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1  Conditions of Use

The design and accompanying plans and manual are copyrighted. You may download, copy and use this manual and set of plans to build as many “Penguin” flight simulators as you want, but you may not sell the plans or flight simulator unless otherwise authorized by an officer of Chapter 105 of the Experimental Aircraft Association. Neither the designer, EAA Chapter 105 or its officers, nor the Experimental Aircraft Association shall be liable for injuries or damage caused by building or operating a Penguin 

As a courtesy, we ask that you display the name “Penguin” prominently on the flight simulator. You can email us with questions or suggestions at penguin@eaa105.org. We would love to see pictures of your completed and “flying” Penguin, and we ask for your permission to post the best ones on our website.

2  Credits

Sponsor: 
EAA Chapter 105, Portland / Twin Oaks, Don Wentz, President

Design by: 
Martin Koxxy, Hillsboro, Oregon, EAA Chapter 105

Prototype by: 
Martin Koxxy; Bill Benedict, Aloha, Oregon, EAA Chapter 105


Lynn McDonald, Tigard, Oregon, EAA Chapter 105

3  Concept

The Experimental Aircraft Association has long been striving to interest more people in sport aviation: The more pilots and aircraft builders, the more support for local airfields, and the more tolerance and understanding for the needs of the aviation community. If we can awaken an interest in flying in children, there is a good chance this interest will continue through life. The “Young Eagles” campaign is one way to introduce youngsters to flying, and our “Penguin” flight simulator is another.

Chapter 105 built two simple mechanical flight simulators several years ago. These were always received with much enthusiasm by many children during the shows and fairs where they were set up. Maybe with too much enthusiasm - it was becoming difficult to keep them “flying” after the many hard landings these young pilots executed. The “Penguin” is our second generation flight simulator, and a major improvement.

1. The “Penguin” flight simulator is very robust and does not require any maintenance.

2. The “flying” experience simulates a real single seater rather well (except climb rate and G-forces!)

3. It accommodates pilots up to 150 lbs, with fairly long legs.

4. Assembly and disassembly requires only two people, 10 minutes, and no power tools.

5. The simulator disassembles into easy-to-transport, robust subassemblies.

6. Anyone with average skills and only basic tools can build one.

7. All materials are easy to obtain and can be bought for as little as $127 (in 1997)

This cost does not include fuselage skins, paint and instruments. Still, this is less expensive than even a basic bicycle, and we expect hundreds of children will be able to have fun, learn something in the process, and just may end up with a pilot’s rating a few years later.

Penguin 1 has been sold to the Naval Air Station Museum in Tillamook on the Oregon coast, and we hope it will see many years of service there. Penguins 2 and 3 debuted at the Portland Air Fair in November 1997, and have been used by many young pilots during Chapter 105’s monthly pancake breakfasts / fly-ins. In 2006, logistical problems have prevented us from setting the Penguins up during the breakfasts, and we no longer have the space to store them. The chapter and the designer decided to give the Penguins away to chapter families, and to post the manual and plans on the web (www.eaa105.org).

Good homebuilding, and see you “up” there!
Note: Throughout this manual, the photos show Penguin 1, the prototype. Some improvements have been made in the plans and in the text of the manual, so your Penguin will look slightly different. 

4  Set-up

The subassemblies are assembled in the following sequence (see Illustration 1):

Base + Gimbal + Weights + Fuselage + Stickfoot and Stick + Wings + Tail

The only tool needed for assembly is a Phillips head screwdriver.




Illustration 1: Sub-Assemblies

4.1  Base

Set the Base on a level surface, with enough clearance around it to be able to operate the simulator. It is difficult to move the simulator once it is set up, although minor adjustments can be made. The arrow points to the front.

4.2  Gimbal

Hang the Gimbal into the Base, arrow facing forward. The “keyholes” in the tops of the straps fit over the washers on the bolts in the Base. The pitch-lock at the back of the Gimbal should engage the Base and prevent pitching. With the pitch-lock up, the Gimbal should swing freely back and forth. See Illustration 2.
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Illustration 2: Base + Gimbal

4.3  Weight

With one person on either end, set the Weight assembly into the Gimbal, arrow facing forward. Position the Weight as far forward as possible. See Illustration 3.
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Illustration 3:  Base + Gimbal + Weight

4.4  Fuselage and Stickfoot

With one person on either end, set the Fuselage over the Gimbal posts. Make sure the pipes in the Fuselage engage the U-slots in the posts; get on your knees and look under the Fuselage while guiding it in place.

