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DEsiGN GUIDE FOR THERMOFORMING AND PRESSURE FORMING

Bo-Mer’s early involvement in YOUR design will pay off for YOU

At the onset of an idea for a plastic part, the method of manufacture must be determined.
To do this, evaluations of the size of the part, volume, time restraints, and tooling costs must be made.

Why Thermoforming/
Pressure Forming
over other plastic

production methods?

What is
Thermoforming/
Pressure Forming?

Part Design Parameters:

Part Size: A wide range of part sizes can be manufactured using the Thermoforming/
Pressure Forming process. Smaller parts will generally be formed on single station
machines, or if volume and starting gage (less than .062) dictates, on “in line” roll fed
equipment. Larger parts with gages of .062 and up will be formed on single station or
multi-station “rotary” machines. For large parts the primary limitation will be in the
size of the forming equipment.

Volume: Annual or Life of Project volumes will be a major factor in determining the
viability of the process chosen. Low volume parts will generally show a positive ROI
(return on investment) when considering total cost of the project when using the
Thermoforming/Pressure Forming method of manufacture. As the volume of the
product increases into several thousands annually, the ROI will tend towards alternate
methods of manufacture due to lower piece price. Thermoforming/Pressure Forming
tooling will still provide an overall cost saving,.

Time to Market Place: Bo-Mer’s quick turnaround using advanced CAD/CAM
systems, early design involvement and the use of temporary tooling can bring
prototypes and product to market in a fraction of the time as alternate methods of
manufacture.

Tooling Cost: Thermoforming/Pressure Forming tooling costs provide an advantage
at any level, but as part size increases, the advantage over alternate methods of
manufacture becomes even more apparent. Tooling for Thermoforming /Pressure
Forming can save as much as 80%- 90% over alternate processing methods and is
easily modified when necessary. j

Thermoforming — (Vacuum Forming - Drape Forming) are all synonymous with the
heating of thermoplastic sheet to a forming temperature, lowering the sheet on to a
mold/or plunging the mold in to the sheet. A seal is created between the sheet and
the mold, a vacuum is applied and entrapped air between the sheet and the mold

is removed. The atmospheric pressure (14.7 Ibs psi) will then force the sheet against
the mold while cooling. After cooling, the formed part is removed from the mold,
trimmed, and finished.

Pressure Forming follows the same basic steps through the application of the vacuum.
However, a pressure box is added to the process. The pressure box forms a seal on the
off-mold side of the sheet and air pressure (20 Ibs psi or greater) is introduced to force
the hot sheet against the mold surface. This additional pressure allows the textured
surface of the mold to be transferred to the part, and forms undercuts, ribs or louvers,
molded recess, etc.

Now that we have decided that the Thermoforming/Pressure Forming method of
manufacture is viable, lets look at design parameters that Bo-Mer’s design/
engineering personnel must consider in the design and manufacture of your part.

Length, Width, and Height of the part must be evaluated to determine mold size,
number of cavities to be considered (in conjunction with order quantity volume and
type of material), and size of sheet.
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Finished Wall Thickness of the part must be determined to establish the Starting
Gage of the sheet. Unlike the injection molding process in which the finished wall
thickness is determined by the opening between the two surfaces within the mold,
in the Thermoforming/Pressure Forming process, the starting gage of the sheet will
determine the average finished wall thickness. As part height increases, the starting
gage of the sheet also increase.

To determine the Starting Gage, the Draw Ratio must be established.
The surface area of the part is divided by the foot print of the part to establish
draw ratio.

Example: A part is 20 in. long by 10 in. wide by 4 in. high (20”1 x 10"w x 4"h)

Surface areais: (20" I x4” h) 2 + (10" w x4” h) 2 + (20" 1 x 10" w)
or 160 + 80 + 200 = 440 sq. inches

Foot print is: (20” 1 x10” w) = 200 square inches
Draw Ratio: 440 (surface area) / 200 (foot print) = 2.2

Starting Gage: multiply the Finished Wall Thickness (assume .100) of part by the
draw ratio of 2.2, then Starting Gage of sheet is .220 thick.

Be realistic when establishing the finished wall thickness as the starting gage
of the sheet heavily impacts the cost of the product!

Side Wall Draft is ideally at 1-1/2 degrees or greater. This amount of draft is
typically required in the release of the mold from the pattern in the initial casting
process as well as allowing the proper release of the part from the mold during the
molding process. When Pressure Forming is used, draft can be critical in the release
of a textured surface from the mold.

Minimum Allowable Radius has to be considered from the mold side and whether
they are an inside or outside radius. An inside radius should not be smaller than 75%
of the connecting vertical walls thickness. An outside radius of .015 can be obtained
if using Pressure Forming, but larger Radii are preferred for greater strength and
integrity of the part.

In a female mold or at the sheet line of a male mold, as the depth of draw (height of
part) increases the Radius must increase and at the convergence of corners, the
Radius has to increase substantially to prevent excessive thinning.

Undercuts are achievable through the Pressure Forming process (to a much lesser
degree in the Thermoforming process), with an ideal undercut no greater than .375
deep. Localized undercuts can be greater than .375 but the material thickness thins
out accordingly. Undercuts at corners will typically reduce part strength and
corrective action such as 1) increasing the sheet starting thickness; 2) backfilling the
corners with epoxy; 3) adding features to the mold such as cams or draws; or 4)

a combination of these actions.

Ribs/Louvers are accomplished through the use of the Pressure Forming process.
A basic rule of thumb is to have the distance between the Ribs/Louvers equal to or
greater than the height (or depth), respectively.

Molded Openings will follow the general guidelines as Ribs/Louvers.

Tolerances for the formed part should be within these parameters.
Styrenics: +/- .030 up to 12 inches, each additional inch = +/-.001
Olefins: +/- .030 up to 1 inch, each additional inch = +/-.001

Texture: “Most” sheet stock will come with a type of texturing on one surface.
Textured sheet is used primarily with male molds and will be sufficient in many
applications. If a specific textured surface is required, the molds will typically be
female, textured to a “Mold Tech” or similar specification, and the Pressure Forming
process will be used. Textures available on the molds are generally the same as avail-
able for injection molds. Textured molds will have a different type of casting process
used so that the surface finish of the mold will accept the etched texture finish.

Dimensioning of Part Drawings/CAD Files: All dimensioning for drawings or files
should be from the mold surface. (This is why Bo-Mer’s design engineers should be
brought in to the process during the development of the program).
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