THERMOFORMING - DRAW RATIOS
Draw ratios are the most important concept to master in thermoforming. This term could be more aptly expressed as a stretch ratio. Simply stated, the draw ratio of any given part is the amount of surface area you have to cover on the mold and the mold flange divided by the amount of material you have inside of the seal edge of the mold flange. In other words, the amount of area you have to cover divided by the amount of material you have available to use.

To further elaborate on this concept let us go to an example. Let’s take a female cavity mold ten inches by ten inches by ten inches or generally speaking a cube. This means that the bottom of the cube area is ten inches times ten inches or one hundred surface square inches. This is also true of all four sides of the cube. If we add all of these surface areas together, we have five hundred surface square inches to cover. However, the hole in the top of the cube is ten inches times ten inches and therefore we only have one hundred available inches of plastic to stretch over the five hundred surface square inches of the interior of the mold. Hence we have a draw ratio of five to one and if we wanted to end up with a .100 inch wall thickness, we would have to start with a sheet with a beginning gauge of .500 inches. If you were familiar with the thermoforming process, you would suddenly realize that this is impractical. However, before we get into probable options, let me get the draw ratio scenario into a mathematical formulation that covers the draw ratio of a rectangle or a square.
To start, let us define some terms to make the formula more understandable.

D = Draw Ratio
H = Height of the Part

L1 = Length of Part

W1= Width of Part

L2 = Length of Available Material

W2 = Width of Available Material

And here is the formula:
D = 2H (L1 + W1) + 1

            L2 x W2
So what does this mean? In the above example, the mold is a female tool so the length and width of the part is the same as the length and width of the available material. Since in the above example the height, width and length of the part are all ten inches, by following through the formula we get 2 x 10 (10 + 10) / (10 x 10) + 1 or 4 + 1 = 5. This is the same value we got empirically by reasoning through the process above, namely a 5 to 1 draw ratio. Again as stated above, this is not practical so we have to look for other options.
Usually a good option to female drape forming when the draw ratio is too great is to redesign the part around the snapback process. Before we actually do this, let us set up a rule that is quite useful to follow in the snapback process.   For every four inches of height on the mold, we should have a minimum of one inch of clearance between the vacuum box wall and the vertical wall of the old. Thus if you covert the 10” x 10” x  10” female cube mold into a male mold for the snapback process, you need to build a vacuum box that has a minimum clearance of two and one-half inches from the vertical mold wall and the inside of the vacuum box. This is because the mold is 10 inches high. By incorporating these new values into the above formula, we find that the height, width, and length of the mold are still the same. However, the amount of available material went from 10 inches times 10 inches, or 100 square inches, to 15 inches by 15 inches or 225 square inches. This is a significant amount of more material to work with. However, since we now hove to cover the flange of the mold inside the vacuum box, we also have more surface area to cover. Since the top of the mold and the flange area of the mold are identical in area to the inside dimension on the vacuum box, we just add the four sides of the mold to the inside dimension of the vacuum box. Then we divide it by this inside dimension, (that is, available material). This is indeed what we are doing with the above formula. Two times 10(10 + 10)/15 x 15 (available material) + 1 gives you a draw ratio of 2.78 to 1, which is much more feasible in getting a formed part that is acceptable to customer. It should be noted that one of the objectives of thermoforming design is to keep the draw ratio of a part under 3 to 1 if it is possible. This will help immensely in controlling the amount of scrap you get in a job and the overall uniform distribution of material on the part.
As a sidelight, it should be noted that this would most likely save a small amount of material that will be needed to make the part. In the above example on the female mold, you would need a sheet that has a dimension of 14” x 14” x .500 thickness. This sheet would weigh 3.71 pounds in ABS. The sheet dimensions needed to get a comparable part with the snapback process would be 18.5” x 18.5” x .278 thick and would weigh 3.61 pounds. This is not a substantial amount but it is something. The real savings would come in the quality of the end part and the fact that the part made by the snapback process would require less than half the time to make and therefore would save a considerable amount of money in machine time. It is important to understand this concept to properly select the thermoforming process that will enable you to get the best part you can get. 
As I indicated, the formula stated above would cover all draw ratios that are concerned with squares or rectangles including secondary draw ratios. But what are secondary draw ratios? It is rare that a functional part is a perfect square or rectangle. In most cases, the part has a protrusion or pocket or depressions in it that will create a secondary draw ratio that will cause the part to be thinner in this area. If this pocket is a square or rectangle, you can use the exact above formula to calculate the draw ratio of this secondary square or rectangle. Again, it is important to observe these areas on a print to properly select the forming technique you should use and thickness of the sheet you need. Obviously this would be very important when quoting the part.

However, all shapes do not fall into the category of a square or a rectangle. To accommodate a spherical shape, we need to employ the following formulas. The first one holds when you are forming a spherical shape into a female mold and the second one comes into play when you are forming a spherical shape over a male mold. Here they are:

D = 2πr2

 


FEMALE MOLD
D = 2πr2 + ((L2 x W2) - πr2)

MALE MOLD
 L2 + W2
If one wishes, you could devise a situation where you could work the above formulas empirically but it is just as easy to apply the mathematics of the formula. These formulas also work for the secondary draw ratios.
A final shape that occurs quite frequently in part design is a cylinder and it may be necessary to calculate the draw ratio on this specific type of shape. To do this we can again use a specific formula for a female mold and a specific formula for a male mold. They are listed below as:

D = πr2  +  πdh



 FEMALE MOLD

   D = πr2 + πdh +((L2 x W2) - πr2)
     MALE MOLD

  L2 + W2
As indicated in the beginning of the discussion of draw ratios, this is an important concept to understand and it is invaluable in determining what process technique to use and what the cost of the part will be.