Insert the roll-lock (hook-shaped rod) into the “firewall”. Roll the fuselage slightly until the holes are lined up. With roll- and pitch-locks engaged, the fuselage should not be able to pitch and roll.

With the Stick removed, insert the Stickfoot through the opening in the cockpit floor and secure it with 4 long screws from above

Hang the Weights from the turnbuckles hanging from inside the Fuselage. This is best done by two people simultaneously hanging both front corners, then both aft corners. Swing the Weights under the Fuselage: it should not touch anything other than the two Gimbal posts. Also, all four turnbuckles should carry the same load - adjust lengths if necessary.

Flip the pitch-lock lever inside the cockpit backwards and pull the rope down. Connect the snap hook to the ring on the inside of the aft Gimbal post. There should be slack in the rope. Flip the lever forward while holding the fuselage level. It should go over-center and hold the pitch-lock well clear of the base while pitching full nose-up. Adjust the rope length, if necessary. Flip the lever back and engage the pitch-lock.

4.5 Stick

Make sure the clevis (pipe coupling) on the Stickfoot rotates freely 1/4 turn in both directions. Insert the Stick through the hole in the plate between the weights, and connect it to the clevis with clevis pin and hitch pin clip. If the handle on the Stick has finger grooves, they should be facing forward.

4.6  Wings

Insert the wing with the 2 X 2s from the right side through the holes in the fuselage, until the wing contacts the fuselage. Place the other wing over the 2 X 2s and secure with 4 short screws.

4.7  Tail

The Tail slips onto the back of the Fuselage from behind and is secured with 2 long screws through the 2X2 to the aft bulkhead. If your Penguin resembles Illustration 4, you are done with the set-up.
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Illustration 4:  Completed Assembly

5  Construction

You should have no problem getting most of the necessary building materials from the local builders' supply house or lumber yard. Appendix A is a copy of the shopping list we used to buy the materials for Penguin 2 and 3. We were able to buy all materials, except skin and paint, for approx. $ 130 per simulator (June 1996). Economy grade lumber and  plywood works just fine, although better quality materials makes construction a little easier, and will result in a better looking Penguin.

Only common woodworking tools are required: a radial arm saw (better for some angled cuts) or table saw, a circular saw for the longer plywood cuts, a scroll saw for some plywood detail work, and a variable speed drill. For the numerous wood joints we successfully used a combination of wood glue and sheetrock screws (which eliminates clamping, pilot drilling and countersinking), and a cordless screwdriver with a Phillips head bit saved a lot of time.

5.1  Base

[image: image5.png]



Illustration 5:  Base

(Refer to drawing "BASE")

Start with the bottom frame (B1 and B2) and plywood gussets (B3). Add the crossbar (B4). Cut the chamfers at the top of the posts (B6), and install the machine screws, washers, nuts and bushings (B10, 11, 12, 13). We cut the bushings from a 1/8" galvanized pipe nipple. Install posts and diagonals (B8, 2x 45° cuts, and B7, 18° and 72° cuts) - keep the posts plumb while attaching the diagonals. The wheels (B5) are strictly decorative - use real wheels (baby buggy?) if you wish. Probably the toughest part of the Base assembly is the step (B9), because of the many angles. Make sure it is strong enough to support heavy and/or clumsy pilots!

Finishing suggestions: Paint the entire Base flat black, to make it less visible. Paint the top of the step gray or brown to hide tread marks. Rubber cushions under the corner gussets keep the simulator from sliding and allow setting up on tile, linoleum or wood floors. We painted a white arrow on the front to help with the repeated set-ups we expect for our Penguins.

