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Reference and Background of Adhesive Used For Wood Bonding





1: The ASTM D 1002 testing standard has replaced the obsolete or retired mil-spec testing standard for adhesive tensile lap shear testing, and is the active standard for testing now used by the Department of Defense, verified directly by the ASTM Technical Services department. As such, an adhesive tested to ASTM D 1002 standards effectively meets the previous “mil-spec” testing standards, and if the test results show a minimum acceptable strength for aircraft wood structure the adhesive would thus meet the requirements of AC 43.13 1B paragraph 1-4a for being an FAA acceptable adhesive. 


The adhesive to be used in this installation (Devcon 5 Minute Epoxy) has been certified by the manufacturer as having been tested in accordance with ASTM D 1002.





2: A well-known structural aircraft wood adhesive accepted by the FAA is “Resorcinol” glue. This type of glue meets the original Mil-Spec MIL-A-46051 (Type 1, Grade A) which has more recently been cancelled and superseded by Federal Standard MMM-A-181D. The portion of this specification for the type of adhesive applicable to the type of bond joint used in this skylight installation is:


3.11 Plywood shear strength.�3.11.1. The adhesive shall develop an average strength of not less than 2.76 MPa   


            (400 psi) when tested as specified in 4.5.7.2.


An alternate adhesive developing a shear strength equal or greater than the requirements for FAA approved “Resorcinol” glue (and having no other mitigating chemical or temperature characteristics or other factors that would cause a reduction in the shear strength when used in the same type of bond) can be considered to be an equally acceptable adhesive meeting or exceeding the applicable requirements of MIL-A-46051 and/or MMM-A-181 for the limited purposes of this skylight installation. MMM-A-181D is in fact listed in AC 43.13 1B paragraph 1-4-b-4 as a test standard for aircraft wood adhesive. The adhesive proposed for use in this installation (Devcon 5 Minute Epoxy) has been certified by the manufacturer as having been tested to 1900 psi under ASTM/Mil-Spec standards, thus exceeding the equivalent minimum strength requirement of MIL-A-46051 / MMM-A-181 by a factor of 475%. 





3: Another well-known structural wood aircraft glue acceptable to the FAA is “Weldwood” glue. This type of glue meets Federal Standard MMM-A-188C. The portion of this specification for the type of adhesive applicable to the type of bond joint used in this skylight installation is:


3.9 Shear strength by tension loading (plywood shear strength) .


3.9.1 Dry. The adhesive shall develop an average shear strength of not less than   


                 340 p.s.i.   when tested as specified in 4.4.7.2.


3.9.2 wet. The adhesive shall develop an average shear strength of not less than 


                 280 p.s.i   when tested as specified In 4.4.7.3.
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An alternate adhesive developing a shear strength equal or greater than the requirements for FAA approved “Weldwood” glue (and having no other mitigating chemical or temperature characteristics or other factors that would cause a reduction in the shear strength when used in the same type of bond) can be considered to be an equally acceptable adhesive meeting or exceeding the applicable requirements of MMM-A-188C for the limited purposes of this skylight installation. The adhesive proposed for use in this installation (Devcon 5 Minute Epoxy) has been certified by the manufacturer as having been tested to 1900 psi under ASTM/Mil-Spec test standards, thus exceeding the equivalent minimum strength requirement of MMM-A-188C by a factor of 558% and 678% respectively.





Conclusion: The testing and certification data cross-referenced with and compiled from official records of the epoxy manufacturer,  Mil-Spec, ASTM, and Federal Specifications show conclusively that Devcon 5 Minute Epoxy adhesive clearly meets the requirement for an adhesive acceptable to the FAA per AC 43.13 1B paragraph 1-4a, and greatly exceeds the requirements of two well known FAA approved “Resorcinol” and “Weldwood” glues. Therefore there is no question as to the airworthiness or acceptability of Devcon 5 Minute Epoxy for use on a secondary structure, lightly loaded, non-flight critical assembly in this proposed skylight Field Approval.








