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Thermoforming of Plastic 

Film and Sheet 

OVERVIEW 
Thennofonning is the process of heating a 
plastic material in sheet fonn to its particular 
processing temperature and fonning the hot and 
flexible material against the contours of a mold 
by mechanical means (e.g., tools, plugs, solid 
molds, etc.) or pneumatic means (e.g., differ­
entials in air pressure created by pulling a vac­
uum or using the pressures of compressed air). 
When held to the shape of the mold and al­
lowed to cool, the plastic retains the shape and 
detail of the mold. Because softening by heat 
and curing by the removal of heat are involved, 
the technique is applicable only to thennoplas­
tic materials and not to thennosets. 

Examples of thennofonned products are 
plastic or foam dinnerware, cups, meat and 
produce trays, egg cartons, refrigerator liners, 
computer housings, interior and exterior auto­
motive parts, blisters for packaging, and count­
less others. These common and often taken-for­
granted products are not usually thought of as 
the result of detailed tooling design, precise 
controlled heating and fonning, expert material 
technology, and trimming/finishing operations. 
Clearly, the thennofonning process is an im­
portant link in the plastics industry. 

The basic process as it is known today has 
been developing for over 40 years, but histo­
rians have found that the Pharoahs of Egypt de­
veloped a type of thennofonning by softening 
tortoise shells with hot oils to fonn food uten-
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sils. During World War II, with the develop­
ment of thennoplastics, thennofonning was 
used to produce aircraft canopies and domes, 
as well as relief maps. 

During the 1950s, thennofonning began to 
expand into new areas-acrylic windshields, 
outdoor signs, blister packaging, and refriger­
ator door liners. 

Exceptional growth occurred during the 
196Os, as thennofonning became one of the 
major plastics fabricating techniques. High­
volume markets for individual-portion food 
packaging, blister packaging, and appliance 
housings were developed. 

The 1970s brought an emphasis on high-vol­
ume, high-speed processing machinery-and 
viable competition with the pulp and paper in­
dustry resulted. 

Advantages of thennofonning over most 
other methods of processing plastics include 
lower tooling and machinery costs, high output 
rates, the ability to use predecorated plastic 
sheet, and good-quality physical properties in 
finished parts. 

Its disadvantages include the need to begin 
with sheet or film rather than less costly basic 
resins, trimming material used to clamp sheet 
for fonning, and the problem of trim scrap re­
clamation. 

METHODS OF THERMOFORMING 

Because there are so many different techniques 
for thennofonning plastic sheet, the basic 
fonning methods will be reviewed in this sec-
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tion. Many of the illustrations (Figs. 13-1 
through 13-14 inclusive) are based on equip­
ment incorporating parallel-acting frames, 
heaters above and below the sheet stock (called 
sandwich heaters and capable of heating both 
sides of the sheet), and top and bottom mov­
able platens with vacuum or compressed air, 
enabling the use of male or female molds and 
plug assists. With this flexibility, any of the 
known techniques can be used. There are, of 
course, many variations in thermoforming 
techniques that go beyond this simplified ap­
proach, such as folding book-action frames, 
single heaters above and below, alternating 
molds, and so on. 

It should also be noted that, according to 
general terminology, the term "male molds" 
connotes a primarily convex mold; "female 
mold" is a primarily concave mold; the "ring" 
is the initial plane from which the sheet is 
drawn to shape it; a "plug" (which mayor may 
not be the male mold) is the component of the 
mold that moves through the ring and carries 
the sheet of plastic with it. 

Vacuum Forming into a Female Mold 

To vacuum form a thermoplastic sheet into a 
female mold without prestretching, the ratio of 
depth to minor dimension of a given section 
should not be greater than 1: 1, and no sharp 
inside radii are required. The sheet stock is 
locked in a frame around its periphery only, is 
heated to a predetermined temperature, and 
then is brought into contact with the edge of 
the mold. This contact should create a seal so 
that it is possible to remove the air between the 
hot plastic and the mold, allowing atmospheric 
pressure (about 14 psi) to force the hot plastic 
against the mold. 

Most thermoplastics sheets (with the excep­
tion of cast acrylic) can be easily formed with 
vacuum. The reasons for using a female mold 
are: greater details can be achieved on the outer 
surface of the part (the side against the mold); 
multiple cavities can be placed closer together; 
and this type is easier to work with when close 
tolerances are needed on the outside of the part. 
Female molds are more expensive to make than 
male molds, however. 

THERMOPLASTIC SHEETS 

= r---------------. L _______________ J 

Female mold on platen-frames open-heaters idle. 

* !~ 
~~ 

Stock in plac&-frames closed-heaters active. 

o r--------- --------, L ______________ ~ 

Heaters idle-frames lowered. drawing stock 
into contact with mold. 

,--------------, L ______________ j 

,--------------, L _______________ J 

Vacuum applied-stock cooling. 

= .c::::J 
& ,----------------, t T L ______________ J 

~ 
~~ 

Cycle completed-iOquipment idle. 

Fig. 13-1. Vacuum forming. 
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Vacuum forming is illustrated in Fig. 13-I. 
When this method is used to make an article 

having an irregular ring line or periphery, the 
stock is not held by a frame, but is draped man­
ually to the required contour in such a way as 
to make a seal possible. After that, the proce­
dure described above is followed. 

Pressure Forming into Female Cavity 

Instead of relying on atmospheric pressure 
against a vacuum (as in vacuum forming, 
above), forming by compressed air at up to 500 
psi is now also common. Positive air pressure 
is applied against the top of the sheet to force 
it into a female mold, and, at the same time, 
full vacuum also is applied. As contrasted to 
vacuum forming, pressure forming offers a 
faster production cycle (the sheet can be formed 
at a slightly lower sheet temperature), greater 
part definition, and greater dimensional con­
trol. (See Figs . 13-2 and 13-3 .) 

Free Forming 

This variation, also called free blowing has 
been used with acrylic sheeting to produce parts 
that require superior optical quality. The pe­
riphery is defined mechanically by clamping, 
but no mold is used, and the depth of draw is 
governed only by the vacuum or compressed 
air applied. Visual control or an "electric eye" 
is used to cut off the pressure when the required 
depth or height is reached. 

Fig. 13-3. Computer housing is an example of pressure 
forming , providing critical part definition and textured 
effect. (Courtesy CAM/Central Automated Machinery , 
Inc.) 

Plug-Assist Forming 

Straight cavity forming is not well adapted to 
forming a cup or box shape. The sheet , drawn 
down by vacuum, touches first along the side 
walls and then at the center of the bottom of 
the box-shaped mold and starts to cool there, 
with its position and its thickness becoming 
fixed. As the sheet continues to fill out the 
mold, solidification continues in such a way as 
to use up most of the stock before it reaches the 
periphery of the base; hence this part of the ar­
ticle will be relatively thin and weak. This 

VE~T HOLES 
Fig. 13-2. Pressure forming into female cavity. Heated sheet is clamped over cavity, and compressed air pressure forces 
the sheet into the mold. (Courtesy Dow) 
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characteristic is undesirable in a cup shape, and 
usually unacceptable in a box shape, in which 
the thinness will be most marked at the comers 
of the base. 

To promote uniformity of distribution in such 
shapes, designers use the plug assist-any type 
of mechanical helper that carries extra stock to­
ward an area that otherwise would be too thin. 
Usually the plug is made of metal, and heated 
to a temperature slightly below that of the hot 
plastic, so as not to cool the stock before it can 
reach its final shape. Instead of metal, a 
smooth-grained hard wood can also be used, or 
a felt-covered phenolic or epoxy; these mate­
rials are poor conductors of heat and hence do 
not withdraw much heat from the sheet stock. 
Syntactic foam has been very popular for this 
application. 

The plug-assist technique is illustrated in 
Fig. 13-4. Note that it is also possible to re­
verse mold and plug assist from the bottom 
platen to give better material utilization around 
the edges. 

Both cavity and plug-assist forming make 
possible the production of shapes having pro­
tuberances on their inner surfaces, formed in 
contact with plugs projecting from the interior 
of the female mold. In the sides of an article 
such protuberances constitute undercuts, so tha~ 
ordinarily the sections that form them must be 
withdrawn in order to release the article from 
the mold. But some undercut articles made from 
tough flexible sheeting can be sprung out of the 
mold. 

Plug-assist techniques are adaptable to both 
vacuum forming and pressure forming tech­
niques. The system shown in Fig. 13-4 is 
known as plug-assist vacuum forming in that a 
vacuum is drawn after the plug has reached its 
closed position to complete formation of the 
sheet. In plug-assist pressure forming, the pro­
cess differs in that after the plug enters the 
sheet, a partial vacuum is applied. Where the 
plug bottoms out, a full vacuum is drawn, and 
compressed air is applied to the opposite side. 
As opposed to plug-assist vacuum forming, 
pressure forming offers more uniform material 
distribution over the entire formed part (see 
Fig. 13-5). 

Drape Forming 

This method also is adaptable to either machine 
or manual operation. After framing and heat­
ing, the stock is mechanically stretched over a 
male mold to allow the framed edge to make a 
seal with the periphery of the mold. This 
stretching serves to redistribute or preform the 
sheet prior to application of the vacuum. It has 
the disadvantage of allowing the stock to touch 
prominent projections, freeze there, and per­
haps rob other areas of sufficient mass to make 
acceptable articles. Careful control of the tem­
perature of the mold, plus selective heating of 
the sheets, can alleviate some difficulties. Many 
articles are well adapted to this technique, 
which has the advantages of low cost for both 
mold and machine, and rapidity of operation. 
This technique is illustrated in Fig. 13-6. 

The term "drape forming" sometimes is ap­
plied to forming a hot sheet by laying it over a 
mold (either male or female) and allowing it to 
conform by gravity or pressure. 

Matched Mold Forming 

In recent years, a number of mechanical tech­
niques that use neither air pressure nor vacuum 
have evolved. Typical of these is matched mold 
forming (Fig. 13-7). In this operation, the plas­
tic sheet is locked into the clamping frame and 
heated to the proper forming temperature. A 
male mold is positioned on either the top or the 
bottom platen with a matched female mold 
mounted on the other one. 

The mold then is closed, forcing the plastic 
to the contours of both molds. The clearance 
between the male and female molds determines 
the wall thickness. Trapped air is allowed to 
escape through both mold faces. Molds are held 
in place until the plastic cools and cures. 

Matched mold forming offers excellent re­
production of mold detail and dimensional ac­
curacy. Internal cooling of the mold is desir­
able in this technique. 

Trapped Sheet 

This thermoforming technique involves the use 
of both contact heat and air pressure (Fig. 
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~---------------~ 

~---------------, L _______________ ~ 

Female mold and plug assist JTlulIllted­
frames open -heater~ idle. 