5.2  Gimbal
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Illustration 6:  Gimbal

(Refer to drawing "GIMBAL")

This assembly is best started by making the posts. Both posts (G4) should be made from good straight lumber. The U-holes in the tops should be drilled as plumb as possible, sized to fit the short pipes in the Fuselage (F3). We made them a little oversized (lacking a hole drill of the correct size) and filled the difference with PVC pipe (cut open at the top). We were hoping for a little less friction but got a lot of squeaking instead. A little grease fixed the problem, and is recommended anyway. After several years of use, some of the posts started to show signs of splitting under the U-holes. Revision C added bolts, nuts and washers (G15) through the posts, right under the U-holes, to prevent splitting.

The pitch-lock (G9 + G10) with angle (G11) is hinged from the rear post with a pair of simple flat bars (G7) and 1/4” roundhead woodscrews (or short lag screws) (G8). Make sure the pitch-lock rotates freely - jog the flat bars outwards a little at the hinge, or add a thin shim between one bar and part G9. Also note that the hinge point is forward of the post centerline, and that one corner of each bar must be filed round. A string (G13) (3/16 braided nylon) runs from the eye screw (G12) in the pitch-lock through a hole in the rear post to a keying (G14). Make it just long enough to allow the pitch-lock to hang straight down.

Attach the posts to the front and rear frame (G2); we used two carriage bolts with washers and nuts on both posts, for added peace of mind. Now complete the rectangle with the two sides (G1) (The prototype, shown in Illustration 6, was made with slanted 2 X 6’es, which turned out to be unnecessary). Before the glue sets, adjust the distance between the tops of the posts (43 ¼). This is why we assembled the Gimbal in this order. When you are satisfied that everything is square and plumb, add the 2 x 2s (G3) in the corners for added strength, and the crossbar (G2) to prevent flexing under load.

The most difficult part of this assembly are the keyholes at the top of the vertical hangers (G5). The larger diameter needs to slip over the washers on the Base (B11), and the smaller diameter should be a nice fit for the bushings (B13). We used fairly thin hole strap for the hangers on the prototype, and they are plenty strong, but thicker material will give more bearing surface and less wear. Attach the vertical and angled hangers temporarily and hang the Gimbal into the Base. Adjust hangers until the pitch lock engages the Base smoothly, then attach the hangers permanently.

Finishing suggestions: Paint the entire assembly flat black, like the base. Paint a white arrow on the front, to avoid confusion during set-up.

5.3 Weight
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Illustration 7:  Weight

(Refer to drawing "WEIGHT")

Start by connecting the two plywood parts (W1 + W2) with the rails (W3). Drill a hole for the eyebolts and at least 2 holes for flat head wood screws into each of the four extensions (W9), and attach them under the ends of the rails. Install the four eyebolts (W7) with nuts (W8) on both sides.

Next, install the four pieces of 2 X 4 (W5) and the bar (W6) for the stick. This bar can be made from Aluminum, a hard plastic (like Delrin, Nylon, or ABS) or even a hard wood. The stick has to fit through the hole at angles up to 15° in all directions. The countersink at the bottom allows the stick to be angled without the added play of a very oversized hole.

On the prototype, we glued the four patio blocks in place with “liquid nails” type construction cement. It took a week to set, but the patio blocks were rather wet when we started.

Finishing suggestions: Paint entire assembly flat black (except eyebolts). Another white arrow on the front is recommended.

5.4 Fuselage
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Illustration 8: Fuselage

(Refer to drawing "FUSELAGE")

This is the most complex of the assemblies. Follow instructions closely, and take one step at a time. The reward: as soon as the Fuselage is finished, your Penguin can be set up and tested! Airfoils and skin are mostly cosmetic and contribute little to the “flyability” of the Penguin.

Construction of the Fuselage starts with one of the most challenging woodworking tasks: joining the 1 X 4 sides (F8) to the 1 X 6 sides (F1). Rip-cut the 1 X 4s at a 23.3° angle along one edge (48”). The weight of the pilot will rest on this joint; wood glue only would do the job, but the two pieces are difficult to clamp - we used screws in addition to glue. Drill holes for the screws, approx. every 6”, perpendicular to and centered into the fresh cut (They will break out approx. 1” below the edge). Now “countersink” the point where the holes break out (we used a wood chisel, but a combination pilot drill / countersink should work well) - the screw heads should pull completely into the 1 X 4s. Before joining the 1 X 4s to the 1 X 6s, don’t forget to cut the slots for the wing spar (at 13” from the front end)!