Reference Documents Online:





http://www.devcon.com/techinfo/175.pdf


http://www.aircraftspruce.com/catalog/wppages/weldwood.php


http://www.aircraftspruce.com/catalog/wppages/resorcinol.php


http://assist.daps.dla.mil/quicksearch/


http://assist.daps.dla.mil/quicksearch/basic_profile.cfm?ident_number=25138


http://assist.daps.dla.mil/quicksearch/basic_profile.cfm?ident_number=53165


http://assist.daps.dla.mil/quicksearch/basic_profile.cfm?ident_number=53170
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Installation Procedure





1. Preparation


	Remove the top windshield screws and aluminum strip. Remove the wingroot fairing straps. Remove existing fabric headliner and any interior upholstery panels from wingroots or upper cabin area. Cut the safety wire or other attachment of the top wood stringers to the top rear cabin crosstube allowing the stingers and fabric to be raised off the crosstube slightly.





2. Fabricate Rear Wood Former


	Fabricate a former from 3/4” aircraft grade Spruce or Douglas Fir to fit above the rear cabin cross tube, and tapered along the top edge to maintain a similar original fabric profile. Former is shaped as per the sketch on the lower left of drawing #1. Notch relieve the ends to fit any weld clusters or tabs. Notch the top edge to accept the existing T-section wood stringers. 





3. Fabricate Clamps


	Fabricate four U-shaped strap clamps from standard aircraft grade 2024 aluminum, .050” thick x .500” width, having a minimum tensile strength of 40,000 psi as shown on drawings # 1, 2, and 3. Mark four locations for the clamp mounting holes on the new wood former. 





4. Drill Former


	When the wood former is final shaped and has been test fit in place, drill the holes for the U-shaped clamp mounting bolts. 





5. Remove Fabric


	Cut the fabric from the cabin roof area, leaving a strip of 6 or 8 inches of fabric in front of the rear cabin cross tube Leave enough fabric forward of the rear cabin cross tube so that it can be pulled taut and folded down and around the former and up the backside of this tube. Cut the top wood stringers flush with the former, and remove the pieces from where they are attached to the rest of the structure by safety wire or screws. 








For all following wood bonding steps use a two-part room temperature cure epoxy resin glue meeting the requirements of AC 43.13 1B paragraph 1-4a. For the purposes of this document, this grade of adhesive is hereinafter referred to as “epoxy”.  
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6. Install New Wood Former 


Place the new wood former in position and install the U-shaped clamps with AN3-13 bolts, washers, and AN364-1032A stopnuts. Secure the wood stringers into their notches using epoxy applied carefully in the notch while the stringer is pushed away slightly. Refer to drawing #3.





7. Secure Fabric


	Slit or notch the fabric from just above each cut wood stringer to allow it to be folded downward without wrinkling. Fold the fabric down flat over the front of the wood former without wrinkles or folds, then around the bottom of the crosstube. Notch the fabric in the corners so it does not interfere with the aileron cable pulley or the welded tube cluster at the top corners. When the fabric is trimmed and can be folded neatly, apply Poly-Fiber “Poly-Tak” fabric cement to the underside of the fabric, and fold it around the cabin crosstube (conforming to the method for attaching fabric to tube airframe components in the approved Poly-Fiber Manual). Refer to drawing # 2. Make sure that no glue clogs any control cables, fairleads, aileron pulleys or cables, etc.





8. Fabricate New Upper Side Fairings


	Refer to drawings #5 and #6. Remove upper side plywood fairings. Cut two pieces of 1/8” birch aircraft grade plywood to the same shape as the existing plywood fairings, and sand smooth. Cut twelve spruce blocks 2 inches long, 1 inch wide, and 9/16” thick (yielding a bond area of two square inches on both sides of each block). Mark the inside (cabin side) of each old plywood fairing, and then mark the outside (outboard face) of each new plywood fairing piece. Remove any varnish or finish from the surface of the old plywood where the blocks will glue in place. Using the previously specified epoxy, glue the blocks in place per the drawing. When the glue has set, apply more of the same glue to the spruce blocks and install the new plywood piece, making sure to align the pieces directly over each other. Weight or clamp until the glue has set. 


When the glue has set completely, sand the upper cambered edges of the plywood fairings and any protruding spruce block ends to a smooth edge. Cut (2) one inch wide by 36 inch long strips of 1/8” birch aircraft plywood. Using epoxy, applied to the edges of the plywood and the edges of the spruce blocks, attach the plywood cap strip, and hold in place with several pieces of tape. When the glue has set, sand the corners round and all surfaces smooth. 