* I ! ~ 

~~ 
Stock in place---frames closed--heatel's active. 

r---------------, L _______________ • 

I ,---------------, I , ~ ______________ J, 

~=L 
Heaters idle-frames lo\ ... ·ered,drawing stock 

into contact with mold. 
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,-------- ------, 
L__ _____ _ _____ -1 

---+----- ----~---, 

Plug assist lowered-prestretching t.he ,tock. 

_ . ______________ . __ ....J 

!'w~ ________ _ "'0',- . 
" '- - - --- - - - -- .-

Yacuum applied--plug atisist ret.racted-fans operating. 

Cycle completed---equipment idle. 

Fig. 13-4. Plug-assist fonning, using vacuum. 
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® 

Fig. 13-5. Plug-assist pressure fonning . (Courtesy McGraw-Hill) 

~ c::J 

[==---------_-_-_-_-_-:~=J 

r-------- ---- - - -, 
L ____ _ _________ J 

M ale m o ld on platen- fra mes o pen- heatel·s idle. 

Stock in place-fnlmes closed--heaters active. 

r--------------, L ______________ , 

r---- - ---- - -- - -. L ___ _ _____ _ ___ -1 

Frallies lowered t o :stretch stock and to make 
a seal at edge of mold . 

Fig. 13-6. 

.--------------, '---- __________ ..J 

Vacuum applied. 

,-------------, L..- _____________ J 

r--------------l 
L___ __J 

Vacuum released-blowoff applied- ·frames 
rising with {ornled article. 

Cycle completed-equipment idle. 

Drape fonning. 
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- 11:..:-_ ~ Vat. or 
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. lL -

(Steel knlte :n be 
used tor seol ond 
subsequent Trom If 
addiTional pressure can 
be elerled ot this staqe 

Fig. 13-8. Trapped sheet fonning. (Courtesy McGraw­
Hill) 

13-8). The plastic sheet is inserted between the 
mold cavity and a hot blow plate (which is flat 
and porous to allow air to be blown through its 
face). The mold cavity seals the sheet against 
the hot plate . Air pressure is applied from the 
female mold beneath the sheet and blows the 
sheet against the contact hot plate. A vacuum 
also can be drawn on the hot plate. After heat­
ing, the plastic sheet is ready for forming. 

Air pressure applied through the hot plate 
forms the sheet into the female mold. Venting 
or vacuum can be used on the opposite side, 
and steel knives can be inserted into the molds 
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r------------, 
l ____________ J 

= = 1------------, 
L ____________ .J 

Male mold mounted-risers on platen-frame 
open above forming ring-heaters idle. 

Stock on ring-frame closed-heaters active. 

r-----------, '-___________ ...J 

.-.----------....., L __________ ...J 

t 

Plug lowered-stretching stock to shape. 

Cycle completed-equipment idle. 

Risers up-heaters idle. Varlation: with female plug added. 

Fig. 13-9. Plug-and-ring forming. 
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for sealing. After fonning, additional closing 
pressure can be exerted for trimming. 

Plug-and-Ring Forming 

This is the simplest type of mechanical fonning 
that involves more than a fold into two planes. 
The equipment consists of a plug, which is the 
male mold, and a ring matching the outside 
contour of the finished article. Stock may be 
heated away from the ring or on the ring, after 
which the plug is forced through the ring, 
drawing the plastic with it in such a way as to 
redistribute the stock over the shape of the plug. 
In order to prevent excessive chilling of the 
plastic, either the plug is made of a material of 
slow thennal conductivity, or, if it is made of 
metal, its temperature is controlled. This 
method, illustrated in Fig. 13-9, has been used 
for the manufacture of single- and multicavity 
trays, with excellent yields in large volumes. 

Ridge Forming 

This is a variation of plug-and-ring fonning in 
which the plug is reduced to a skeleton frame 
that detennines the shape of the article. Be­
cause the sheet comes into contact only with 
the ridges of this frame, the intervening flat 
areas are free from mold surface defects or 
"mark-off" and have better surface quality than 
if fonned against a solid mold. (See Fig. 
13-10.) 

If a skeleton frame that surrounds a plane is 
used, the areas of the fonned piece are plane 
surfaces. In other shapes with ridges that do not 
fall in a plane, the intervening surfaces tend to 
be concave. 

Slip Forming 

This method is adapted from the technique of 
drawing metal from a preshaped blank having 
approximately the same area as that of the 
drawn article; thus an article 4 x 4 inches and 
2 inches deep is made from an irregularly 
shaped blank about 8 x 8 inches, held in pres­
sure pads corresponding to the length and width 
of the article, and allowed to slip from them as 

Fig. 13-10. Ridge fonning. 

drawing proceeds. As applied to the fonning of 
plastics, this metnod is restricted by the hot 
strength of the plastic, and by the likelihood of 
its being scored in slipping out of the restrain­
ing pressure pads. 

This technique is illustrated in Fig. 13-lla; 
a variant of it is shown in Fig. 13-11b. The 
springs shown in these drawings can be re­
placed by air cylinders with relief valves, to 
improve the control. Automotive carpeting is 
fonned in this way, as are woven fabric rein­
forced materials. 

Snap-Back Forming 

The vacuum snap-back techniques preceded so­
called vacuum fonning machines by several 
years. In the 1940s most deep draw point-of­
sale plastic displays were made by this process. 

The ring matches the desired periphery of the 
article. In mechanical operation, the cold sheet 
of plastic is clamped to the ring close to its 
fonning edge, and is heated; the vacuum box 
beneath the ring is moved into contact with the 
ring to make a seal. In manual operation, the 
sheet is preheated and clamped to the ring, and 
the ring is placed over the vacuum box. A small 
bubble of the plastic is drawn into the box, by 
vacuum, just ahead of the male mold. As soon 
as the male mold reaches its final position, the 
vacuum in the prestretch box is released, and 
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1L 1 

Male mold on platen-spring-loaded pads open­
forming ring with risers above. 

Stock in place-ring moving downward. 

Stretching in prog'"eSs-stock slipping inward. 

Forming completed-stock slipped to optimum. 

Cycle completed-equipment idle. 

Fig. 13-11a. Slip fonning. 

Variation: narrow ring- -clillS to restl'ict slil'page. Forming cUlnpletoo--elips against ring. 

Fig. 13-11b. Slip fonning. 
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the hot plastic snaps back around the mold with 
the vacuum now applied to the mold. This 
method produces good unifonn wall thickness. 
It is entirely possible to control all phases of 
this procedure with microprocessors or timers 
and limit switches, so that repetitive perfor­
mance is guaranteed. 

Many cases and luggage shells and computer 
housings made from grained or textured sheet 
are fonned by this technique. Also, materials 
such as acrylic cast sheet, that have high hot 
strength and do not confonn to small radii un­
der vacuum alone, frequently are fonned over 
a male mold by such a process. (See Fig 
13-12.) 

A variation of this process is known as the 
air-slip method. The male mold is confined in 
a box in such a manner that, as it moves toward 
the hot plastic, air is trapped. As pressure builds 
up, the plastic is pushed ahead of the mold just 
as is done with vacuum snap-back. When the 
mold is in final position, the air is released, and 
the vacuum is applied to the mold to define the 
details. 

Billow-Up Prestretch Techniques 

There are at least three variations of this pro­
cess worthy of study, but all employ the prin­
ciple of pushing the plug into the outside of a 
bubble of hot plastic, thus accomplishing a 
folding operation that pennits deeper draws 
than are possible by any other common prac­
tice. The final shape may be detennined by a 
male mold or a female mold. The latter is rec­
ommended except when a grained stock is used 
and the grain is on the outside of the article, or 
when the original surface gloss of the sheet 
might be impaired by contact with a mold. 

The material is thinned at the center of the 
bubble before contact with the plug. A free­
blown hemisphere has at its center a thickness 
about one-third that of the original sheet. The 
thinned area, however, remains in contact with 
the plug (or male mold), and is carried by it. 
Further stretching occurs in the thicker side 
area, so that the finished article has approxi­
mately unifonn thickness. 

Billow-Up Plug Assist (or Reverse Draw 
with Plug Assist) 

The stock is placed in the frame and heated. 
Then the female mold is moved into the stock 
close to the edge of the frame, deep enough to 
maintain a seal while a bubble is blown. Air is 
introduced into the female mold to a pressure 
of about 1 to 3 psi, or more, sufficient to create 
a bubble toward the plug. The plug, in this case 
only a sheet-carrying assist, is heated to a tem­
perature only slightly less than that of the hot 
stock itself. As it is moved, it pushes the redis­
tributed stock into the cavity in a folding or 
rolling action. The plug is designed slightly un­
dersize, about 85 %, but should move the stock 
to a shape quite close to its final position in the 
female mold. The final shaping then is accom­
plished with vacuum and/or compressed air 
being applied to the female mold. (See Fig. 
13-13.) 

By regulating the temperature of the stock, 
the height of the bubble, and the temperature 
and speed of travel of the plug assist, as well 
as the release of air pressure and application of 
vacuum, it is possible to closely control the 
thickness of any given section of the article. 
One exception is that comers never will be thin 
because the folding or rolling action as the plug 
moves downward gathers extra stock around the 
comers. Articles fonned into a cavity shrink 
away from the mold; so little draft is required 
in the mold. 

By this process articles may be drawn with 
unifonn wall thicknesses less than 25 % of the 
original stock thickness, with repetitive qual­
ity, and usually without apparent impainnent 
of the physical properties of the original ma­
terial. But in some cases a uniaxial orientation 
of stress may develop, so that the finished ar­
ticle is crack -sensitive parallel to the direction 
of stretch. This becomes more noticeable if the 
flanges are trimmed off. 

Billow-Up Vacuum Snap-Back 

The third version of this method is used with 
grained or polished stock on a male mold, to 
preserve the finish. The blank must be oversize 
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,--------------, 
L _____________ .J 

= = ,--------------, 
L _____________ J 

Male mold abovl>-vacuum chamber below-frame open­
forming ring and heaters idle. 

Forming completed-vacuum released for snap-back. 
(Vacuum should not be I'eleased until ma.le mold is in place.) 

Stock on ring-frame closed-heaters active. Vacuunl chamber retracted-fans operating. 

Vacuum chamber up-heaters idle-vacuum applied. Cycle cOlllpleted--equiplnent idle. 

Fig. 13-12. Snap-back forming. 
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= r--------------, 
l ______________ I 

r-------------..., 
'- _____________ ..1 

Female mold below-plug assist above­
frames open-heaters idle. 

~l l¥ 

~~ 
Stock in place-frames closed-heaters active. 

Stage one: Heaters idle-mold Up-buloble started. 
Stage two: Plug assist partially down-bubble maintained 

around perimeter. 

r----- ------, L____ _ _____ , 

Plug assist down-pressure in mold released. 

