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Foreward


This manual is intended to provide basic instructions for the construction and testing of the fuselage designed by Group 15.  However, due the hazardous materials and dangerous equipment, anyone attempting to complete any of these tasks should seek instruction from someone that is knowledgeable in that area. 


The methods in this manual are described as they were performed by the group.  They are many ways these structures can be made.  The testing equipment instructions are only an overview of how Group 15 built the equipment.  Most of the design decisions about the equipment were made because of the availability of scrap material.  Any method of accelerating the fuselage and simulating a angular impact would suffice.  
Mold Construction

1.  Drill 2, 3/8” holes 1” deep in the top of the male mold centered at 3” from the nose and tail.  Cut 2 pieces of 3/8” all-thread rod 4” long.  Place epoxy in the holes and insert the rods.  Let cure for 2 hours.  Draw a center line on the male mold.  
2.  Construct the mold box so that the inside dimension leaves 1” of space around the mold form and coat each part separately with Minwax Polycrylic acrylic polyurethane.  Coat each part of the box and the male mold with paste wax.  Assemble the box and suspend the male mold in the box using the all thread rods and nuts.   
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3.  Mix gypsum plaster, 1 part water to 3 parts plaster to make 2.5 quarts of mix. After leveling the box, pour the plaster up to the half way mark.  Remember that surface tension in a fluid creates a meniscus.  Be sure that the bottom of the meniscus is level with the center line.  Shake the box gently for one minute to remove air from the plaster.  Ensure level and set aside to cure for 12 hours. 
4.  Remove all sides from the box except the one holding the male mold.  Using a putty knife and sandpaper, level the surface of the mold.  Re-wax all surfaces, especially the new plaster, and reassemble the box. 
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5.  Just as in step 2, pour the plaster for the top of the mold level with the top of the box.  
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6.  Disassemble the box and remove the male mold from the female mold.  This can be accomplished with a putty knife.  If the male mold does not easily come free from the female mold, drill a 1/8” hole from the outside of the female mold just into the inside.  Apply compressed air (less than 50psi) to the hole.  With some assistance, the molds will separate.  The rods can also be attached to a table and the mold removed with a block of wood and a hammer.
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7.  Round all of the outside corners to prevent puncturing the vacuum bag.  

8.  Cure molds in an oven for 24 hours at 70o C.

9.  Remove molds from oven and immediately coat with wax.  The wax should melt and infuse into the plaster.  Be sure that wax does not build up on the surface.  
Note: If the molds break let them cure for 24 hours and bond them together with epoxy.  Fill any imperfections with body filler. 
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Fuselage Construction
1.  Apply Poly Vinyl Alcohol (PVA) to the mold.  Let dry for 10 minutes and apply a second coat. 
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2.  Spray a light coat of spray adhesive.  Place an 8” x 22” layer of carbon fiber into the mold.  Press in the center, then the curves, and then the flat walls.  Place a second layer in the same fashion.  
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3.  Apply peel ply in the same fashion.  Folds and wrinkles are acceptable as long as it is in full contact with the carbon fiber.
4.  Apply flow media in the same fashion.  The flow media may need to be cut to fully contact the surface. 
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5.  Trim all materials even with the outside of the mold.  

6.  Cut a piece of vacuum bag 24” x 36”. Place bagging tape on the long end of the bag.  Fold the bag in half and press the loose end onto the tape.  
6.  Cut a piece of tape to length for one end of the bag.  Roll the piece on itself.  Ensure that the tape bonds to the first piece of tape and roll the new piece on the bottom of the bag.  Roll any excess onto the top of the bag.  
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7.  Cut two pieces of 1/4” tubing 12” long and cover the end with a piece of flow media.  Attach the flow media with a small piece of bagging tape.  

8.  Peel the protective bagging half way off the piece of tape in the end of the bag and press the tubing in to the center of the tape.  Place the tube with the flow media end just inside the tape.  Place a 2” piece of tape over the tube.  Peel of the rest of the protective tape and press the plastic together.  
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9.  Place the prepared mold inside the bag and finish the other end with a tube in the same fashion.
10. Examine the vacuum tape to seal any leaks.  Ensure that the tape is firmly pressed together around the tubes and at the tape junctions.  