9. Fabricate and Install Nut Plate Blocks


	Refer to drawings #5 and #6. Cut and fit four spruce blocks to fit inside the steel U-channels. Drill out the blocks for the (Taylorcraft part number B-9067) blind nut anchors using the holes in the channels as a guide. Install the blind nuts and tap them in place carefully with a mallet. Trim these blind nuts if necessary to fit entirely within the U-channels. Tape the block/nut assemblies into the channels with the holes lined up. Drill out the original 6-32 size holes in the original plywood fairings to allow the 8-32 screws 
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to pass through. Test fit the NAS602-10P 8-32 screws in the nut plate blocks from the outside, verifying that the screws go in straight. Install four Taylorcraft part number C-8106-832-67 (standard aircraft hardware 8-32 Tinnerman “clip nuts”) over the steel tabs in front of and behind the U-channels.





10. Install Side Fairings


	Refer to drawing #6. Install the side fairings over the U-channels and into position. Trim and adjust the side fairings to fit the various parts of the steel structure as needed. Carve or sand the fairing ends to seat properly. Mark the location of the spruce blocks on the top plywood cap strip so the blocks can be drilled later from above the aircraft. When the fairings fit correctly and all carving, sanding and fitting is complete, install the NAS602-10P 8-32 screws and washers through the original plywood side pieces and into the blind nuts in the U-channels and the Tinnerman nuts in the steel tabs.





11. Fabricate and Install New Forward Windshield / Skylight Support 


	The pre-WW2 Taylorcraft used an upper windshield wood support strip which was held in place with several wraps of cloth tape. This differs from subsequent Taylorcraft models. Remove this support and the tape. A larger support beam must be fabricated to support the windshield/skylight on the front cabin cross tube. Refer to drawing #7. Cut two 1/8” aircraft grade Birch plywood strips and one 3/8” thick spruce strip, each 1¾” wide and 35 inches long. Using the previously specified epoxy, laminate these strips into a sandwich beam. Sand the edges smooth. Mark a line 5/8” from one edge along the entire length of the beam. Mark five evenly spaced locations on this line for the clamp screws, making sure to space them equally distant from where the six windshield mount screw holes will be. Drill 3/16” diameter holes on these marks, then countersink and spot face to allow the Tinnerman A3235-028-24A countersunk washers to seat flush. 


Install the support using EAB700-18 / MS21919C-18 airframe clamps (302 stainless steel .032” x .500”, min. tensile strength 50,000 psi), Tinnerman countersunk washers, AN509-10R20 countersunk screws, washers and AN365-1032A self-locking nuts. Relieve, carve, and sand the ends of the beam and the forward ends of the new side fairings to fit each other without interference. Refer to drawing #4.





12. Cut and Drill Plastic Skylight


	Cut the skylight from .093” “GE Lexan” clear polycarbonate plastic sheet. The length must be enough to be flush with the rear of the new wood former, and flush with the front edge of the new front upper wood beam. The width must be at least ½” wider than the upper side fairings. The aluminum wing root fairing straps must be able to sit on top of the plastic without risk of falling down into the gap between wing and fuselage. Slide the front edge of the skylight panel UNDER the aft edge of the windshield, flush with the front of the wood beam. Refer to drawings #4 and/or #7 as appropriate. 
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With the other three edges of the skylight positioned and verified over their support structure, mark and pilot drill 1/8” holes in the forward edge of the skylight and the into the wood beam underneath, using the existing windshield mounting holes as a guide. 


Temporarily hold the windshield and front skylight edge into the wood beam using cleco temporary fasteners or PK screws. They are only to locate the skylight during pilot hole drilling. Mark and drill six 1/8” pilot holes on each side through the skylight and into the center of the six spruce blocks in each of the side fairings. Mark and drill 6 1/8” pilot holes through the rear edge of the skylight and into the new wood rear former Remove the temporary screws and remove the skylight. 


Drill out the skylight holes oversize for clearance, using 3/16” holes on the sides and rear, and ¼” holes for the front. Countersink the holes on each side for the flush wood screws, but not the front or rear edges. Deburr the holes. Drill out the holes in the side fairing blocks and rear former to 1/8” for the wood screws. Drill out the pilot holes in the front wood beam for the front windshield/skylight screws. 





