designed reinforcing joint and rivet pattern where the standard stringers & spar join to the extensions thereof

· Attachment: IMG_1584b.jpg
· Time impact: 20+ hours total for both wings
· Cost impact: Enlarge stringer holes in end-rib; measure, cut, chromate, fit stringer extensions; rivet top & side [side is only possible if done at this stage] to existing stringer & skin
· Upgrade FUS-333 post skins from .032 to 0.063

· Post skins along with FUS-300 channel basically support a good share of the wing load; I’ve seen quite a few builders perform this upgrade
· Time impact: 14 hours(?)
· Cost impact: Sheet of 0.063 6061 T6; 
· Shear-web holes to later run fuel lines from wing to floor area

· Drill the holes during assembly saving much time & a whole lot of frustration (take my word for it) if you wait to do this later

· Attachment: wire_fuel_holes.jpg
· Time impact: 1+ hour (?) to drill & install rubber grommets
· Cost impact: Cut holes using step drill; rubber grommets
· Aileron & wiring access holes in cabin risers (FUS-300 channel; FUS-311; channel below FUS-27…each side)
· Doing it during FB construction saves lots of time later

· Also, at this point one can make much cleaner holes

· Attachment: IMG_1412.jpg
· Time impact: 8 hours (?) to measure, re-measure, cut holes & install rubber grommets; add doublers to channel if needed
· Cost impact: Cut holes using step drill & dremel tool; rubber grommets where appropriate; add doublers to post channel where needed
· Dimple shear-web holes prior to cabin floor assembly

· Add strength (as much as 30% by one builder’s engineering analysis)

· Perform during floor assembly for ease of access to save time

· Attachment: IMG_0617.jpg
· Time impact: 2 hours
· Cost impact: Shipping cost for dimple die to/from builder in California
· Proseal all wing skin joints

· Use of masking tape as shown allows one to later (after it dries just a bit) peel off the tape leaving a neat proseal line

· Attachment: IMG_0599.jpg
· Time impact: 10 hours each wing; or 20 hours total?
· Cost impact: Proseal; masking tape; MEK to clean up proseal where required
· Stand-offs to support wire conduit in wing leading edge

· Prevent rib from eventually cutting into conduit; Attachment: img_2775b.jpg
· Attachment: IMG_3121b.jpg
· Time impact: 12 hours(?) for both wing leading edge ribs
· Cost impact: fabricate stand-offs from 0.032”; rivet to ribs; tie-wrap conduit; Could use Adel clamps instead—higher cost but some would say “cleaner” install
· Doubler for access hole which the factory cuts in tailcone side FUS-357
· Factory ships kit without doubler

· Attachment: RearHoleDoubler.jpg
· Time impact: 3 hours?

· Cost impact: Fabricate doubler 0.032” 6061 T6; nut-plates; rivets for doubler & nut-plates
· Cut bolt access holes in bottom of floor under gear box used to later bolt landing gear FUS-309 to FUS-310.

· Holes have to be cut thru fuselage skin –and—the .063 bottom gear box doubler.  I did this process sitting underneath the fuselage with the gear in place—which, in retrospect, was a huge PITA.  Getting the hole lined up correctly, having metal chips all over me.  Doing everything reaching up.  MUCH better to accomplish this step while installing the sill & skin to the forward cabin structure (chap 9.2).

· Attachment: Ch10_Landing_Gear.pdf--reference step 10.1 (1).
· Time impact: 3 hours per side—6 total (proper alignment thru skin; having to temp put on 0.063 wrap doubler (awkward piece); Perhaps less time when one can “easily” turn the whole structure over (upside down)
· Cost impact: Time

· (Added 5/21/08) Aileron torque tube bushing/bearing for wing root

· Better construction technique to use actual bearing assembly rather than simple (standard) delrin bearing surface.

· Time impact: 1 or two at most, as hole/assembly process is already similar to that required for Murphy-supplied Delrin bearing

· Cost:  $225 for bearing and nutplate assembly (same cost as I paid from Skip Casey who sold me these parts)
· (Added 5/21/08) Wing tips: Install wing tips and landing light assembly in tips

· Time impact: 60 hours for tips w/o landing lights; Another 25 hours+ per tip for installing landing light assembly, wingtip lights and access hole (depends on whether one light per wing or dual light per week e.g. Whelan strobe)

· Cost:  Wingtip lights, brackets, Whelan strobe unit, nut plates for access hole?  Need to discuss

· (Added 5/21/08) Horizontal Stabilizer seaplane fin nut plates

· Many folks on floats have vertical fins on each side of their horizontal stabilizer to assist with directional control.  If you want this option you should add the nut plates during the construction of the horizontal stabilizer—or you will have to drill out all the rivets on the tip end of each side of the horizontal stabilizer to accomplish this later.

· Time: 4 hours to layout and install nut plates and to fabricate additional doubler to support stress of seaplane fins when installed

· Cost: Nut plates, minor amount of 0.032” 6061 T6 for tip doublers on h-stab.
