TURKEY VULTURE CONSTRUCTION

FUSELAGE


Start fuselage construction by cutting the forward keel and bulkhead #2 from 1/8" plywood.   Cut the two aft keels and the spacer from 1/8" balsa.  Mark the aft face of blkhd. #4 on the fwd keel. Glue the spacer to the rear end of one of the aft keels, then glue that aft keel to the forward keel with the forward end at the location of blkhd #4.  Lay the keel parts over the side view of the fuselage to insure that the proper angle is obtained.  Turn the assembly over and glue the other aft keel in place sandwiching the rear segment of the forward keel between them. (The slot that is formed will hold the drop-away fin). Now cut the floor, bulkheads #3 and #4, and the two halves of bulkhead #1 from 1/16" plywood. Check all plywood parts for a good fit. Glue bulkhead #4 to the floor, then the floor to the keel, and add bulkhead #2.  Use epoxy for these plywood-to-plywood joints.  Finally add bulkheads #1 and #3 to complete the basic fuselage frame (See photo #1). Install bulkhead #2A and the two forward sides. Notice that the sides are flush with the top of the bulkheads but extend below the floor about 1/4". Now install the 1/8" sq. glue strips to the aft side of bulkhead #4 and install bulkhead #4A. These are merely doublers that allow for an easier seam for the outer skins. Glue bulkhead #5 in place on the aft keels carefully aligning it with the forward bulkheads. Install the two aft side members. Install two 1/8" sq. glue strips 1/16" above the bottom of the forward keel. If you plan to use the tow hook and hi-start for launching, locate and install the aluminum hook on the forward keel using two 5-56 bolts and lock nuts.  Bevel the forward and aft sides below the floor line to match the contour of the bulkheads (See photo #2). Starting at the lower keel, apply the 1/16" balsa sheeting to the fuselage bottom. Wet the outer surface of the lower skins slightly, then wrap and glue them to the bulkheads and the sides. The 1/32" aft lower skin can be installed as one piece. Center the grain along the aft keel, then glue it to the two aft keel pieces. Wet slightly, then wrap and glue to the bulkheads and each side.  Trim and sand the forward and aft sides to a smooth contour (See photo #3).  Cut the aft hold-down plate from 1/8" ply and glue between the aft sides and against blkhd #5 as shown. 

Fit and glue the forward side blocks into place between bulkheads #1 and #2. Carve the blocks to match the shape of the floor (see photo #3). Fit the two top, and two bottom fwd blocks and tack-glue them in place. The forward fuselage can now be carved to shape providing a smooth contour between bulkheads #1 and #2. The top and bottom blocks should now be removed and roughly hollowed inside to reduce weight, then installed permanently.  The two head blocks can be cut to the top and side view, hollowed slightly, and glued in place.  The ugliness of a vulture's head and face is difficult to duplicate, but give it your best shot (see photo #4 and #5).

HORIZONTAL TAIL

(Some fuselage photos show an early horizontal tail configuration that extended forward and below the wing trailing edge. The tail was later moved up to align with the wing trailing edge.)

Assemble the flat pieces of the horizontal tail and elevator (1/8" sheet) on your work surface and glue together (see photo #6).  Now glue the 1/16" ply forward spar in place and fit the remaining leading edge pieces.  These provide the necessary matching transition between the dihedral at the wing trailing edge and the flat elevator (see photo #7). When completed, trim 1/32" off of the top and bottom of the elevator structure in the region of the "pocket". Install the two 1/32" plywood, 1" x 1-1/4" plates to complete the 1/16" deep "pocket" for the rotary drive system.  Slot the spars and install Easy Hinges. 

 Do NOT glue the horizontal tail on the fuselage yet.

WING

The wing construction uses a full depth spar, which results in a forward and aft segment for each rib. This is somewhat different from a normal glider wing, but the method is strong, light and works well for the unusual planforms and dihedral patterns of many bird wings. 

Cut two spars from medium grade 3/16" sheet balsa. (Notice that they are flat on the bottom, but not flat on the top). Cut the four trailing edge (TE) pieces from soft 1/8" balsa. Cut all ribs from 3/32" balsa.  (Holes for the antenna tube need only be in one wing). Cut the leading edges (LE)  from 1/2" soft balsa sheet. Cut front and back spar doublers from 1/16 ply and glue to the spars. (remember, one right and one left). Make the wing joiner from .063 alum. (2024 T3 or equivalent). Bend the joiner at the center to16 degrees to provide the proper dihedral. File the notches in the joiner to provide a loose fit over the inboard spars. Epoxy the lower 1/8" by 3/16"  bass joiner rails to each spar, flush with the bottom of the spar.  Wrap wax paper in the slots of the aluminum joiner and slide it onto one wing spar resting against the lower joiner rails.  Epoxy the top 1/8" by 3/16" bass joiner rails to the spar. Repeat for the other wing spar. When dry, the spar joiner should slide snugly onto each spar (see photo #8 and #9). Cut a slight bevel on the fwd top of each spar between ribs 1 and 4 to match wing airfoil shape. Locate and mark the rib locations on the front and back of the spars.  