11.  Apply vacuum to one of the tubes leaving the other open.  This will apply partial vacuum.  At this time, press bag into the mold and insure that it is in full contact with the other material.  Clamp the open tube and check bag again.  If necessary, release the vacuum and reposition the bag.

12.  When satisfied with the bag position, clamp both tubes and let the mold stand for 15 minutes.  If a leak is present the bag will loosen in this time.  If a leak is detected, check the tape and re-check the vacuum.  In theory, the vacuum should hold infinitely.  

13.  Mix 5oz of resin with 5cc of catalyst. Insert one tube into the resin.  Open both tubes and allow the resin to infuse into the material. When the part is fully infused, clamp each tube.  Set part aside.  
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14.  To make the flat sheet of material, use a plate of metal or glass as the mold.  Instead of wrapping this mold in a bag, simply place the tape on the surface and apply the bag material to this.  Infuse in the same manner as previously described.  
15.  Allow parts to cure for 18 hours.  Remove the bag and prep material from the mold using scissors, razor blades, etc. Leave only the carbon fiber part stuck to the mold.  Using a putty knife, separate the edge of the part from the mold.  Clamp welding clamps to the front of the mold and apply a slight downward force to pry to part from the mold.  A well prepared part should release easily.  The flat sheet should release easily with only a putty knife.  
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16.   Trim the excess material from the edge of the fuselage pieces with a diamond saw.  Using sand paper bonded to a flat surface, level and smooth the bonding edge of each fuselage half.  
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17.  Cut the cap, cap tabs, and bonding strips from the flat sheet of material using the water jet.  

Note: This team frequently used a diamond tile saw and a water jet machine to cut carbon fiber.  One could also use a hand-held rotary tool.

18.  Cut the opening in the top piece of the fuselage and the vent in the bottom of the fuselage. 
19.  Mix 1/2oz of epoxy and add a pinch of carbon fiber dust to color the epoxy.  Bond and clamp the bonding strips to the bottom fuselage piece.     
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20. After curing, spread epoxy on the bonding strips and around the edge of each piece. Then, bond and clamp.  At this time, bond the tabs to the cap.
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21.  Cut the motor hole in the tail of the fuselage.  This group made a jig for this step and used a rotary cutter.  A diamond hole saw would work much better.  
22.  Sand and coat the fuselage to the desired finish.  

23. Cut the motor plate with the water jet and attach it to the fuselage with epoxy.  A drawing of the motor plate without units is included as a representation. A drawing exchange file is include electronically with the exact layout.
Fuselage Detailed Drawings
Fuselage Bill of Materials

	Part #
	Part Name
	Material
	Quantity
	Drawing #

	1
	Top
	CF
	1
	1

	2
	Bottom
	CF
	1
	2

	3
	Strip
	CF
	2
	3

	4
	Cap
	CF
	1
	4

	5
	Tab
	CF
	1
	5

	6
	Motor Mount
	AL 2024 - .064” wall
	1
	6


Fuselage List of Assemblies

	Assembly
	Description
	Drawing #

	1
	Bottom with Strips
	7

	2
	Body
	8

	3
	Cap
	9

	4
	Complete
	10
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Cannon Construction 

1. Cut metal parts from stock with a chop saw or cut-off wheel.  De-bur parts and join with welds.  
2.  Assemble PVC parts with PVC cement.  

3.  Cut lever arm from the ABS plastic and attach it to the ball valve with #10 machine screws.
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Pneumatic Cannon Detailed Drawings

