Vacuforming plastic parts

By Rob Caso

August 2004


Vacuforming is a scratch builder’s way to make custom canopies, cowlings, wheel pants and a host of other parts that are difficult to make using flat pieces of wood or plastic.  Such parts offer advantages when clearance is an issue, as in the case of cowlings or wheel pants.  Vacuforming can be done using readily available materials and with equipment that you can build yourself.  It’s easy!

Forming equipment:

You will need the following equipment to make vacuform parts:

· Vacuum source

· Vacuform box

· Toaster oven

· Aluminum racks to mount the sheet plastic

· Clips to hold the plastic to the rack

· Support stand

The vacuum source is simple, at least when I was single.  Your wife’s vacuum or a shop vac will work fine.  After years of listening to my wife ask “hey, where’s the vacuum?” I built a dedicated table with a cheap vacuum motor from a repair shop, incorporating a switch and an outlet for the toaster oven.  The toaster oven was also a point of marital consternation, so go out and get a cheap one from a garage sale.

The vacuform box is made from 3/8” plywood with a ¼” plexiglass top drilled with 3/32” holes.  A hole is cut in the side of the box for the vacuum hose, a tight seal provided by some rubber radiator hose.  Build it slightly larger than your aluminum rack.  I screwed the box together and sealed the joints with silicone.  Apply some sticky backed 1/8” weather stripping to the perimeter of the surface of the box to provide a nice seal during the forming process.  If your aluminum rack is somewhat smaller than your box, make a removable cardboard frame to block off the outside area of the box that would be open to air once outside the perimeter of the rack.  Don’t forget the seal.

The racks are made from a single piece of aluminum right angle stock, cut at the corners and the ends riveted.  I made a couple of different sizes, so I can economize on the plastic.  Use clips from the office supply store to hold the plastic on the racks during the heating process.  Last, you’ll need a support stand that resides in the oven, upon which the rack is placed while heating.  This will provide clearance while the plastic sags under the heat – more on this later.

If it takes you more than 2 hours to put this together, you’re slower than me!

Making Plugs:

A “plug” is nothing more than a male mold over which the hot plastic is formed under a vacuum.  It must be able to withstand a certain amount of heat and be strong enough to stand up under compression during the forming process without deforming or crushing.  The material you use for the plug is also dependent upon the type of part you are making and how many you plan to make.  Solid balsa is a convenient material; however it will compress slightly and may leave grain marks that will be transmitted to the surface of forming. This is OK for opaque parts which can be sanded, but clear plastic is more finicky and balsa may not yield enough clarity.  Balsa is also only good for about 4-5 formings, after which it may begin to fray and crack.  

I like to use a plaster like product called “Water Putty” (WP) for plugs where I am making multiple parts or for those that require a higher degree of clarity, like a canopy.  A WP plug is a little more work to make, but the parts it produces are excellent.  I start with a balsa plug over which I vacuform some .030 plastic.  I then sand and wax the inside of this forming, which now becomes a female mold, and pour in some WP.  Since the WP is somewhat dense, you may have to add some fiberglass cloth and epoxy to the outside of the mold to prevent the mold from distorting when you pour in the WP.

After it sets up I take out the hardened WP and fine sand it.  I also epoxy it to a 1/8 light plywood base.  I have also successfully made “quicky” plugs for small runs using hard open cell foam, polyester resin and 2-4 oz fiberglass.  You can make one of these in about 15 minutes.

The plug’s outside dimension must be tolerenced taking into account how the finished part will be used. If you want a cowling that lies flush with the fuselage, for example, the plug must be made slightly smaller to allow for the thickness of the finished forming, usually about .020 less.  The plug also should not have any sides that have greater than an 85 degree angle and certainly none that are greater than 90.  There are three reasons for this.  The hot plastic forms webs when formed over plugs having vertical sides with corners.  Secondly, the plastic gets pretty thin on such surfaces, which may be OK if that side is not going on your model, however adjoining surfaces may thin out also.  Last, if the plug has an under cut, you may not be able to get the part off the plug!  Plugs also should be made about ¼ to ½” higher than the finished part to allow for a complete forming and to eliminate any radius around the bottom of the finished part.  It also helps to elevate the plug slightly off the forming table so that the vacuum completely pulls the plastic around the plug.

One more thing to keep in mind when making plugs is to drill 1/16” holes through the plug near and around any irregular shapes on the plug and at its base.  This assures that the plastic will completely form to the plug.

Materials for Parts:

I use .030 white high impact polystyrene (HIPPS) and clear .030 and .020 PET-G (the stuff they make soda bottles out of) to make my parts.  Both of these materials are cheap and easy to get from any industrial plastic supplier.  Some shops will even cut it to the size of your forming racks for a nominal charge; otherwise you generally have to buy 4x8’ or 2x4’ sheets and cut it yourself.  If you do the latter, score the plastic with a knife guided by a 4’ straight edge and simply snap the sheet to separate the pieces.  PET-G will come with a protective plastic skin on each side which must be removed prior to forming.

Pulling Parts:

Have your oven, vacuum and vacuum box in close proximity and conveniently arranged to minimize the panic as you pull the hot plastic out of the oven and place it on the box.  The plug should be centered on the box and be free from dust.  Clip the plastic to the rack; use three clips on the long side and one or two on the short.  With the oven preheated to 350 degrees, place the stand and the plastic laden rack in the oven and allow the plastic to heat up and sag about 1 ½”.  Turn on the vacuum and briskly take the hot plastic out of the oven and firmly snuggle it down over plug, making sure that you get firm contact with the rubber seal around the perimeter of the box.  When this happens, the vacuum takes over and pulls the plastic in around the plug.  Turn off the vacuum and allow a minute for everything to cool off and pull the plug out of the part.  Different plugs will require different levels of “sag” in the plastic and this takes a little practice to get right.  But after an evening of vacuforming, you’ll be an expert!

Safety:

Be smart when working with hot frames and plastic – a pair of cotton work gloves protects your hands.  Never leave plastic unattended in an oven and unplug the oven when not in use.  I also recycle my cut offs and rejects.

References and Resources:

· “Do it Yourself Vacuum Forming” by Doug Walsh, published by Vacuum Form

· Trident Plastics, Inc, 215-672-5225, source for HIPPS and PET-G

Sagging level:
Correct sag for ..030 HIPPS – about 1 – 1 1/2” or so.  Experience will tell you when you have enough, given the depth and overall size of your plug.

Webbing:
Webbing is common with deep pulls, such as the one shown.  It is exacerbated by overheating the plastic and therefore getting too much sag.  A third cause is the thickness of the plastic – thicker sheets will not web as much.  To avoid webbing on the section of the forming that will be used, try elevating the plug.  If I had done this in the example shown, the plastic would still web, but it would occur further down and below the part you need.