Cut the inboard and outboard spar jigs from scrap 1/4" balsa.  Take extra care to insure that the jigs hold the spars perpendicular to the building surface, and that the spar height above the work surface is correct.  

Attach some strips of masking tape to the lower surface of one spar so that they extend about 1/8" behind the spar (see photo #10).  Set the spar in place on the inboard and outboard spar jigs. Slide the aft ribs into the slots in the trailing edge pieces and locate each rib on the spar. (The tape should hold the bottom of each rib level with the bottom of the spar). Place a 1/16" shim under the rear of each trailing edge piece (see photo #10). Using wax paper under the trailing edge, glue the aft ribs to the spar and to the trailing edge. Use a small triangle to square the ribs with the spar.

With the spar still in the spar jigs, place a sheet of 3/32"balsa as a shim to support the forward edge of the forward ribs. Glue each fwd rib to the spar with the top of each rib flush with the top of the spar and the fwd edge resting on the 3/32" shim (see photo #11).  When dry remove the 3/32" shim and set the leading edge in place against the forward ribs. Sand the front of the ribs as necessary so that they all mate with the leading edge. With the leading edge flat on the table, glue the leading edge to the ribs. (The lower surface of the leading edge should be 3/32" below the lower corner of each rib). When dry, carve or sand the lower surface of the leading edge so that it matches the contour of the lower surface of the ribs. Mount the other spar in the spar jigs and construct the other wing in similar fashion making sure to build a left and a right wing (see photo #12).

Cut two leading edge extensions from1/2" soft balsa.  Cut a 32 degree angle on the rear edge as shown and glue to each wing leading edge with the top flush with the top of the leading edge (see photo #13). Use aliphatic resin glue for these joints for easier shaping and sanding.  

Taper the lower surface of the trailing edge to achieve the reflex shown in the airfoil.  Carve the top of the leading edge, and leading edge extension, to match the slope at the front of each rib (see the 3-step "wing root assembly" sketch on the drawings). Sand smooth and remove any bumps that would prevent the 1/16" sheet from bonding.  Lay each wing on a flat work surface with the leading edge extension hanging over the forward edge of the table. Hold the wing down with weights and glue the soft, 1/16" x4" leading edge sheeting to the spar, leading edge, and ribs. (again, aliphatic glue is recommended). Trim the leading edge sheeting to the wing planform, but don't sand it round yet.  Sand the aft ribs as necessary to make a smooth airfoil. Glue the stub aft spar supports between ribs 12 and 13 and triangular fillets at the trailing edge. 

WINGTIP AILERONS

Cut the two 1-3/4" X 7/8" servo mounting plates from 1/16" plywood.  Cut four short blocks from 1/4" plywood and glue them to the ends of the servo mounting plates so that they fit the shape and size of your microservo (one right, and one left).  Use straps from a tin can to hold the servos in place. Drill the inner sleeve of the Kimbrough Coupler to 3/32" and mount the couplers to the servos (see photo # 14). Set the servo mounting plate in place in the wing. Measure and cut two torque rods (from one 4-foot, 0.156 carbon tube) to proper length noting that they extend 1-1/8" beyond rib 13.  Now epoxy half of a 1" length of 3/32" wire inside one end of each torque tube.  Roughen the wire with a file or sandpaper to get good adhesion.  Slide the completed torque rod into the holes in the wing ribs.  Increase the size of the holes as necessary to allow clearance and to provide a straight shot to the coupler.  Shim or trim the structure around the mounting plate to allow it to sit against the top leading edge sheeting, and also against the forward joiner rails, without bending the torque rod (see photo #15). Cut a 1" length of 3/16" brass tube for each wing tip and slip it over the torque rod. Cut a 3/16" notch in a 1/4" x 5/8" x 2" balsa block and fit it between ribs 12 and 13 to support the brass tube bushing. The upper surface of this block should be formed to fit against the leading edge sheeting. Cut and notch another 1/4"x 5/8"x 1" block to sandwich the brass tube in place. Glue the bushing and the support pieces in place on the wing being careful to avoid getting glue on the torque rod (see photo #16). 

