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TWISTLOCK MODULE
PARTS AND MATERIAL LIST
2" PVC Pipe and Fittings
2" Schedule 40 Plastic pipe1



1-1/2"
2" FS Repair Coupling2




2

2" FS x 1-1/4" FS adapter3



1

2" FS x 1" FS adapter3




1

1-1/2" PVC Pipe and Fittings
1-1/2" Schedule 40 Plastic pipe1


1-1/2"
1-1/4" PVC Pipe and Fittings
1-1/4" Schedule 40 Plastic pipe1


1/2"

1-1/4" FS Coupling (Standard)



1

Pop rivets, 1/8 x Short




6

Material Notes:
1 You will probably have some scrap left over from the main project.  If not, this pipe is usually sold by the foot at most hardware stores.  So get the extra foot.  It will come in handy.

2 Repair couplings are a little over half the length of standard couplings.  Standard couplings will work, but they will make the sub-assembly longer, so you may have to make adjustments to the lengths of tube on the main assembly.

3 These adapters are made by several different companies, and there is no set standard for their overall dimensions.  So be aware that it may be necessary to make certain adjustments with respect to how these pieces fit with the rest of the assembly.
Tools:
Stove or hotplate

Pot with vegetable strainer or double boiler

1 short heavy rubber band

The tools used on the main project may be used on this sub-assembly. The use of a small orbital sander will be a big help in speeding things up, as there are two pieces that require quite a bit of stock removal.

[image: image1.wmf]
Using the 1" FS Coupling, make the cam surfaces.  Cut the coupling to a length of 1-1/2".  Grind out the internal divider with the rotary file.

[image: image2.wmf]
Split the coupling in half lengthways.  Drill two holes for pop rivets1/4" from one side and 1/4" from each end.  Now comes the tricky part.  Using the rotary file and/or the small orbital sander, grind down the outside of the cam so that it matches the silhouette shown right and the drawings below.  The idea is to make a tapered half-curve, full thickness on one side and tapered to almost nothing on the other side.  It should be relatively uniform from one end to the other. 

[image: image3.wmf][image: image4.wmf]
It was found easier to rough out the shapes with the rotary file, and finish the surfaces with the small orbital sander.  If you have a lathe or a belt sander, either would probably work just as well if not better.  The dashed lines indicate area of stock removal.

[image: image5.wmf]
One way this may be accomplished is to fasten the cam piece to a piece of 1-1/4" pipe with pop rivets.  If both pieces are done this way, be aware that one piece will have to be removed by using a pop rivet removal  tool, or by drilling the head off and tapping the body of the rivet out.

[image: image6.wmf][image: image7.wmf]Make the inner cam mount from a piece of 1-1/4" schedule 40 plastic pipe.  Cut it to a length of 1-1/2".  If you used the method shown above to grind down the cams,  this can be done simply by cutting the pipe off at the edge of the mounted cam piece.  Make the outer cam mount from a piece of 2" Schedule 40 Plastic pipe.  If you used another way to grind the cam piece, drill two hole in the mount, using the holes in the cam as guides.  Pop rivet the cam to the mount.

Using the large edge of the cam as a guide, slice lengthways through the mount.  Make another cut about 1/8" from the first, so as to make a 1/8" gap in the mount.  Be careful to not cut the cam.  

[image: image8.wmf]Put a short, heavy rubber band around the inner cam assembly as shown.  Double the rubber band if necessary to provide enough tension.  Then, put the assembly into a pot on the stove, using a vegetable strainer or a double boiler to keep the plastic off the bottom of the pot.  Make sure that the water completely covers the plastic, and that the plastic is NOT touching the pot.  KEEP A CLOSE EYE ON IT!  The water does NOT have to boil.  It just needs to warm the plastic enough so that the assembly will contract.