Build up the two bearing trusses (F2, F4, F5) and install the short pieces of pipe or conduit (F3). A screw from the top through the 1 X 6 into the pipe will secure the pipe in position. Make the angled cuts at the bottom of the trusses in increments, checking angle and depth several times against the side assemblies.

Assemble the Fuselage frame with plenty of glue and screws, and keep it square! Do not install nose and tail plates (F6, F7) yet.

Turn assembly upside down and install F16 on the front truss. Make sure it does not protrude into the gap.

The floor- and seat supports (F9, F11) have to be rip-cut at the same angle as the 1 X 4s. You will need 2 pieces of 27 3/4” and 2 pieces of 17” length. Make them from 1 x 1s or 1 X 2s. Install the floor supports (F9) along the edge of the 1 x 4s, stopping short of the gap in the front truss, and leaving enough clearance for the floorboard.  Turn assembly right side up and install the floorboard (F10).

Prepare the stick-foot joist (F17) and carefully fit it in place. Bolt it in place (don’t glue!) with 4 long screws into the floor supports. Space the screws as far apart as possible, but stay forward of the miter for the seat. Fit the seat (F12), but don’t rely on the dimensions given on the drawing: You should end up with a snug fit on the sides and front, and a good overlap with the bearing truss in back, without intruding into the gap. Turn assembly upside down again, install the seat supports and seat. Do not attach the seat to the stick-foot joist: the stick-foot joist must stay removable. Try removing and installing the joist and remove any interfering edges.

Bend open the four eyebolts (F27), insert the turnbuckles (F30) and close the eyebolts - this will make the turnbuckles a permanent part of the Fuselage assembly. Screw each eyebolts through two nuts (F35) and a washer (F28) into the cone nut (F29), tighten in a vertical position, and cut the bolts flush on the outside. The nuts act as spacers to keep the turnbuckles from hitting the sides.

Install the nose plate (F6). Bend the sides together and install the tail plate (F7). If the 1 X 6s do not seem to want to bend evenly, try attaching a plywood cover under the 1 X 6s but stay at least 10” behind the truss to allow access to the turnbuckles.

Attach seatback stops F13 and F14, cut seatback (F15) to size (in stages) and attach seatback. The shape of  the upper portion of the seatback depends on how you intend to finish the empennage - a 8 3/4” radius worked well on the prototype.

Install the pitch-lock lever (F32) with the swivel point where shown on the drawing - this will ensure that it will go over center and hold the pitch-lock up. Drill the hole for the rope through the seat just inside the seat support and stick-foot joist, then file it round and smooth to follow the path of the rope. Install the rope (F33) and snap hook (F34), leaving a few inches on the far side of the lever for later adjustment. 

Assemble the wooden parts of the stick-foot (F17, F18, F19 and F20) as shown, then drill a hole the size of 3/4” galvanized pipe. Cut one flange off a 3/4” galvanized pipe coupling (F22), then saw and file a U-shaped slot as wide as the stick. Drill the holes for the bolt or clevis pin (F25) through both parts and assemble. The stick should swivel freely through 15° in both directions. Since the stick needs to be removed every time your Penguin is being disassembled, a hitch pin clip (F26) works much better than a nut and jam nut would. Finish the top of the stick with a suitable bicycle handle grip (F24) as soon as possible, to avoid injuries. After applying a little oil, screw the pipe (F21) into the coupling until hand-tight. Cut the pipe off at 6” from the swivel pin. Insert the pipe into the stick-foot so that the stick can be swiveled sideways ± 15°, with the coupling turning on the pipe thread. Secure the pipe in the stick-foot with a couple of wood screws through the chamfers, like set screws. This will allow minor adjustments later.

Shape a piece of 5/16 diameter steel rod or a U-bolt as shown (F31). The exact shape does not matter, but the straight part should be just long enough to reach through both 1 X 6es of the forward truss (and it should not be threaded to reduce abrasion). We added a small hole, a keying, and a short piece of chain, attached to the inner 1 X 6, to prevent loosing the “pitch lock”.