13. Install Blind Nuts in Windshield Support Beam


After the front windshield support beam is marked and drilled, mark its location, remove the support beam, and install six Taylorcraft part number B-9067 “special nuts” (blind nuts) into the holes where the upper windshield / skylight mounting screws will go. Re-install the support beam making sure the windshield / skylight fastener holes are aligned correctly, so the skylight will fit correctly later.





14. Fabric Repair


Repair the fabric at the side fairings by sewing in another section of new fabric to cover the side fairings, and extend down the inside of the cabin. Make sure that this fabric does not interfere with or cover the aileron control cables. Use the “baseball stitch” sewn panel method as shown in AC 43 -13 and the approved Poly-Fiber fabric manual. Using the approved Poly-Tak fabric cement, glue the fabric around and underneath the small square door frame tubing, pulling it as tightly as possible and using spring clamps to hold the tension while the glue sets. Also glue the forward edge of this new fabric around the forward cabin upright tubes and the rear cabin upright tubes. Shrink and dope the fabric using the methods, materials and practices specified in the approved Poly-Fiber installation manual. 





15. Mount Skylight


	Refer to drawings #3, 4, 6 and 7. Apply the 3M Scotch double face tape per Taylorcraft Aviation Corporation skylight installation drawing 2770 July 1985) to the 4 edges of the opening where they would contact the plastic. Install the skylight with countersunk AN531-4 screws and countersunk Tinnerman washers on the sides, verifying that the front edge of the skylight is under the windshield. The side screws must not be over-tightened, they should clamp the skylight lightly in place. 
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Cut and bend the .032 2024 T-3 aluminum rear cover strip (per Taylorcraft Aviation Corporation drawing 2773 July 1985) as shown in drawing 3, and fit to the aircraft surface as necessary When the rear cover strip is formed to fit, slide it under the rear edge of the skylight. Mark the location through the six rear holes, remove aluminum strip, and drill the holes 3/16”. 


Paint rear aluminum strip to match exterior if desired. Install rear cover strip with AN530-8-12 round head screws and washers. Install the upper windshield mounting screws, washers and self-locking nuts, routing the screws through the existing front aluminum cover strip, the windshield, the skylight, and into the blind nuts on the wood beam. 


Verify that the holes in the skylight and windshield are oversize and that the screws will not apply any loads to the edges of the holes in the plastic. The windshield and skylight are held in place only by the clamping action of the washers and cover strips, not by the screws pulling or pushing on the edges of the holes.





16. Center Clamp


	Refer to drawing #4. Fabricate the center strap clamp from standard 2024 aluminum .050 x .500” strip material, minimum tensile strength 50,000 psi as shown in the lower left of drawing 4. Bend this clamp to fit under and in between the top center cabin tubing cluster. Using this clamp as a guide, drill two oversize holes (1/4” minimum) through the skylight panel for the clamp mounting screws. Install rubber strip to fit between (and be retained by) the clamp and the skylight. Mount clamp to skylight and tube cluster with the AN526C-1032R12 screws, AN364-1032A stopnuts, and large area rubber washers above the skylight plastic. Replace the wing root cover strips. 





17. Aileron Control Cable Fairing


	Refer to Drawings 1 and 3. Fabricate an aluminum fairing to protect against interference between the aileron circuit (cables, turnbuckles, fasteners and fittings) and the AN742 clamps holding the new rear former in position on the upper rear cabin cross tube. Fabricate from .020 2024 aluminum, in a shape that covers the two inboard strap clamps, bolts, and nuts on both sides of the rear former. This fairing must extend at least one inch beyond (outboard of) the maximum travel of the aileron turnbuckle assemblies through full aileron deflection, to prevent the strap clamps and their associated fasteners from interfering with the turnbuckle assemblies under all conditions. Install this fairing using three AN530-4R8 screws (through the fairing and anchoring into the wood former) from the front, and three from the rear (so the screw holes are offset in the former). This fairing must not capture or cover any of the aileron control circuit cables; the fairing provides a smooth sliding barrier between the cable/turnbuckle assemblies and the rear former strap clamps. 