The next step will either remove, or lock in forever, any warps in the wings.  Place each wing upside down on a flat surface. Block up the trailing edge and insure that the wing is not twisted by sighting between the leading and trailing edges. Shim and weight down the wing as necessary, then apply the 1/32"x4" balsa lower sheeting between the leading edge and the spar.  Leave the inboard and outboard bays (between ribs 1 and  2, and 12 and 13) open to allow for aileron access. Now shape the leading edges to a smooth airfoil shape except for the center section where the  overwing fillet will be installed later.

FEATHERS

You will undoubtedly have a strong urge to "beef up those flimsy tip feathers". The wing tips of a real bird are extremely light - only feathers from the wrist joint outward. Any added weight in the outboard section of the wing reduces the natural roll damping of the wing, especially without a vertical tail. The cost for beefing up the tips will probably be a continuous rolling oscillation in flight, which makes precise control difficult. If you select medium, straight-grained 1/16" sheet for the feathers they are remarkably resilient and easy to repair.

Cut the forward and aft feather blocks from 1" square balsa stock. Notice that these are 3-dimensional shapes and that there are left and right parts (see photos # 17 and #18). (The photo shows pivot wires which were replaced by notches for the torque tubes when the Kimbrough Couplers were installed). Cut the feathers from medium 1/16" sheet (see photo #19). Sand an airfoil into each feather except for 1" at the root. Shape the mounting surface on the forward feather blocks to provide slight dihedral for feather #1. Score and break feathers #1 and #2 at the dihedral breaks shown and reglue with the proper dihedral. Install all feathers on the feather blocks except feather #2 which will be glued over the torque rod.  

ASSEMBLY

Join the wings and set them on the fuselage.  Trim the front edge of the leading edge extension to fit flush against bulkhead #2. Locate and drill a 1/8" hole in each leading edge extension for the wing hold down dowels. Mark the hole locations on bulkhead #2. Epoxy the dowels to the wings. Drill the holes for the hold down dowels in bulkhead #2 slightly below the marks, then file the top of the holes upward until you have a tight fit for the wing. 

Cut the two overwing fillets from soft 1/4" balsa and glue in place.  Cut the two aft wing hold-down doublers from 1/16" ply and glue to the top of the wing trailing edge. Glue a piece of scrap 3/8" balsa to the top of the wing hold-down plate in the fuselage and shape it to fit the lower surface of the assembled wing.  With the wings in place and centered on the fuselage, drill two 1/8" holes for the rear hold down bolts through the wings and the fuselage hold down plate. Drill and tap the rear hold down block in the fuselage for the 10-32 nylon hold down bolts and drill the wing holes to 3/16". (After tapping, apply a little thin CA to the holes to strengthen the threads). Assemble both wings and mount on the fuselage. Carve and sand the upper wing fillets to shape. 

Position the horizontal tail on the fuselage directly behind the wing and glue in place.  Drill the inner sleeve of a Kimbrough Coupler to 1/16" and mount on the pitch servo.  (A standard size servo is shown in the drawings).  Mount the servo on the floor of the fuselage with 1/4" blocks and a tin can strap, similar to the aileron servos. Bend a 45-degree angle in the last 7/8" of a piece of 1/16" wire.  Slip the bent end into the "pocket" of the elevator, with the bend at the hinge-line, and cut the other end to fit into the coupler.  Round off the bent end of the wire with a file so it will not cut into the plywood.

Glue the aft feather block, with aft feathers installed, to rib 13 without any dihedral.  With the torque rod pushed into the inner sleeve of the Kimbrough Coupler, glue the forward feather block to the torque rod allowing about 1/32" clearance with rib 13 and aligned parallel with the rib (see photo #20). Feather # 3 should have no dihedral.  Now glue feather #2 to the forward feather block over the torque rod joint.  Adjustment of the tip aileron neutral setting is done with the set screws on the Kimbrough coupler. Notice that the entire tip aileron and torque tube can be removed by loosening these set screws. Cut the two servo cover plates from 1/32" plywood. Cut four blocks from scrap 1/2" balsa and glue them to the wing on either side of the couplers to prevent the cover plates from rubbing on the couplers. Install the cover plates with two small wood screws into the spar and the leading edge as shown.  Reinforce the threads with thin CA (see photo #21 and #22).   

COVERING

Cover the model in the normal fashion using your favorite film. I used Monokote - black on the top surface and gray and black on the bottom (see color line on the drawings). Notice that there are concave regions on both the top and bottom of the wing, so use the wetted-tissue-ball trick behind the iron to get good adhesion. The head and beak are painted with balsa filler and dope. (Here is where the true artist excels!!) The simplest and lightest method for finishing the tip feathers is to use an enamel spray can (black on top, gray on bottom), then immediately wipe the paint off with a paper towel before it dries.  This adds the desired color to the balsa, and some protection from the elements, but adds little weight.