Set the Fuselage on the Gimbal posts. Make sure the bearings are engaged correctly. Hold the Fuselage level while drilling the hole for the pitch-lock, through the truss and post, approx. 1” above the cockpit floor.

Finishing suggestions: The nose and tail sections will probably be covered by the skin, but this is a good time to paint the inside of the cockpit. We suggest a neutral color like gray or beige, with a smooth finish, which will hide dirt and tread marks. A bright circle around the pitch-lock hole will act as a target for the pitch-lock. The lower part of the stick-foot will be visible under the Gimbal and should be flat black.

Penguins tend to be slightly tail-heavy, especially with smaller pilots. A removable seatback cushion may come in handy. 2” PE foam worked fine for us, but on your deluxe edition, you may want something nicer.

5.5 Airfoils

(Refer to drawing "AIRFOILS")

The airfoils were sized to utilize a full 4 x 8 ft sheet of plywood. Since these surfaces will be very visible, a better grade of plywood will enhance the appearance of your Penguin (or significantly reduce the time you spend sanding and filling!). Also, select straight and knot-free 2 X 2s for the wing spars.

Center the wingspans (A2) in the fuselage and position the wings (A1). Permanently attach the wing spars to one of the wings. Attach the other wing with four (removable) screws. If you plan on applying skin to the sides of the Fuselage, you may want to postpone installing these four screws.
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 Illustration 9:  Airfoils

Build the tail as shown, set on the back of the Fuselage, and install with two (removable) screws through the tail spar (A6) into the tail plate (F7).

Finishing suggestions: Be creative! For example, outline ailerons and flaps on the wings, and rudder and elevators on the tail. How about fuel filler caps? On the prototype we even hinged the elevators and actuated them with a length of conduit attached to a hole in the back of the Weight. We also equipped Penguin 1 with a 3-blade, fixed-pitch wood prop. Just be aware that full nose down attitude can result in prop strike!

5.6 Skin

Every builder will have his or her own ideas on how to cover the Penguin. On the prototype, we used white .040” thick styrene sheeting over ribs bent from ABS irrigation pipe. We used the same pipe, slit open, to finish and stiffen the trailing edge of the front skin (over the cockpit). 

On Penguins 2 and 3, we cut 3 pieces of plywood (S1, S2, S3 - see drawing “SKIN”) and attached them to the fuselage rails with 1 X 2s (S4, S5) as shown. Then we ran stringers (S6, S7) along the top edges, to give the skins some support. This time, we used .030” thick styrene, which is probably too thin. The cowling (front skin) is easy enough to fold over the rails and stringer, to attach with sheet metal screws, and to trim. The empennage skin is more difficult, because the curve in the rails requires a compound curve in the skin. This requires separate slices, a la armadillo. We did not attempt to bring the skin back along the tail feathers to keep things simple and robust - you may be more ambitious.

Don’t forget the instrument panel! We found some coasters imprinted with typical instrument faces, and glued three of them onto the panel. How about an RV style bubble level for a slip indicator? A headphone jack? Get as fancy as you want (and as you wallet allows) - the sky’s the limit!

One last request: The members of Chapter 105 of the Experimental Aircraft Association would love to see your completed Penguin! How about sending us a photo? And please share your ideas for improvements and embellishments with us, so we can include them in future revisions of this Construction Manual!

Shopping List
	Item
	Qty
	Material
	Size
	Size X qty
	Cut from
	Cost (ext)

	F13
	1
	1X1
	13 ½
	13 1/2
	
	

	F11
	2
	1X1
	15 1/8
	30 1/4
	
	

	F9
	2
	1X1
	27 ¾
	60 1/2
	
	

	S4
	2
	1X2
	10 ½
	21
	
	

	S5
	2
	1X2
	8
	16
	
	

	total
	
	1X1
	
	104 1/4
	2 ea 1X2X8'
	$1.40 

	
	
	
	
	
	
	

	F16
	1
	1X4
	9
	9    
	
	

	F14
	1
	1X4
	17 ½
	17 1/2
	
	

	S6
	1
	1X4
	37 ¼
	37 1/4
	
	

	F8
	2
	1X4
	48
	96    
	
	