Pneumatic Cannon Bill of Materials

	Part #
	Part Name
	Material
	Quantity
	Drawing #

	1
	Barrel
	2.5” Square, 16 ga steel
	1
	1

	2
	Stand
	2.5” Square, 16 ga steel
	2
	2

	3
	Tank Support
	2.5” Square, 16 ga steel
	2
	3

	4
	Tube
	1” pipe, threaded end
	1
	4

	5
	Lever
	0.5” ABS plastic
	1
	5

	6
	1’’ connector
	1” PVC
	1
	6

	7
	Long Connector
	1” PVC
	1
	7

	8
	Adapter Tube
	1” PVC
	1
	8

	9
	Adapter
	PVC
	1
	9

	10
	Tank Butt Connector
	PVC
	1
	10

	11
	Tank
	2” PVC
	1
	11

	12
	1” Ball Valve
	PVC
	1
	n/a

	13
	1” Thread Adapter
	PVC
	1
	n/a

	14
	1” Coupler
	PVC
	2
	n/a

	15
	1” 90deg elbow
	PVC
	1
	n/a

	15
	Elbow with1/2” outlet
	PVC
	1
	n/a

	17
	2” Cap
	PVC
	1
	n/a


Pneumatic Cannon List of Assemblies

	Assembly
	Description
	Drawing #

	1
	Air Cannon
	12

	2
	Cannon Isometric
	13

	3
	Cannon Explosion
	14

	4
	Barrel Assembly
	15

	5
	B.A. Exploded
	16


[image: image31.emf]
[image: image32.emf]
[image: image33.emf]
[image: image34.emf]
[image: image35.emf]
[image: image36.emf]
[image: image37.emf]
[image: image38.emf]
[image: image39.emf]
[image: image40.emf]
[image: image41.emf]

[image: image42]
[image: image43.emf]
[image: image44.emf]
[image: image45.emf]
[image: image46.emf]
Calibration Board Instructions

1.  Cut boards to dimensions and round outside edges with a router.  
2.  Base coat boards with white paint, then tape and paint 3” black stripes.  

3.  Drill 1/4” holes to a depth of 5/8” and insert the lag end of the lag fastener.  
4.  Glue the coupling board to one piece of board and drill the holes for the lag fasteners to pass through.

4.  Weld the legs together.

5.  Assemble the two halves of the board and install the legs with 1/4” wing nuts.
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Calibration Board Detailed Drawings
Calibration Board Bill of Materials

	Part #
	Part Name
	Material
	Quantity
	Drawing #

	1
	Stripe Board 1
	2.5” Square, 16 ga steel
	1
	1

	2
	Stripe Board 2
	2.5” Square, 16 ga steel
	2
	2

	3
	Stand
	2.5” Square, 16 ga steel
	2
	3

	4
	2” Lag/machine bolt
	Steel
	10
	n/a

	5
	1/4” Wing Nut
	Steel
	10
	n/a


Calibration Board List of Assemblies

	Assembly
	Description
	Drawing #

	1
	Stripe Board
	4

	2
	SB Isometric
	5
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Target Board Construction Instructions
1.  Cut the steel parts to proper dimensions and fasten with welds.  The hinges can also be attached with welds. 

2.  Cut the board to size and fasten it with #8 sheet metal screws.
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Target Board Detailed Drawings

Target Board Bill of Materials
	Part #
	Part Name
	Material
	Quantity
	Drawing #

	1
	Base
	Welded Steel
	1
	1

	2
	Target Board
	MDF
	1
	2

	3
	Prop
	Steel
	1
	3

	4
	Follower
	Steel
	1
	4

	5
	3” Hinges
	Steel
	4
	n/a

	6
	1/4” -20 x 1” Bolt
	Steel
	4
	n/a

	7
	Wing Nut
	Steel
	1
	n/a


Target Board List of Assemblies

	Assembly
	Description
	Drawing #

	1
	Target
	5

	2
	Target Isometric
	6

	3
	Target Exploded
	7
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Impact Testing Procedures

1.  Set up the equipment with opening of the cannon even with the end of the calibration board.  Place the leading edge of the target even with the opposite end of the board. The centerlines of the cannon and target should be 12” from the target board.  

2.  Connect the air inlet of the cannon to a 20 gallon auxiliary air tank.  

3.  Using a box filled with paper (or other soft target), load the cannon with a fuselage and fire into the box.  This will allow calibration of pressure to the desired velocity without sacrificing the fuselage.  To fire the cannon, open the valve until the pressure in the cannon reaches the desired level.  When ready, back away from the cannon and pull the string attached to the lever on the ball valve.  

4.  Ensure that all items are level with leveling screws (or shims) and set the target angle.  Test fuselages with only a motor installed and then with a weight to total 3 lbs.  Take video and verify velocity.   
Bench Testing Procedures

1.  Clamp the fuselage with the tail hanging seven inches over the edge of the table.  

2. With the components installed, run the motor at the full power, 50% power, and 25% power for 10 minutes or until the motor runs erratically (due to low voltage).  

3.  Check the temperature every 30 seconds with an infrared thermometer.
2

[image: image1.jpg]


[image: image61.png]Group 15

Assembly Air Cannon

Assembly # 1

Units: Inches Drawing # 12




[image: image62.jpg]


[image: image63.jpg]