,..------ -- -- - ---, ' L _____________ .J 

!J.D-s::::: :--------------: 'iSlf? "'6~ ________________ ::::::-

Vacuum applied-vlllg assist retracted-fans operatinll'o 

I \ 

+ t 
Cycle colllpleted'-equipmellt idle. 

Fig. 13-13. Reverse draw with plug assist. 
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.-----------, L ___________ ...J 

}4""emale mold below-plug assist above­
franles open-heaters idle. 

Stock in place-frames clo~ed-heaters active. 

t t t 
Stage one: Heaters idle-mold up-bubble started with hot air. 
Stage two: Plug assist partially down, cushioned with hot ail'-

bubble 1118·intained around perimeter with hot air. 

Plug assist down-pressure in mold released. 

1 
r------- --- --1 
I _____________ J 

q;:~ ,--------------, -:/~~ -.:::::: '- __ ----------J "-/ 

Vacuum applied-plug assist retracted-fans operating. 

= =r= t r------------, + 
L ___________ --' 

~ ~ 
'-~LJ; 

~~ + + 
Cycle completed-equipment idle. 

Fig. 13-14. Reverse draw on a plug. 
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to provide a bubble of sufficient size and shape, 
so that when the mold comes into contact with 
the outside of the bubble, the stock that touches 
the bottom of the mold freezes there and need 
not be reduced further in thickness or change 
its shape. Corners should be "cut" to avoid 
"webbing." The forming ring matches the fin­
ished article and assists in "wiping" the stock 
around the mold as the mold moves into final 
position. (See Fig. 13-14.) 

The mold should be run as warm as is com­
patible with efficient cooling of the article. It 
should be a temperature-controlled aluminum 
mold. 

Dual Sheet Forming 

A number of techniques have been made avail­
able for the production of hollow products by 
thermoforming. Typical is the concept of dual 
sheet thermoforming (also known as twin-sheet 
forming). It operates as follows: Two rolls of 
plastic sheet are automatically fed, one above 
the other, with a predetermined space in be­
tween, through the heating stations and into the 
" forming station. Here a blow pin enters at the 
central point of the hollow object (i.e., in be­
tween the two sheets), and the upper and lower 
halves of the tool close onto the sheets and 

pinch off around the entire perimeter. High­
pressure air then is introduced between the two 
sheets from the blow pin, and a vacuum is ap­
plied to each of the two mold halves. The hol­
low object then indexes forward, and the next 
two segments of sheet move into place for 
forming. 

In one variation of the process, urethane 
foam instead of air pressure is introduced be­
tween the two sheets. The urethane bonds to 
the two skins, forming a rugged sandwich con­
struction. This technique is applicable to the 
manufacture of urethane foam-filled boat hulls. 

Another technique for making hollow prod­
ucts is known as clam-sheel forming. This is a 
sheet-fed technique involving the use of a ro­
tary-type machine. The individual sheets are 
placed in separate clamp frames, and then in­
dexed through the heating station and into the 
forming station. Here, a vacuum is applied to 
both halves of the mold to draw the upper sheet 
into the upper mold half and the lower sheet 
into the lower mold half. (See Fig. 13-15.) 

Still another method, known as twin-shell 
forming, involves the use of a series of contin­
uously moving molds (traveling on belts) that 
clamp onto the sheets (feeding off rolls) and 
travel with them as the vacuum is pulled and 
the sheet halves are formed. (See Fig. 13-16.) 

Fig. 13-15. Dual-sheet thermoforming is accomplished on this four-station rotary thermoformer by two sheets of 
thermoplastic material that are heated independently and are permanently bonded in the forming station. (Courtesy CAM! 
Central Automated Machinery, inc.) 
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Fig. 13-16. Dual-sheet fonning. (Courtesy CAM/Central Automated Machinery, Inc.) 

THERMOFORMING MACHINES 

Industrial thennofonning machines are as var­
ied as the products they were designed to pro­
duce. They range from relatively simple, shal­
low-drawn, manually controlled equipment to 
complex, microcomputer-controlled rotary and 
in-line machines designed for production and 
efficiency, and to the recent "totally electric" 
thennofonners. 

Any thennofonning machine must provide 
the following: (1) a method for heating sheet 
to the pliable plastic state called the "fonning 
temperature; (2) a clamping arrangement to 
hold the plastic sheet for heating and position­
ing for fonning; (3) a device to raise or lower 
the mold into the plastic sheet or to move the 
clamped sheet over the mold; (4) a vacuum 
system; (5) an air-pressure system; (6) controls 
for the various operations; and (7) safety de­
vices. 

Machines often are classified according to the 
number of operations they perfonn, as dis­
cussed below. 

This section presents two types of thenno­
fonning machinery-cut-sheet and roll-fed. 

Cut-sheet or sheet-fed machinery utilizes 
material typically .060 inch up to .500 inch 
thick, being ideally suited to fonning large du­
rable goods such as industrial pallets, boat 
hulls, computer housings, automotive compo­
nents, and refrigerator door liners. 

Roll-fed or continuous-type thennofonners 
are fed from a continuous roll of plastic sheet, 
usually less than .035 inch thick, or fed directly 
from an extruder. Typical applications are high­
production items such as plates, cups, trays, 
and blister packaging. (See Fig. 13-17.) 

Single-Stage, Sheet-Fed Machines 

A single-stage machine can perfonn only one 
operation at a time, and its total cycle will be 
the sum of the times required for loading, heat­
ing, fonning, cooling, and unloading. In a typ­
ical operation, the sheet is clamped in a frame, 
and the frame is moved between the heaters (or 
under a single heater) and back to the fonning 
station forthennofonning. (See Figs. 13-18 and 
13-19.) 
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Fig. 13-17. Typical products on roll-fed continuous thermoformers. (Courtesy Lyle Industries. Inc.) 

Fig. 13-18. Single-stage shuttle thermoformer for cut­
sheet applications. Material is loaded into clamp frame, 
moved into oven area, shuttled back into form station. and 
then unloaded. (Courtesy CAM/Central Automated 
Machinery. Inc.) 

Multiple-Stage, Sheet-Fed Machines 

A two-stage machine can perform two opera­
tions simultaneously. It usually consists of two 
forming stations and a bank of heaters that 
move from one station to the other. Machines 
with three stages or more usually are built on a 
horizontal circular frame and are called rotar­
ies. (See Fig. 13-20.) The rotary thermoformer 
operates like a merry-go-round, indexing 
through the various stations. A three-stage ro­
tary machine would have a loading and unload­
ing station, a heating station, and a forming 
station, where cooling also takes place, and 
would index 90° after each operation. Because 
there is always a sheet in each of the stations, 
it provides considerably higher output than a 
single-station machine. (See Fig. 13-21.) 

Four-stage rotaries can incorporate various 
station configurations (i.e., load/unload, pre­
heat, heat, form; or load, heat, form, and un­
load). 
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Fig. 13-19. Single-stage forming unit. (Courtesy Dow) 

In-Line, Sheet-Fed Machines 

Here, the sheet follows the same pattern as a 
caterpillar track. The sheet is clamped in a 
frame that travels into the heating station, then 
indexes through the forming station and on to 

Fig. 13-20. Three-stage rotary unit. (Courtesy Dow) 

the unloading station, where the part is re­
moved by the operator. This type of machine 
has a total of five clamp frames in use at all 
timeJ. 

Continuous Roll-Fed Machines 

In the early days of thermoforming, continuous 
forming machines that fed off a roll of plastic 
or directly from an extruder used either a ro­
tating cylinder as the mold (drum former) or 
conventional molds that traveled horizontally 
at the same speed as the sheet (the upper and 
lower platens moved with the sheet but had a 
reciprocating motion so that they could index 
to the next unformed section of sheet, once the 
forming cycle was complete). 

The workhorse of the industry today, how­
ever, is the intermittently fed continuous form­
ing machine (used for thin wall containers, dis­
posable cups, lids, etc.). (See Fig. 13-22.) This 
machine is fed either from a roll or directly 
from an extruder. As opposed to the systems 
described above, however, the sheet is indexed 
through the machine intermittently. It is con­
siderably faster than those techniques where the 
sheet is continuously moving through the ma­
chine, and the molds have to move back and 
forth. 
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Fig. 13-21. Three-state rotary thermoformer includes load/unloaded station, heat station, and form station. (Courtesy 
CAM/Central Automated Machinery , Inc. ) 

Fig. 13-22. Roll-fed continuous thermoformer in-line with trim press for high production of thin-wall products. (Courtesy 
Lyle Industries, Inc. ) 

In a typical operation, the sheet feeds off a 
roll at the rear of the thermo former into a set 
of conveying chains that indexes the sheet in­
termittently forward through heating, forming , 
and trimming. Once the roll of material is 
threaded through the system, it functions com­
pletely automatically and can cycle as fast as 
two seconds. 

Packaging Machines 

Although most of the equipment already dis­
cussed can be used to form plastic packages, 
several machines have been adapted to com­
bine the forming operation with other packag­
ing functions. Such machines are used chiefly 

for skin or contour packaging and blister pack­
aging. Both processes involve the sealing of 
paperboard or plastic to the formed plastic 
sheet, with the product to be packaged en­
closed. Most conventional machines can be 
equipped to handle skin packaging, as the load­
ing operation is usually manual. (See Fig. 
13-23.) These machines may operate from roll 
or sheet stock, and some are equipped to trim 
the packages as they leave the machine . 

Rather elaborate machines now are available 
for complete blister packaging. These ma­
chines will form the blisters, provide an area 
for manual or automatic loading, seal paper­
board to the back side, and die-cut the finished 
packages. Generally, they operate with inter­
mittent or continuous feed of roll stock, and the 
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Fig. 13-23. Typical thennofonned blister packaging and box inserts, unusually fonned to the shape of the product to 
be packaged. (Courtesy Lyle Industries, Inc.) 

various functions are performed simulta­
neously at a sequence of stations in-line. 

Form/fill/seal equipment is widely used, in 
which a package is formed, immediately filled 
with the product to be packaged (in some cases, 
a liquid product also can be used as a pressure 
medium to assist in forming), and then sealed . 
Because aseptic features are required for ma­
chines of this type, all operations generally are 
enclosed in pressurized sterilized air chambers. 

MATERIALS 

The thermoplastic material used for thermo­
forming is one of the most important factors in 
the process. The properties and characteristics 
of a particular material will determine its ther­
moforming qualities. As the thermoforming 
process has become increasingly important, the 
emphasis of extruders has turned to producing 
sheet specifically to meet the demands of ther­
moforming markets (i.e., multilayer barrier 
materials for shelf-stable food packaging or 
larger sheet for the production of products such 
as boats, pallets , signs, siding for houses, etc.). 