	W3
	2
	1X4
	51 ½
	103    
	
	

	total
	
	1X4
	
	262 3/4
	3 ea 8'
	$6.00 

	
	
	
	
	
	
	

	F2
	4
	1X6
	16
	64    
	
	

	F1
	2
	1X6
	120
	240    
	
	

	total
	
	1X6
	
	304    
	2 ea 10' + 1 ea 5'
	$9.10 

	
	
	
	
	
	
	

	G3
	4
	2X2
	3 ½
	14    
	
	

	F18
	1
	2X2
	8 ½
	8 1/2    
	
	

	A5
	2
	2X2
	14
	28    
	
	

	S7
	1
	2X2
	35 1/16
	35 1/16
	
	

	A6
	1
	2X2
	50
	50    
	
	

	A2
	2
	2X2
	96
	192    
	
	

	total
	
	2X2
	
	327 9/16
	1 ea 8' + 2 ea 10'
	$7.00 

	
	
	
	
	
	
	

	W5
	4
	2X4
	4 1/8
	16 1/2
	
	

	G9
	1
	2X4
	4 ½
	4 1/2
	
	

	G10
	1
	2X4
	6
	6    
	
	

	B9
	1
	2X4
	14
	14    
	
	

	G2
	3
	2X4
	17
	51    
	
	

	G4
	2
	2X4
	19
	38    
	
	

	B7
	2
	2X4
	19  7/16
	38 7/8
	
	

	B8
	2
	2X4
	22 11/16
	45 3/8
	
	

	B6
	2
	2X4
	22 ¾
	45 1/2
	
	

	B2
	2
	2X4
	27 ¾
	61 1/2
	
	

	B4
	1
	2X4
	39 3/4
	39 3/4
	
	

	G1
	2
	2X4
	43 1/4
	86 1/2
	
	

	B1
	2
	2X4
	48
	92 1/2
	
	

	total
	
	2X4
	
	540    
	6 ea 8' std&better
	$13.92 

	
	
	
	
	
	
	

	F4
	4
	2X6
	2
	8    
	
	

	F20
	1
	2X6
	4
	4    
	
	

	F7
	1
	2X6
	6 1/2
	6 1/2
	
	

	F6
	1
	2X6
	10 1/2
	10 1/2
	
	

	F19
	1
	2X6
	11  7/16
	11 4/9
	
	

	F17
	1
	2X6
	15 1/4
	15 1/4
	
	

	total
	
	2X6
	
	55 2/3
	1 ea 5'
	$2.35 

	
	
	
	
	
	
	

	W4


	4
	Patio Block
	12 X 12 X 2
	
	
	$4.64

	
	
	
	
	
	
	

	F5
	4
	1/4 Plywood
	5 1/2 X 2
	5 1/2 x 8
	scrap
	$0.00 

	
	
	
	
	
	
	

	A1
	2
	3/8 Plywood
	28 X 48
	28 X 96
	
	

	A4
	1
	3/8 Plywood
	30 X 20
	30 X 20
	
	

	A3
	1
	3/8 Plywood
	60 X 20
	60 X 20
	
	

	total
	
	3/8 Plywood
	
	32 sqft
	1 ea 4 X 8 BCX
	$16.00 


Shopping List (cont.)

	Item
	Qty
	Material
	Size
	Size X qty
	Cut from
	Cost (ext)

	F10
	1
	1/2 Plywood
	14 X 22 1/4
	
	
	

	F15
	1
	1/2 Plywood
	16 1/2 X 17 1/2
	
	
	

	F12
	1
	1/2 Plywood
	17 X 15 1/8
	
	
	

	S1
	1
	1/2 Plywood
	17 1/2 X 15 1/2
	
	
	

	S2
	1
	1/2 Plywood
	17 1/2 X 10
	
	
	

	S3
	1
	1/2 Plywood
	11 3/8 X 5
	
	
	

	W1
	1
	1/2 Plywood
	13 X 14 1/4
	
	
	

	W2
	1
	1/2 Plywood
	15 7/8 X 14 1/4
	
	
	

	B3
	4
	1/2 Plywood
	8 X 8 triangle
	8 X 16
	
	