LAUNCHING METHODS

Without a vertical tail these models get wild on a towline. The model has been successfully launched with a Hi-Start using the drop-away fin shown on the plans.  Cut the aft sheeting from between the two aft keel pieces on the fuselage. The fin slides into this slot. The wire retainer hook holds the fin in place while the tow hook is attached (see photos #23 and #24).  Loosely tie the fin to the launch ring on the Hi-Start with a separate piece of string so it will pull away from the model at release and come down with the parachute.  Set the elevator at zero or slightly TE-down for launch to minimize lateral oscillations. 

I have also included a drawing for a retractable launch hook attached to the aluminum joiner plate, for those who intend to air-launch their model from a larger R/C mother ship. This launch method works very well.
FLYING

The batteries, switch and radio gear can now be installed in the fuselage. Set the neutral elevator position with the elevator parallel with the stabilizer, then tighten the coupler set screws. If you are using a computer transmitter, program the throttle lever to bias the two ailerons up or down together (like flaperons).  Set the neutral tip-aileron position so that the leading edge of each aileron is below the leading edge of the wing by about 1/8" and tighten the coupler set screws. Add ballast as necessary to get the cg to the location shown on the drawings.  Do some hand glides in still air to establish the trim settings. 

For slope advocates, this model is a real floater, just like the real counterpart. Without ballast it does not penetrate well but is quite realistic in a light breeze. 

If you have a computer radio you can experiment with the bias setting in flight.  There should be a bias position that allows gentle coordinated turns with the tip ailerons with no adverse yaw.  If you are not using a computer radio, try adjusting the bias on successive flights to find the best setting. (Don't go too far upward or aileron control will disappear completely). The model will be considerably lighter than the real bird so experimenting with ballast is appropriate.

Your Turkey Vulture model will not only attract attention from your fellow modelers, it will likely attract some attention from other soaring birds such as hawks and ravens. I would be most interested to hear of your experiences with this model. Contact me through MAN.



TURKEY VULTURE BILL OF MATERIALS
(lLaunch-method components not included)

Quant.     
Size                       

Use

BALSA

1

1/2"x2"x36"

Wing leading edge, leading edge extension, fus. 

 




Side blocks

2

1/8"x3"x36"

Wing trailing edge, fus. blkhds, fus.sides, tail

outline, aft keels

1

3/16"x2"x36"

Wing spars

3

3/32"x3"x36"

Aft fus. sides, wing ribs

4

1/16"x4"x36"

Top wing L.E. sheet, fus. bottom, tip feathers 

2

1/32"x4"x36"
 
Aft fus. bottom skins, bottom wing L.E. sheet

BALSA BLOCKS

2

1/4"x2"x6"

Overwing fillet, bushing support blocks, spar jigs

2

3/4"x2"x2"

Fwd top blocks

2

1 1/4"x2 1/8"x1 3/4" 
Fwd bottom blocks

2

1"x2 1/4"x3 3/4"

Head

1

1"x1"x18"

Tip aileron block, aft feather block


HARDWOOD

1                      1/8"x6" dowel                   Wing hold down 

PLYWOOD

1

1/8"x6"x12"

Fwd Keel, fus. blkhd 2, wing hold-down 

1

1/4"x3/8"x10"

Servo hold-down blocks

2

1/16"X6"X12"

Floor, fus. blkhd 1, 3, 4, T.E. doubler, spar

doublers, servo plate 

1

1/32"x6"x6" 

Aileron servo cover, elevator pocket

HARDWARE

1

0.156" x48" hollow carbon rod    Tip-aileron torque rods

1

3/32"x6" music wire

Ail. torque rod insert, air launch hook

1

1/16"x12" music wire

Elevator torque rod

1

2 1/2"x12"x.063 alum.(2024-T3)
Wing joiner


3

Kimbrough RDS Couplers
Aileron and elevator controls

2

10-32  Nylon bolts

Wing hold down

7

Easy Hinges


Elevator

1

1/16"x1/2"x5" ABS Plastic
Fus. Skid

SOURCES

Carbon torque rods



Composite Structure Technologies

(Part  No. T513-4)



P.O. Box 622 Tehachapi, CA 92581

(661) 822-4162

www.cstsales.com
Kimbrough Rotary Drive System Couplers
Tower Hobbies

(Part #500 = 2 couplers)


P.O. Box 9078







Champaign, IL 61826-9078



1-800-637-4989







www.towerhobbies.com