Current maximum dimensions for thick sheet 
are limited by the presently available manufac­
turing facilities (sheet up to 10 feet wide x 14 
feet long). But some manufacturers will pur­
chase a thicker sheet than required and 
"stretch" it with a thermoformer to obtain a 
larger mold area (i.e., swimming spas) . Future 
mold sizes may be almost unlimited in this 
case. Thinner sheeting (produced by extrusion, 
calendering, or continuous casting) is available 
in rolls of several hundred feet in length. 

Various modifications to the body or surface 
of the plastic sheet can be incorporated during 
the extrusion process to produce specialized ef­
fects. The modified material may be: 

• Coextruded-in an increasingly popular 
process that affects the surface quality for 
a desired application, such as weather re­
sistance, or impact/mar resistance; multi­
layers provide various "barrier" qualities 
for food packaging and "shelf-stable" 
items. 

• Flocked-usually providing a velvetlike 
layer for decorative box inserts. 
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• Textured-so that it can provide a leather­
or woodlike look and feel, or an engraved 
look. 

• Tinted-providing translucent color. 
• Pigmented-giving solid coloring. 
• Metallized-shiny and mirrorlike; here the 

material is difficult to thermoform because 
of the sheet's reflectiveness to radiant heat 
and thinning upon stretching. 

• Filled-enabling cost reduction, as well as 
enhancement of physical qualities (i.e., 
improving rigidity; increasing impact re­
sistance). 

• Foamed-a type popular in fast-food 
packaging because of heat-insulating 
qualities; this modification is a resin-ex­
tender, making it cost-effective. (See Fig. 
13-24.) 

Two of the fastest-growing areas for ther­
moforming today utilize composites/engi­
neered materials and polypropylene. 

Engineered materials and composites are 
very popular in the automotive body panel and 
aerospace component markets because of high 
structural strength and flame resistance. New 
developments in thermoforming equipment are 
making thermoforming a viable and cost-effec­
tive alternative to blow molding and injection 
molding. 

More competitive pricing of polypropylene 
in the last few years has made it the most cost­
effective resin for the booming microwavable­
container market. Resin suppliers are taking 
giant steps to produce more thermoformable 
polypropylene for processors with conven­
tional melt-phase forming equipment. (See be­
low, section on thermoforming of coextruded 
structures and other special materials.) 

Let us now note some of the unique charac­
teristics and properties of thermoplastic sheets 
that must be taken into account when consid­
ering thermoforming. 

Plastic Memory 

Most thermoplastics possess enough elasticity 
when they are hot that when stretched, by me­
chanical or pneumatic means, they tend to draw 
tight against the force that stretches them and 

to stretch uniformly. These characteristics per­
mit forming against a single mold, which is a 
common practice in many thermoforming 
methods (as distinguished from matching male 
and female molds, used in most other plastic 
processing techniques). Reheating a formed 
part to the original forming temperature will 
activate the so-called plastic memory and cause 
it to relax back toward its original shape (i.e., 
a flat blank). Hence, errors in the contours of 
formed parts often can be corrected by re-form­
ing. It also is possible to decorate a formed part, 
then relax it back to the original flat, and use 
the "distorted" pattern to print subsequent 
sheets "in distortion." The printed sheets can 
then be formed into products in which the dec­
orative elements will be in perfect register on 
the three-dimensional surface. 

Hot Elongation or Hot Strength 

All thermoplastic sheet materials can be 
stretched when hot, but this property varies 
greatly with different materials, and under dif­
ferent conditions, and it is measurable. It is in­
timately related to temperature and to speed of 
elongation, and, in many of the methods de­
scribed earlier, it is of critical importance. Be­
cause of its dependence on the correct tem­
perature, methods of heating, methods of 
stretching or forming, choice of material for 
molds, and related methods of cooling on the 
mold, hot strength is referred to frequently. 

Some commercial sheet stocks can be 
stretched as much as 500 or 600 % over their 
original area; others stretch as little as 15 to 
10 %. Naturally this characteristic has a great 
influence on what shapes can be produced and 
the quality of what is produced. 

Some materials at forming temperatures be­
come almost putty like and respond to a mini­
mum of pressure, either pneumatic or mechan­
ical, in such a way as to pick up every detail 
of the mold. Others exhibit strong resistance, 
and thus require heavier equipment and tools. 
The limited differential of pressure available in 
vacuum methods may not suffice to provide 
small details in some formed articles. In such 
cases, compressed air can be added. 

This property is somewhat related to the 
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Fig. 13-24. Typical thennofonned foam products (fast-food packs, meat trays, egg cartons, and dinnerware) provide 
protection to the product as well as cost-effective packaging and heat-sealing qualities. (Courtesy Brown Machine, Div. 
John Brown) 

ability to be stretched while hot, but does not 
run parallel to it. The hot strength of thermo­
plastics varies dramatically with temperature 
changes, but very little with gauge variations. 

Temperature Range for Forming* 

Amorphous thermoplastics (ABS, acrylic"sty­
rene, polycarbonate, and vinyl, for example) 
do not have melting points. Their softening 

*By William K. McConnell, Jr., McConnell Co., Inc., 
Fort Worth, TX. 

with increase of temperature is gradual, and 
each material has its own range of specific pro­
cessing temperatures. Selection of the forming 
temperature comes by knowing the degradation 
temperature and then determining the highest 
temperature under that where the sheet has 
enough "hot strength" to handle and still form 
properly. 

Crystalline thermoplastics, such as polyeth­
ylene, polypropylene, and nylon, have sharp 
melting points. Unfortunately, most of the 
forming temperatures are the same as the melt­
ing temperatures. Polypropylene should be 
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heated to 330°F for the proper thermoforming 
temperature; however, regular grades melt at 
330°F. Special grades and modifiers have been 
developed recently to give good hot strength at 
these temperatures. 

Table 13-1 shows the processing tempera­
ture ranges for the thermoforming of some pop­
ular thermoplastic materials. 

Thermoforming Processing Temperatures 
(see Table 13-1). 

1. Mold and Set Temperature. The set tem­
perature is the temperature at which the ther­
moplastic sheet hardens and can be safely taken 
from the mold. This is generally defined as the 
heat distortion temperature at 66 psi (455 kPa). 
The closer the mold temperature is to the set 

temperature without exceeding it, the less one 
will encounter internal stress problems in the 
part. For a more rapid cycle time, if post­
shrinkage is encountered, post-cooling fixtures 
can be used so that parts may be pulled early. 

2. Lower Processing Limit. This column 
shows the lowest possible temperature for the 
sheet before it is completely formed. Material 
formed at or below this limit will have severely 
increased internal stress that later can cause 
warpage, lower impact strength, and other 
poorer physical properties-another reason for 
rapid vacuum or forming pressure. 

The least amount of internal stress is ob­
tained by a hot mold, hot sheet, and very rapid 
vacuum and/or compressed air. 

3. Orienting Temperatures. Biaxially. ori­
enting the molecular structure of thermoplastic 

Table 13-1. Thermoforming processing temperature ranges. 
1. 2 ~ 

Material 

ABS 
Acetate 
Acrylic 
Acrylic/PVC 

(DKE-4502) 

Butyrate 
Polycarbonate 

Polyester, 
thermoplastic 
(PETG3) 

Polyethersulfone 
Polyethersulfone, 

glass-filled 
Polyethylene, high­

density 
Propionate 
Polypropylene 

Polypropylene, glass-
filled 

Polysulfone 
Styrene 
Teflon (FEP') 
Vinyl, rigid 
Vinyl, rigid foam 

Mold and 
set 

temperature 

185 
160 
185 

175 
175 
280 

170 
400 

410 

180 
190 
190 

195 
325 
185 
300 
150 
162 

85 
71 
85 

79 
79 
138 

77 
204 

210 

82 
88 
88 

91 
163 
85 
149 
66 
72 

Lower 
processing 

limit 

260 
260 
300 

290 
260 
335 

250 
525 

535 

260 
260 
265 

265 
374 
260 
450 
220 
240 

127 
127 
149 

143 
127 
168 

121 
274 

279 

127 
127 
129 

129 
190 
127 
232 
104 
116 

Registered trademarks: 'DuPont, 'Polycast Corp., 'Eastman 

3. 
Orienting 

temperature 

280 
280 
325 

310 
275 
350 

275 
560 

560 

270 
270 
280 

280 
415 
275 
490 
245 
260 

138 
138 
163 

154 
135 
177 

135 
293 

293 

132 
132 
138 

138 
213 
135 
254 
118 
127 

Courtesy of William K. McConnell, ir.; McConnell Co., Inc., Fort Worth, TX. 

Normal forming 
(core) 

temperature 

300 
300 
350 

340 
295 
375 

300 
600 

650 

295 
295 
310-330 

400+ 
475 
300 
550 
280-285 
300 

149 
149 
177 

171 
146 
191 

149 
316 

343 

146 
146 
154-166 

204+ 
246 
149 
288 
138-141 
149 

5. 
Upper 
limit 

360 
360 
380 

360 
360 
400 

330 
700 

720 

360 
360 
331 

450 
575 
360 
620 
310 
350 

182 
182 
193 

182 
182 
204 

166 
371 

382 

182 
182 
166 

232 
302 
182 
327 
154 
177 
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sheet approximately 275 to 300% at these tem­
peratures and then cooling greatly enhances 
properties, such as impact and tensile strength. 
Careful matching of heating, rate of stretch, 
mechanical stresses, and so on, is required to 
achieve maximum results. 

In thermoforming oriented material, good 
clamping of the sheet must be used. The sheet 
is heated as usual to its proper forming tem­
perature and thermoformed. The hot forming 
temperatures do not realign the molecular 
structure; therefore, the better properties of the 
oriented sheet are carried into the finished part. 

4. Normal Forming Temperature. This is the 
temperature that the sheet should reach for 
proper forming conditions under normal cir­
cumstances. The core (interior) of the sheet 
must be at this temperature! The normal form­
ing temperature is determined by heating the 
sheet to the highest temperature at which it still 
has enough hot strength or elasticity to be han­
dled, yet below the degrading temperature. 

5. Upper Limit. This is the temperature at 
which the thermoplastic sheet begins to de­
grade or decompose. It is crucial to ensure that 
the sheet temperature stays below this value. 
When radiant heat is used, the sheet surface 
temperature should be carefully monitored to 
avoid degradation while waiting for the "core" 
of the material to reach forming temperature. 
These limits can be exceeded, if for a short time 
only, with minimum impairment of the sheet 
properties. 

HEATING 

Provided that the thermoplastic sheet used 
meets specifications, the next most important 
factor in thermoforming is proper heating. The 
sheet must be heated precisely and uniformly 
from surface to core, except when profile or 
area heating is required, to obtain proper ma­
terial distribution. 