	B5
	2
	1/2 Plywood
	9 round
	9 X 18
	
	

	total
	
	1/2 Plywood
	
	
	1 ea 4 x 4 CTX
	$5.90 

	
	
	
	
	
	
	

	F32
	1
	3/4" "Conduit"
	0.9" OD X 12 long
	12
	
	

	F23
	1
	3/4" "Conduit"
	0.9" OD X 26 long
	26
	
	

	F3
	2
	3/4" "Conduit"
	0.9" OD X 3 1/4 long
	6 1/2
	
	

	total
	
	3/4" "Conduit"
	
	44.5
	1 ea 5' 3/4 EMT
	$1.10 

	
	
	
	
	
	
	

	W6
	1
	1/4 Alum Flat
	2 X 8 (or Hard Plastic)
	
	
	$2.00 

	G11
	1
	1 1/2 L-Steel
	3 ½
	
	
	$0.60 

	W9
	4
	1 L-Steel
	6
	24
	
	$4.50



	G7
	2
	1/8 X 1 Steel
	6
	
	"Mending Plate"
	$1.28 

	
	
	
	
	
	
	

	G5
	2
	1/4 X 2 Steel
	19 3/8 (1/8 thick ok)
	38.75
	
	

	G6
	2
	1/4 X 2 Steel
	21 (1/8 thick ok)
	42
	
	

	total
	
	1/4 X 2 Steel
	
	80.75
	2 ea 4'
	$14.00 

	
	
	
	
	
	
	

	G13
	1
	Rope
	approx. 20
	20
	
	

	F33
	1
	Rope
	approx. 24
	24
	
	

	total
	
	Rope
	
	44
	4' 3/16 Nylon
	$0.60 

	
	
	
	
	
	
	

	B11
	6
	1/4 Washer
	1 OD
	
	
	$0.36 

	G8
	2
	1/4 Lag screw
	1 ¼
	
	
	$0.14 

	B10
	2
	1/4-20 Bolt
	2 ½
	
	
	$0.32 

	F25
	1
	1/4-20 Bolt
	2 (or clevis pin)
	
	
	$0.15 

	B12
	2
	1/4-20 Hex Nut
	
	
	
	$0.12 

	G15
	2
	5/16-18 Bolt
	4. Also nut + large washers
	
	
	$2.60



	G12
	1
	1/8 Eye Screw
	1 1/2 lg shaft
	
	
	$0.45 

	F22
	1
	3/4 galv. Couplg.
	
	
	
	$0.68 

	F21
	1
	3/4 galv. Pipe
	10, one end threaded
	
	
	$1.60 

	F31
	1
	5/16 Rod
	10", or make from U-Clamp
	
	
	$0.42 

	F28
	4
	5/16 Washer
	
	
	
	$0.28 

	F27
	4
	5/16-18 Eye Bolt
	1 1/2 long thread
	
	
	$2.36 

	W7
	4
	5/16-18 Eye Bolt
	1 long thread
	
	
	$2.36 

	F29
	4
	5/16-18 Cone Nut
	
	
	
	$1.28 

	W8
	8
	5/16-18 Hex Nut
	
	
	
	$0.64 

	F35
	8
	3/8 Hex Nut
	
	
	or bushing
	$0.32

	F24
	1
	Bike Handle Grip
	
	
	
	$1.00 

	F26
	1
	Hitch Pin Clip
	
	
	
	$0.15 

	G14
	1
	Key Ring
	
	
	
	$0.10 

	F34
	1
	Snap Hook
	
	
	
	$1.00 

	B13
	2
	Steel Bushing
	1/4 ID X 3/8 OD X 5/16
	
	1/8" NPT galv. nipple
	$0.85 

	F30
	4
	Turnbuckle
	12" max. Extension
	
	
	$14.00 

	
	1/2 lb
	Sheetrock screws
	1 5/8 lg (galv?)
	
	
	$1.70 

	
	1/2 lb
	Sheetrock screws
	2 1/2 lg (galv?)
	
	
	$2.00 

	
	8 oz
	Wood glue
	
	
	
	$1.75 

	
	
	
	
	
	
	

	Grand Total
	
	
	
	
	
	$127.00
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