[image: image9.wmf]When the water is hot enough, the rubber band will cause the plastic to contract, so that the gap will be filled and the inner diameter of the mount will be smaller in size.  This will also cause the cam to fit more tightly to the mount.  When this occurs,  take the pot off the stove and run cold water into it from the sink, allowing the hot water to flow out.  When the water in the pot has reached a temperature that allows you to take the piece out with your bare hand, take it out.  Remove the rubber band.  Notice that the inside diameter of the mount is now smaller than the outside diameter of a piece of 1" tube, but also that it has enough springiness to fit over the 1" tube.  It may be necessary to coat the inside of the  inner cam mount with some liquid electrical tape.  It's just sticky enough to help grab the 1" tube.

[image: image10.wmf]
Make the outer cam mount from a piece of 2" Schedule 40 Plastic pipe.  Cut it to a length of 1-1/2".
[image: image11.wmf]Take the remaining cam piece and fit it to the outer mount. Put the cam piece into a pot on the stove, using a vegetable strainer or a double boiler to keep the plastic off the bottom of the pot.  Make sure that the cam piece is covered by the water.   Hold the cam piece down with a fork.   When it begins to soften, push down slightly, so as to flatten it out somewhat.  The idea is to cause it to have a radius slightly larger than the inside of the mount made from the 2" pipe.  This may take two or three tries before getting it right.  Be patient.  When the cam piece is the proper size,  take the pot off the stove and run cold water into it from the sink, allowing the hot water to flow out.  When the water in the pot has reached a temperature that allows you to take the piece out with your bare hand, take it out.
[image: image12.wmf]
Place the cam inside the mount.  Drill holes through the mount to match the holes in the cam.  

[image: image13.wmf]
Line up the holes and insert the pop rivets.  Tighten them slightly, but don't pop them off yet.  Double check the positioning of the cam within the mount.  It should be flush against the inside.  A small amount of overhang on the ends does not matter.

[image: image14.wmf]
After you are sure that everything is lined up correctly, finish tightening the rivets.  The inside rivet ends will probably be pulled in slightly, and that's OK.

[image: image15.wmf][image: image16.wmf]
Before starting on the final assembly, check the dimensions of the adapters.  Some are solid bodied, some are hollowed out.  Some have the inside parts recessed from the outside parts.  (See drawings)

[image: image17.wmf]
Take the 2" FS x 1" FS adapter and grind out the shoulder and some of the slip fit, so that the 1" pipe will slide freely through it.  (Remove area shown by the cross hatch)

[image: image18.wmf]
If any of your adapters are recessed in, as shown in the cross section view,  you will need to make spacers to allow for the distance recessed.  For example, if you have a recess of 5/16" in an adapter, make a spacer from 1-1/4" tube, 5/16" long.  This will allow the 1" tube to pass through it with ample clearance.

[image: image19.wmf]These instructions will assume a spacer on one end, as that is the way the prototype came out.  The outer cam mount is 1-1/2" long.  The  2" repair couplings have 3/4" on each side of the divider, plus the divider itself, which is 1/8".  So their total length is 1-5/8".  Between the inside dividers on the two adapters is a distance of 1-1/2".  What a coincidence!  That's the same length as the cam mount.  So an exploded view of the overall assembly looks something like this.

[image: image20.wmf]
This is what the assembly looks like when all the parts are in place. (Cross sectional view)  You may wish to cement the 2" FS x 1-1/4" FS adapter to the 1-1/4" tube.  However, my assembly is not cemented, and it works just fine.  The reason is that all the pressure is pushing the parts together.  There are no stresses trying to pull them apart, and the pieces have a very tight fit.  Besides, you may want to replace it someday.

This is what the assembly looks like when mounted to the main assembly.  It replaces the the lock and the 1-1/4" coupling.  If the assembly was mounted as shown in the preceeding instructions, and if you view the assembly from the lower end, you twist the lower tube clock wise and the upper tube counter-clockwise to lock the assembly.   And the opposite to unlock.  If the cams were placed in the assembly backwards from the way shown, then you just reverse the way you twist to lock and unlock.
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