Heat demands energy; in fact, in the ther­
moforming process, the heating phase can con­
sume up to 80% of the total energy demand. It 
is important to determine the most cost-effec­
tive method of heating, depending on the ma­
terial, product specifications, and desired cycle 
speeds. There are three methods of heating: (1) 

convection heating, which circulates hot air; (2) 
contact heat (heated plates come in contact with 
the sheet); and (3) radiant heat (radiant energy 
is transmitted between the heater and the sheet). 
Far infrared gas-fired and electric heaters are 
made with accurate controls to produce even 
overall heat. Most heating now is done by far 
infrared radiant heat rather than air recirculat­
ing ovens, which were used more in the past. 

Types of radiant heater elements include tu­
bular rods (often called Calrod heaters), flat 
strip heaters, quartz heaters, and ceramic heat­
ers. Tubular rods are the most widely used to­
day. However, ceramic heating elements are 
becoming very popUlar, despite their higher 
initial cost compared to tubular rods, because 
of their longer wear and profitability. (See Ta­
ble 13-2 and Fig. 13-25.) 

Temperature Control 

The thermoforming process demands precise 
controlled heating to ensure quality and repeat­
ability from cycle to cycle. Two considerations 
are the temperature output rate of the heater 
elements and the time exposure of the sheet to 
the heat. Lower heat levels slow down cycle 
rates, but can improve forming conditions and 
final product outcome. 

All heating elements must have a means of 
control, whether it be a simple on/off switch or 
a thermostat. A device offering more control is 
the percentage timer, which relays predeter­
mined on/off settings to the heating elements. 

For more precise temperature controls, ther­
mocouples are used, which actually sense the 
temperature and activate the on/off control or a 
more complicated electronic relay system. Pro­
portional controls provide variable power in­
puts-increasing up to setpoint temperatures, 
then decreasing power input proportionately. 
Solid-state relays offer even more control than 
this. 

The ultimate controller today is the micro­
processor. Precise and accurate temperature 
readings are made automatically by the system, 
calculated in accordance with the acceleration 
and deceleration deviations, and adjustments 
are made accordingly to bring the sheet to the 
setpoint temperature. (See Fig. 13-26.) 
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Type of heating 
element 

Small-diameter 
coiled 
nichrome 
wire 

Tubular rods 
and metal 
panels 

Ceramic panels 

Quartz panels 

Gas-fired 
infrared 
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Table 13-2. Descriptions of most popular heating elements. 
Efficient 

when new 

16-18% 

42% 

62% 

55% 

40-45% 

Efficiency 
after 6 mo. 

8-10% 

21% 

55% 

48% 

25% 

Average life 

1500 hr 

3000 hr 

12,000-15,000 hr 

8000-10,000 hr 

1000-6000 hr 

Comments 

Cheapest initially; very 
inefficient, heat 
nonuniformly with 
use. 

Less expensive than 
ceramic or quartz 
panels, but heat not as 
uniform and profiling 
more difficu1t* 

Uniform heat; 
efficient-ideal for 
profile heating . More 
expensive than tubular 
rods. * 

Cheapest to operate but 
many disadvantages; 
very difficult to 
maintain uniform 
heat. 

'Product application detennines the most efficient heating element choice in order to accomplish required fonning specs . 

Fig. 13-25. Roll-fed thermoformer oven configuration shows quartz panel elements on top, Cal rod elements on bottom. 
(Courtesy Lyle Industries, Inc.) 
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Fig. 13-26. Microprocessor control provides precise and accurate temperature readings automatically. adjusting 
accordingly to bring sheet to the setpoint temperature. (Courtesy Brown Machine , Div. John Brown) 

With the microprocessor, the ultimate in re­
peatability from cycle to cycle can be achieved, 
as well as on-screen readouts of oven func­
tions. 

V ACUUM/AIR PRESSURE 

During the thermoforming process, in order to 
form plastic sheet into a desired shape and force 
the material to follow the contours ofthe mold, 
one or a combination of these forces must be 
used: vacuum, pressure, or matched molds. 
The method chosen depends on the product 
size, quantity of products to be made, and cycle 
speeds desired. 

Basic vacuum forming, the oldest method of 
thermoforming, relies on the sheet's self-seal­
ing ability and evacuation of trapped air by ap­
plying vacuum. Natural atmospheric pressure 
fills the mold cavity, forcing the heated sheet 
into the evacuated space. A vacuum pump is 
necessary in this process. 

Pressure forming is faster than vacuum 
forming and provides a more clearly defined 
detail on finished parts than straight vacuum 
forming. Furthermore, some materials require 

the faster forming method (e.g., oriented 
polystyrene/OPS). High air pressure is used, 
thus requiring molds capable of withstanding 
the pressures applied. Also, a sealable pressure 
chamber is needed, as well as equipment ca­
pable of withstanding the pressure forces. An 
ample supply of pressurized air with uniform 
pressure levels is required . The compressed air 
system must supply dry air to prevent machin­
ery and mold damage. 

Matched metal forming requires sufficient 
driving force of the platens, proper cavity air 
evacuation, and a realization of the depth-of­
draw limitations. This process resembles 
compression forming. 

Combination Vacuum/Air/Mold Forming. 
Today matched molds only have to be similar 
to each other. The female mold is precise with 
respect to the finished part. The male mold need 
only be similar to the female in order to assist 
or push softened plastic sheet into the female 
cavity-preforming it. These preforming molds 
are called plug assists. After the sheet is forced 
into the female mold, vacuum and/or air pres­
sure is applied to finalize details of the formed 
part in the mold. This method allows adjust-
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ments to easily be made in air pressure, vac­
uum, mold closing speeds, and so on, to form 
a better part. 

TOOLING 

Tooling for the thermoforming process must 
combine well-designed molds with excellent 
temperature control and cooling efficiency to 
produce economical, good-quality parts. 

The design of the form tooling is of utmost 
importance. A decision must be made about 
using male or female molds, depending on 
product detail, critical tolerances, undercuts, or 
product output requirements. Molds can be 
constructed of wood, epoxy, or polyester for 
prototype or short runs-or can be the preferred 
aluminum molds incorporating accurate tem­
perature and vacuum and/or air-pressure con­
trol. 

The tool design engineer must realize that 
wall thickness in the finished article will be re­
duced from the original sheet thickness in re­
verse proportion to the increase in area of the 
formed piece over the area of the original sheet. 
Proper air and/or vacuum passages are critical 
to the quality of finished products. Fast, com­
plete, and continuous vacuum is a key factor in 
successful thermoforming. Another key is mold 
temperature control through air tubes or cham­
bers. 

Fig. 13-28. Multicavity female tooling with syntactic 
foam male plug assists. (Courtesy Future Mold. inc. ) 

Unique tool design may incorporate engrav­
ing, hinges, and moving cores to produce lo­
gos, texture, ribs, and bosses. Different mold 
inserts may be installed in a mold base to ac­
commodate a variety of products (see Fig. 
13-27). 

Plug assists, discussed above, usually are 
made of metal and heated to a temperature 
slightly below that of the hot plastic, so as not 
to cool the stock before it can reach its final 
shape. Instead of metal, today many processors 
use plugs constructed of syntactic foam (see 
Fig. 13-28). Also, wood or thermoset plastics 
such as phenolic or epoxy are used. These ma­
terials are poor conductors of heat and thus do 
not withdraw much heat from the sheet stock. 

The formed part must be cooled in the mold 
so that it holds its new shape. The cooling time 

Fig. 13-27. Tooling configuration can produce various effects. Computer housing shown here incorporates textured 
effect, ribs, cutaways. (Courtesy CAM/Central Automated Machinery. Inc.) 

IPR2023-00502
Nespresso USA, Inc. Ex. 1029

Page 27 of 45



410 SPI PLASTICS ENGINEERING HANDBOOK 

will affect the total cycle time, but critical cool­
ing temperature variances must be controlled to 
avoid unacceptable "chill marks" in the fin­
ished product. 

Trim tooling is discussed in the following 
section. 

TRIMMING 

Unlike injection molding, 90% of thermo­
formed parts undergo some type of trimming 
operation. Because a sheet of material must be 
clamped on its edges to allow stretching of the 
sheet into a shape, edge trim must be removed. 
In the forming of multiple parts (e.g., cups or 
plates) a space is allowed between molds for 
clamping, leaving a skeleton-like web after the 
parts are trimmed or punched out. The reduc­
tion of edge trim or space trim could greatly 
affect the overall manufacturing costs, as an 
average trim scrap factor in thermoforming is 
10 to 20%. 

High-speed roll-fed thermoformers usually 
are run in-line with a high-speed trim press (see 
Fig. 13-29). Synchronized to the output of the 

thermoformer, this equipment can be micro­
processor-controlled, and can incorporate parts 
ejection for deep draw parts, packing tables, 
stackers, and counters, or utilize downstream 
equipment such as packaging equipment and/ 
or lip rollers. Scrap granulators are often placed 
under the press (see Fig. 13-30). 

Trim tooling incorporates punches and dies. 
The web of formed parts is threaded into the 
trim press, either manually or automatically. 
From that point on, the press trims and ejects 
parts as the machine forms and ejects webs of 
parts. 

Trim-in-place thermoforming machines are 
becoming more popular, where trimming takes 
place in the form station. This is especially de­
sired in forming exotic, multilayer, barrier, or 
polypropylene materials. (See below.) 

Steel-rule die trim stations are incorporated 
into many thermoforming machines to provide 
forming and trimming in one unit. Although not 
so fast and accurate as an off-line trim press, 
this is desirable for many nonfood items such 
as horticultural trays, box inserts, and blister 
packaging (see Fig. 13-31). 

Fig. 13-29. New trim press developments provide increasing speed and trim accuracy through preloaded linear bearings 
and electric motor-driven fine tuning. (Courtesy Lyle Industries, Inc.) 
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Fig. 13-30. High-speed trim press shown incorporates four-row parts table and under-the-press granulator. (Courtesy 
Brown Machine, Div. John Brown) 

Fig. 13-31. Typical steel-rule die trimmed parts where trim tolerances are not very critical and high-speed production 
is not a major factor. Usually the forming and trimming are accomplished in onc unit. (Courtesy Lyle Industries, Inc.) 
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Trimming of cut-sheet parts usually is done 
off-line. New methods include robotics, lasers, 
and high-pressure water-jet systems. Other 
methods are routing and drilling, sawing, hot­
wire, and deburring. New equipment develop­
ments are providing automated parts handling 
to an automated trimming station. 

The method most often used in trimming 
(and punching) large, high-production, rela­
tively flat articles, such as refrigerator door lin­
ers, requires handling by the operator, who 
places the untrimmed piece into a press, acti­
vates it through the cycle, and then removes the 
article and the trim scrap. This will be de­
scribed more fully under equipment and tools . 

Tools for trimming are described below: 

• Shear Dies. These are the obvious tools 
for trimming large production runs of large ar­
ticles if they are trimmed on a single level. 
These dies are built as if they were intended to 
trim metal articles, are mounted on die shoes, 
and are operated in metal-working presses. 
Some plastics require quite close tolerances be­
tween die members. The power required is 
about one-third of that required to shear mild 
steel of equal thickness . (See Fig. 13-32a.) 

• Steel-Rule Dies. These are made of strip 
steel about 12 inch thick and 1 inch wide, with 
one sharpened edge. The strips are formed to 
the shape of the trim line, and held to that shape 
by birch die stock. They are practical in small 
to medium runs, and for most thermoplastics in 
thin to medium thicknesses. Some of the more 
brittle plastics can be cut by this process only 
when warm, before they have cooled after 
forming, or by post-heating the part or the die. 
(See Fig. 13-32b.) 

• Walker Dies. These dies are known also 
as envelope dies or high dies. They are a heavy­
duty version of the steel-rule dies, in that they 
are forged to about ft inch thickness , and they 
are available up to 4 inches high, and thus may 
provide clearance for projections in the article 
to be trimmed. 

• Planetary Dies. These dies provide for 
side motion and they progressively shear ver­
tical flanges on the respective sides of an arti­
cle. They require special machines. (See Fig. 
l3-32c.) 

(a) 

J \ 

I \ 
(b) 

I \ 
-~-

/ \ 
(c) 

Fig. 13-32. Methods of trimming. 

• Machinery for Trimming. It is obvious 
that tools similar or identical to those used in 
metal work should be used on the same type of 
equipment regardless of material. Therefore, 
trimming of plastics often is done on punch 
presses, press brakes, and other toggle-action 
machines. Hydraulic presses are entirely satis­
factory, and frequently are moved into the 
forming area so that the operator who runs the 
forming machine is able to trim articles jut 
formed, within the duration ofthe next forming 
cycle . 

The special contour dies such as the steel­
rule and envelope types are used on clicker and 
dinker machines such as those used in the 
leather industry , on continuous or clutch-type 
toggle presses, and on hydraulic presses. 

Saws are used for many operations where a 
vertical flange is to be trimmed. A radial-arm 
type is readily adjustable, and direct drive 
yields appropriate blade speed. If articles are 
registered from the table area, clearance be­
neath the saw blade can be provided. Bandsaws 
in both vertical and horizontal positions are ef­
ficient in trimming hat-shaped parts. Wood-
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shaper machines also are used, but are not so 
adaptable. 

Problems of Shrinkage 

Mold shrinkage occurs not only when the arti­
cle is removed from the mold, but during a 
considerable period after removal. Therefore it 
is important, especially with large items that go 
into precise assemblies, that all trimming be 
done on schedule. If it is most practicable to 
trim as the article is removed from the mold, a 
shrinkage factor must be built into the trim die. 
If it is desired to "build a bank" of parts, a 
different factor must be experimentally deter­
mined. A "no-shrink" die for trimming large 
articles probably is practicable only after an 
overnight cooling period. 

Trimming in the Mold 

This innovation makes it possible to trim 
formed articles at the forming station. One 
method of trimming-in-place incorporates a 
knife edge around the periphery of the forming 
die and a movable heated ring directly over the 
die. After the object is formed in the conven­
tional manner, but before it is cool, the heated 
ring drops down and presses against the knife 
edge in the mold and pinches the part from the 
web. The process may also work in reverse by 
placing a heated knife edge on the upper platen 
and bringing it in contact with the sheet against 
a flat mold surface. The problem with this 
method is that plastic may build up on the trim­
mer and reduce its effectiveness. 

Another method uses shearing dies, which 
either punch a section of sheet that is then car­
ried into the mold and formed, or trim the fin­
ished part before it is removed from the mold. 
These techniques are complex and require ex­
pensive tooling. 

CONTROL 

Manual-Control Equipment 

Although complex, automated equipment is 
used for production forming, the need for eco-

nomical prototype and short-run production of 
plastic parts has created markets for manual­
control thermoforming machines. These ma­
chines also are often used to augment produc­
tion equipment by enabling research and de­
velopment of molds and techniques for use in 
high-speed production equipment. 

With these machines, techniques for proper 
forming are developed to test tooling and var­
ious types of materials considered for use in the 
final production item. The relative cost of such 
machines enables the manufacturer to complete 
testing without interruption of normal produc­
tion on the assembly line. 

This type of equipment also is adaptable for 
educational purposes. There are presently 
hundreds of schools teaching plastics with 
R&D-type thermoformers. 

Automation 

Manufacturers of thermoforming machines 
have utilized technological advances in auto­
mation to produce machines for efficient per­
formance, where each phase of the thermo­
forming process is accurately controlled. 
Automation can mean a single temperature­
controlling device that maintains the sheet tem­
perature at a given setting, but it also can mean 
a sophisticated system that controls all func­
tions of extruding, thermoforming, and finish­
ing. 

Most thermoformers reach a compromise be­
tween these extremes to create a balance of the 
initial cost, man-hours, the need for technical 
skills, material costs, and maintenance, along 
with production output and production ex­
pense. These factors determine the equipment 
needed to enter a competitive area of mass pro­
duction. 

Some automated thermoforming equipment 
is designed to automatically control all ther­
moforming functions in a timed sequence. 
Thus, after the operator initiates the cycle, the 
machine functions on preset programming. (See 
Fig. 13-33.) 

This programming generally includes: 

1. Actuation of a clamping frame to hold the 
sheet during forming. 
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Fig. 13-33. Automated load/unload system places cut sheet onto a lift table. Upon completion of the fonning process, 
the system automatically picks up the fonned part and transports it to an awaiting conveyor for downstream trimming 
and finishing operations. (Courtesy CAM/Central Automated Machinery, Inc.) 

2. Movement of the clamped plastic sheet to 
the heater section. 

3. Application of controlled far infrared ra­
diant heat in a timed cycle. 

4. Movement of the heated sheet to the 
fonning station . 

5. The fonning sequence. This portion of 
the fonning cycle includes several se­
quenced and timed operations, depending 
on the thennofonning technique utilized. 
Automated controls include: 
(a) Platen movement to position. Top 

and bottom platens may move inde­
pendently or in unison or by se­
quenced stages. 

(b) Air and/or vacuum pressure applied 
from either or both platens indepen­
dently, in unison, or in sequence. 

(c) Cooling of the fonned part through 
the mold and/or by convection. 

(d) Breaking the seal between the mold 
and the fonned part. 

(e) Removal ofthe mold from the fonned 
part. 

6. Movement of the fonned part by cut-sheet 
machines to the unloading-load station. 

7. In roll-fed equipment, movement of the 
fonned web into a trimming press inter­
mittently in synchronization with the 
thennofonner. 

Control Systems 

Various systems are available to provide auto­
mated control: 

Microprocessor Control. In today's ther­
mofonning world, microprocessors are a de­
sired means of control. Repeatability of oper­
ations from cycle to cycle and accurate control 
of all functions are essential. (See Fig. 13-34.) 
Preprogrammed setups can decrease cycle 
times, scrap, and labor. Processing conditions 
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Fig. 13-34. Thennofonner with microprocessor control provides repeatability of operations from cycle to cycle. 
Productivity is increased by preprogrammed setups and automated adjustment of processing functions during operation. 
(Courtesy Lyle Industries. Inc.) 

are continually readjusted during operation to 
keep unacceptable product from being formed. 

Although the initial cost of microprocessor 
control is high, the productivity savings can de­
fray that initial investment over a short period 
of time. 

PLC (Programmable Logic Controller). 
The PLC system is an up-and-coming means 
of computer control. Providing the same ca­
pabilities of repeatability, programmed opera­
tion, and increased productivity as a micropro­
cessor system, the PLC has several advantages. 
Because a PLC uses ladder logic, less techni­
cally trained people are required, and trouble­
shooting is simplified. A microprocessor sys­
tem uses computer language. 

A disadvantage of the PLC is its high initial 
cost. Its capabilities for high-speed production 
requirements are less than that of a micropro­
cessor. However, with the advances being 
made in the industry, we may soon see net­
working, with a PLC as a master control and 
microprocessors performing certain functions 

of the process-thus, combining the best of 
both worlds. 

Electro-Mechanical Control. The oldest 
method of automatic control in thermoforming 
equipment is the electro-mechanical system. 
Multiple relays, individual timers, and limit 
switches initiate successive steps in the se­
quence. This method is used by a small per­
centage of thermo formers performing simple, 
nondemanding operations. 

The sequence operation must be selected by 
an arrangement of toggle switches or multi­
plexers. Limit switches and operating cams are 
adjusted to provide interlocking of various 
functions such as platen advance and speed, 
vacuum bleed, and air blow. Safeguard fea­
tures such as fully retracting platens and ma­
terial clamp frame positions can be included. 
This system can use timers to monitor the du­
ration of each stage of the thermoforming cycle. 
With these adjustments, the machine is now 
ready to operate in the production of the de­
sired article; however, should a change in 
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fonning technique be required, the entire pro­
cedure of switching and adjusting must be re­
peated. 

The end result is that this method of control 
is somewhat cumbersome and slow, requiring 
a proficient, experienced operator to set up the 
equipment. Its advantages include a relatively 
low initial cost. 

THERMOFORMING OF COEXTRUDED 
STRUCTURES AND OTHER SPECIAL 

MATERIALS* 

Thennofonning of many new materials such as 
coextruded multilayer barrier structures or 
CPET (crystallized polyethylene terephthalate) 
requires unique machinery features to ensure 
proper forming characteristics. 

Important considerations for the proper heat­
ing of these materials to avoid wrinkling and 
defonnation of fonned product include: (1) 
zoning, (2) the preheat station, (3) precise oven 
temperature control, (4) oven length , (5) sheet 
sag control, (6) sheet tempering prior to fonn­
ing, and (7) sheet transport through the oven, 
into the fonn station. 

For the new materials, oven temperature 
control and oven length are the major consid­
erations. In solid-phase fonning, special ovens 
are required to keep the sheet flat. In melt phase 
fonning , sheet support or special platen travel 
is required to handle sag. With that in mind, 
ideally a customer would desire to have an oven 
that is completely versatile in its zoning and its 
ability to profile across the sheet and with the 
sheet in the sheet direction. 

This can be achieved in more than one way. 
An oven can be fitted with Calrod, ceramic, or 
quartz panel heaters, or any combination of 
these. Preferably, the oven will have zoning 
capability across the sheet and in the sheet di­
rection-in particular, an arrangement that does 
not limit one to small increments, as with ce­
ramic heaters . A bottom oven combination, of 
hot air convertible for sheet support and a stan­
dard heated oven, is an ideal all-purpose ar­
rangement. (See Figs. 13-35 and 13-36.) 

The length and the zoning of the oven must 

*By G. E. Schwartz, President, Lyle Industries, Inc ., 
Beaverton, MI. 

Fig. 13-35. Thennofonned food trays and containers 
represent only a portion of the broad range of microwavable 
CPET products requiring unique machine characteristics. 
(Courtesy Lyle Industries. Inc.) 

be accurate and adjustable, using the best con­
trol available to ensure proper material orien­
tation. 

Sheet conveyance control is another impor­
tant consideration. Electronic index and sheet 
transport rails are designed for the demanding 
job of conveying tough materials , up to 125 mil 
thick, absorbing extraordinary or high stresses 
when the material is shrinking and pulling, and 
minimizing chain rail sag and deflection. 

Special fonn station requirements must be 
taken into consideration for coining and trim­
in-place. 

Solid-phase fonning or close-to-solid-phase 
fonning requires clamping stations that will of­
fer the higher tonnages required (wide bed 
equipment) and prevent platen alignment de­
flection as the coining rings are compressed. A 
standard toggle machine does not do this well ; 
there can be too much clearance built up in all 
the links and bushings of the toggles. This ul­
timately leads to short' trim-in-place tool life. 
The ideal fonning station will offer extreme 
rigidity with multiple sequencing functions that 
will allow for precise coining, trim, and plug 
speed control as independent adjustments. 

COOLING REQUIREMENTS OF THE 
THERMOFORMING PROCESS 

Heat transfer is a fundamental element of plas­
tics processing. In a variety of plastics pro-

*By Mark C. Stencel , AEC, Inc . , Wood Dale, IL. 

IPR2023-00502
Nespresso USA, Inc. Ex. 1029

Page 34 of 45



THERMOFORMING OF PLASTIC FILM AND SHEET 417 

Fig. 13-36. Thermoformed food trays and containers represent only a portion of the broad range of microwavable CPET 
products requiring unique machine characteristics. (Courtesy Lyle Industries , Inc.) 

Table 13-3. Thermoforming process parameters. 
Typical 
starting 

Material temperature (OF) 

HOPE/LOPE 310 
PP 330 
PS 300 

PVC 295 

cesses, heat is transferred from plastic material 
(typically by a recirculating water system) to 
induce its conversion from a liquid to a solid 
state. The thermoforming process has unique 
characteristics, specifically less extreme mate­
rial temperatures than extrusion or injection 
molding, which one must understand to suc­
cessfully apply or design a cooling system for 
its requirements . 

The heat transfer requirements for solidifi­
cation of a plastic material are most easily de­
fined by considering four critical parameters : 
the start temperature (OF) for the material, its 
the finish temperature (OF), the rate at which 
the material is to be processed (lb / hr), and an 
inherent physical characteristic of the material, 
specific heat (Btu / lb x OF). The equation used 
to express the relationship of these parameters 
in the definition of a cooling load is: 

Typical Specific 
finish heat 

temperature (OF) (Btu / lb X OF) 

120 .83 
120 .72 
110 .41 
110 .24 

(Start temperature - Finish temperature) 

x Rate x Specific heat 

x Safety factor = Load (Btu /hr) 

A typical value used for the safety factor is 
1.2. Other typical parameter values utilized for 
the thermoforming process are as shown in Ta­
ble 13-3. 

For example, to consider the thermoforming 
of 300 lb /hr of polypropylene, one could cal­
culate the cooling load as follows: 

(330 - 120) OF x 300 lb/hr x .72 Btu/lb 

x OF x 1.2 = 54,432 Btu/hr 

A chilled water ton is expressed as 12,000 
Btu/hr; so the application of a 5-ton chiller 
should be considered. 
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It is important that vendors of cooling equip­
ment be supplied with data on the highest pro­
cessing rates anticipated from thermoforming 
equipment. Although cooling equipment de­
sign typically allows for low-load conditions, 
physical limitations restrict the effective oper­
ation of cooling equipment upon overloading. 

SUBSTRATE THERMOFORMING 

A special application for thermoforming uti­
lizes a preformed substrate to which softened 
plastic material is bonded. This process is 
ideally suited to vinyl-covered dash panels, 
consoles, door panels, window surrounds, and 
furniture. 

A dual-wheel rotary thermoformer is used 
whereby one wheel carries the heat-softened 
decorative material, and the other wheel carries 
the substrate-meeting at the form station 
where permanent bonding occurs. 

The main rotary wheel usually consists of a 
load station, a preheat station, a final heat sta­
tion, and a form station. The secondary wheel 
consists of a load/unload station, a heat station, 
and a form station. 

Material cut to the proper length is placed 
into the main load station, and carried through 
the preheat and final heat stations and into the 
form station. 

Meanwhile, a substrate (usually porous par­
ticle board or wood-or injection-molded plas­
tic or metal in which vacuum holes have been 
incorporated) is loaded onto the secondary 
wheel. Then it is rotated into the heat station, 
where an adhesive that has been preapplied to 
the substrate is activated by heating. Next the 
wheel rotates the substrate into the form station 
simultaneously with the heat-softened vinyl or 
decorative covering material. Here vacuum and 
air pressure are applied to form a permanent 
bonding. The clamp frames open, and the cov­
ered part is carried on the secondary wheel back 
to the unload station. 

As with any thermoforming equipment, 
many options are available, such as automatic 
loading/unloading, sheet cutting, a multiple 
sheet turret for material selection, multiple 
molds, a tilting load/unload table, and down­
stream equipment such as conveyors, trimming 
systems, and so on. A new thermoforming sys­
tem (continuous shuttle/rotary system) incor­
porates roll-fed material that is being fed into a 
shuttle thermoformer, heated, and simulta­
neously bonded onto a substrate that has been 
loaded onto a secondary rotary wheel. As in the 
dual-wheel rotary, the formed part then is car­
ried on the secondary wheel back to the unload 
station, while the shuttle sheet car returns to 
accept new sheet. (See Figs. 13-37 and 13-38.) 
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Fig. 13-37. Dual-wheel configuration for thermoforming decorative material onto a preformed substrate . (Courtesy 
CAM/Central Automated Machinery, Inc.) 
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Fig. 13-38. Car door panel produced on a dual-wheel 
thermoformer. Softened vinyl is formed and permanently 
bonded to a substrate in one operation. (Courtesy CAM! 
Central Automated Machinery, Inc . ) 

TROUBLESHOOTING* 

Checklist for Troubleshooting 

Start troubleshooting by stopping the machine . 
Be sure that the sheet is not left in the oven (or 
if the oven retracts, be sure it is clear.) Look 
for any obvious problem. Review these poten­
tial causes before consulting the troubleshoot­
ing guide: 

1. Pilot error 
2. Mechanical problems 
3. Sheet or film problems 
4. Heating 
5. Vacuum and/or compressed air 
6. Controls and electrical systems 

By William K. McConnell, Jr. ; McConnell Co. , Inc, 
Fort Worth, TX . 

During troubleshooting and machine adjust­
ments, change only one thing at a time. 

Thermoforming Troubleshooting Guide 

When the above investigation does not uncover 
the problem, start down the troubleshooting 
guide for an answer. The problems covered in 
the guide include: 

1. Blister or bubbles. 
2. Incomplete forming, poor detail. 
3. Sheet scorched. 
4. Blushing or change in color intensity . 
5. Whitening of sheet. 
6. Webbing, bridging or wrinkling. 
7. Nipples on mold side of formed part. 
8. Too much sag. 
9. Sag variation between sheet blanks. 

10. Chill marks or "mark-off" lines. 
II. Bad surface markings. 
12. Shiny streaks on part. 
13 . Excessive shrinkage or distortion of part 

after removing from mold. 
14. Part warpage. 
15. Poor wall thickness distribution and ex­

cessive thinning in some areas. 
16. Nonuniform prestretch bubble. 
17. Shrink marks on part, especially in cor-

ner areas (inside radius of molds). 
18. Too thin comers in deep draws. 
19. Part sticking to mold. 
20. Sheet sticking to plug assist. 
21. Tearing of part when forming. 
22. Cracking in comers during service. 

Troubleshooting Guide for Thermoforming 
Problem Probable Cause 

I. Blisters or bubbles A. Heating too rapidly 

B. Excess moisture 

Suggested Course of Action 

I. Lower heater temperature 
2. Use slower heating 
3. Increase distance between 

heater(s) and sheet 

I. Predry 
2. Preheat 
3. Heat from both sides 
4. Lower heater(s) temperatures 
5. Do not remove material from 

moisture-proof wrap until ready 
to use 

6. Obtain dry material from 
supplier 
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Troubleshooting Guide for Thermoforming (Continued) 

Problem 

2. Incomplete fonning, poor 
detail 

3. Sheet scorched 

4. Blushing or change in color 
intensity 

Probable Cause 

C. Uneven heating 

D. Wrong sheet type or 
fonnulation 

A. Sheet too cold 

B. Clamping frame not hot before 
inserting sheet 

C. Insufficient vacuum and/or 
compressed air 

D. Vacuum not drawn fast enough 

E. Additional pressure needed 

A. Outer surface of sheet too hot 

A. Insufficient heating 

B. Excess heating 

1. 

2. 
3. 

1. 

1. 
2. 
3. 
4. 

1. 

1. 

2. 

3. 
4. 
5. 

1. 

2. 

3. 

4. 
5. 

1. 

2. 
3. 

I. 
2. 

3. 

I. 
2. 

I. 
2. 
3. 

Suggested Course of Action 

Screen for unifonn heat by 
attaching baffles, masks, or 
screen 
Check for heaters or screens out 
Adjust individual heater 
temperatures for unifonnity 

Obtain correct fonnulation 

Heat sheet longer 
Raise temperature of heaters 
Use more heaters 
If problem occurs repeatedly in 
same area, check for lack of 
unifonnity of heat 

Preheat clamping frame before 
inserting sheet 

Check vacuum holes for 
clogging 
Increase number of vacuum 
holes 
Increase size of vacuum holes 
Check for vacuum or air leak 
Remove any 90° angles in 
vacuum system 

Use vacuum slots instead of 
holes where possible 
Add vacuum surge and/or pump 
capacity 
Enlarge vacuum line and valves 
avoiding sharp bends at tee and 
elbow connections 
Check for vacuum leaks 
Check vacuum system for 
minimum 25" of Hg pressure 

Use 20-50 psi air pressure on 
part opposite mold surface if 
mold will withstand this 
pressure 
Use frame assist 
Use plug, silicone slab rubber, 
or other pressure assist 

Shorten heat cycle 
Use slower, soaking heat (lower 
temperature) 
Move heater bands further from 
sheet 

Lengthen heating cycle 
Raise temperature of heaters 

Reduce heater temperature 
Shorten heater cycle 
If in same spot on sheet, check 
heaters 
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Troubleshooting Guide for Thermoforming (Continued) 

Problem 

5. Whitening of sheet 

6. Webbing, bridging, or 
wrinkling 

Probable Cause 

C. Mold is too cold or hot 

D. Assist is too cold 

E. Sheet is being stretched too far 

F. Sheet cools before it is 
completely formed 

G. Poor mold design 

H. Sheet material not suitable for 
job 

I. Uncontrolled use of regrind 

A. Cold sheet stretching beyond its 
temperature yield point 

B. Sheet material dry colored 

A. Sheet is too hot causing too 
much material in forming area 

B. Melt strength of resin is too low 
(sheet sag too great) 

C. Too much or too little sheet 
orientation 

D. Insufficient vacuum 

E. Extrusion direction of sheet 
parallel to space between molds 

F. Draw ratio too great in area of 
mold or poor mold design or 
layout 
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Suggested Course of Action 

Heat mold or lower temperature 

Warm assist or use syntactic 
foam or felt covered plug 

Use heavier gauge sheet or more 
elastic, deep draw formulation 
Change mold design 
Change forming technique 

Move mold into sheet faster 
Increase rate of vacuum 
withdrawal 
Be sure molds and plugs are hot 

Reduce depth of draw 
Increase draft (taper) of mold 
Enlarge radii 

Try different sheet formulation 
or a different plastic material 

Control percentage and quality 
of regrind 

Increase heat of sheet; increase 
speed of drape and vacuum 

If above action won't correct, 
check with sheet supplier for 
availability of other types of 
coloring. Some .colors do not 
lend themselves to dry or 
concentrate coloring 
A hot air gun can be used to 
diminish or eliminate whitened 
surfaces on formed part 

Shorten heating cycle 
Increase heater distance 
Lower heater temperature 

Change to lower melt index 
resin 
Ask sheet supplier for more 
orientation in sheet 
Use minimum sheet temperature 
possible 
Profile temperature of sheet 

Have sheet supplier reduce or 
increase orientation 

Check vacuum system 
Add more vacuum holes or slots 

Move sheet 90° in relation to 
space between molds 

Redesign mold 
Use plug or ring mechanical 
assist 
Use female mold instead of 
male 
Add take-up blocks to pull out 
wrinkles 
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422 SPI PLASTICS ENGINEERING HANDBOOK 

Troubleshooting Guide for Thermoforming (Continued) 

Problem 

7. Nipples on mold side of 
formed part 

8. Too much sag 

9. Sag variation between sheet 
blanks 

10. Chill marks or "mark-off" 
lines 

Probable Cause 

A. Sheet too hot 

B. Vacuum holes too large 

A. Sheet is too hot 

B. Melt index is too high 

C. Sheet area is too large 

A. Variation in sheet temperature 

B. Wide sheet gauge variation 

C. Sheet made from different 
resins; not a homogeneous 
mixture 

A. Plug assist temperature too low 

B. Mold temperature too low­
stretching stops when sheet 
meets cold mold (or plug) 

C. Inadequate mold temperature 
control 

D. Sheet too hot 
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Suggested Course of Action 

Increase draft and radii where 
possible 
If more than one article being 
formed, move them farther apart 
Speed up assist and/or mold 
travel 
Redesign grid, plug, or ring 
assists 
Use recessed pocket in web area 

Reduce heating cycle 
Reduce heater temperature 
Reduce temperature of sheet 
surface that contacts mold 

Plug holes and redrill with 
smaller bit 
Use slot vacuum 

Reduce heating cycle 
Reduce heater temperature 

Use lower melt index resin or 
different resin 
Have sheet supplier put more 
orientation in sheet 

Profile heat the sheet; use 
screening or other means of 
shading or giving preferential 
heat to sheet, thus reducing 
relative temperature of center of 
sheet 

Check for air drafts through 
oven using solid screens around 
heater section to eliminate 

Replace sheet with proper gauge 
tolerance 

Control regrind percentage and 
quality 
Avoid resin mix-ups 

Increase plug assist temperature 
Use syntactic foam plug assist 
Cover plug with cotton flannel 
or felt 

Increase mold temperature, not 
exceeding "set temperature" for 
particular resin 
Relieve molds in critical areas 

Increase number of water 
cooling tubes or channels 
Check for plugged water flow 

Reduce heat 
Heat more slowly 
Lower surface temperature of 
sheet 
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THERMOFORMING OF PLASTIC FILM AND SHEET 423 

Troubleshooting Guide for Thermoforming (Continued) 

Problem Probable Cause Suggested Course of Action 

4. Slightly chill surface of hot 
sheet contacting mold with 
forced air before forming 

11. Bad surface markings A. Pock marks due to air 1. Grit blast mold surface 
entrapment over smooth mold 
surface 

B. Poor vacuum 1. Add vacuum holes 
2. If pock marks are in isolated 

area, add vacuum holes to this 
area or check for plugged 
vacuum holes or vacuum leak 

3. Check entire vacuum system 

C. Mark-off due to accumulation of 1. Use temperature-controlled mold 
plasticizer on mold when using 2. Have mold as far away from 
sheet with plasticizers sheet as possible during heating 

cycle 
3. If too long, shorten heating 

cycle 
4. Wipe mold 

D. Mold is too hot I. Reduce mold temperature 

E. Mold is too cold l. Increase mold temperature 

F. Improper mold composition l. Avoid phenolic or other "heat 
sink" glossy molds with clear 
transparent sheet 

2. Use aluminum molds where 
possible 

G. Mold surface is too rough l. Smooth surface 
2. Change mold material 
3. Sand blast mold surface with 

#30 shot grit 

H. Dirt on sheet 1. Clean sheet 
2. Use ionized air blow 

1. Dirt on mold 1. Clean mold 

J. Dust in atmosphere I. Clean thermoforming area; 
isolate area if necessary and 
supply filtered air 

2. Use ionized air 

K. Contaminated sheet materials 1. If regrind is used, be sure to 
keep clean, and different 
materials stored separately 

2. Check supplier of sheet 
3. Use coex sheet with virgin 

L. Scratched sheet 1. Separate sheets with paper in 
storage 

2. Polish sheet 
3. Replace sheet 

12. Shiny streaks on part A. Sheet overheated in this area 1. Lower heater temperature in 
scorched area 

2. Shield heater with screen wire to 
reduce overheating 

3. Slow heating cycle 
4. Increase heater to sheet distance 

B. Bad sheet 1. Check with sheet supplier 
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424 SPI PLASTICS ENGINEERING HANDBOOK 

Troubleshooting Guide for Thermoforming (Continued) 

Problem 

13. Excessive shrinkage or 
distortion of part after 
removing from mold 

14. Part warpage 

15. Poor wall thickness distribution 
and excessive thinning or holes 
in some areas when sheet 
stretched 

Probable Cause 

A. Removed part from mold too 
soon 

B. Too much sheet orientation or 
nonuniform orientation 

A. Uneven part cooling 

B. Poor wall distribution 

C. Poor mold design 

D. Poor part design 

E. Mold temperature too low 

F. Too much or nonuniform 
orientation in sheet 

A. Improper sheet sag 

B. Variations in sheet gauge 

C. Bad sheet 

D. Hot or cold spots in sheet 

Suggested Course of Action 

1. Increase cooling cycle 
2. Use cooling fixtures 
3. Use fan or vapor spray mist to 

cool part faster on mold 

1. Replace sheet 

1. Add more water channels or 
tubing to mold 

2. Check for plugged water flow 
3. Cool part at same rate on both 

sides 

1. Improve prest retching or 
plugging techniques 

2. Use plug assist 
3. Check for nonuniformity of 

sheet heating 
4. Check sheet gauge 

1. Add moat to mold at trim line 
2. Add vacuum holes 
3. Check for plugged vacuum holes 

1. Break up large flat surfaces with 
ribs where practical or make 
concave or convex 

1. Raise mold temperature to just 
below "set-temperature" of 
sheet material 

1. Check supplier 

1. Use different forming technique 
such as mounting mold on top 
platen 

2. Use vacuum snap-back 
technique 

3. Use billow vacuum snap back 
4. Use billow-up plug assist or 

vacuum snap-back into female 
mold 

5. Use different melt index resin 
6. Try more orientation in sheet 

1. Consult supplier regarding his 
commercial tolerances, and 
improve quality of sheet 

I. Check supplier for calendering 
of extruded sheet causing thin 
spots 

2. Lack of complete, homogenous 
sheet 

1. Improve heating technique to 
achieve uniform heat 
distribution; screen or shade as 
necessary 

2. Check to see if all heating 
elements are functioning 
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THERMOFORMING OF PLASTIC FILM AND SHEET 425 

Troubleshooting Guide for Thermoforming (Continued) 

Problem 

16. Nonuniform prestretch bubble 

17. Shrink marks on part, 
especially in comer areas 
(inside radius of molds) 

Probable Cause 

E. Stray drafts and air currents 
around machine 

F. Too much sag 

G. Mold is too cold 

H. Sheet slipping out of frame 

A. Uneven sheet gauge 

B. Uneven heating of sheet 

C. Stray air drafts 

D. Nonuniform air blow 

A. Inadequate vacuum 

B. Mold surface is too smooth 

C. Part shrinking away 
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Suggested Course of Action 

Enclose heating and forming 
areas 

Use screening or other 
temperature control of center 
areas of heater banks 
Use lower melt index resin 
Use more orientation in sheet 

Provide uniform heating of mold 
to bring to proper temperature 
Check temperature control 
system for scale or other 
stoppage 

Adjust clamping frame to 
provide uniform pressure 
Check for variation in sheet 
gauge 
Heat frames to proper 
temperature before inserting 
sheet 
Check for nonuniformity of heat 
giving cold areas around clamp 
frame 

Consult sheet supplier 
Heat sheet slowly in a "soak" 
type heat 

Check heater section for heaters 
out 
Check heater section for missing 
screens 
Screen heater section as 
necessary 

Enclose or otherwise shield or 
screen machine 
Check clamping frame air 
cy linders for leaks 

Baffle air inlet in prestretch box 

Check for vacuum leaks 
Add vacuum surge and/or pump 
capacity 
Check for plugged vacuum holes 
Add vacuum holes 

Grit blast mold surface with #30 
grit 

May be impossible to eliminate 
on thick sheet with vacuum 
only; use 20-30 psi air pressure 
on part opposite mold surface if 
mold will withstand this 
pressure 
Add moat to mold just outside 
trim line 
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426 SPI PLASTICS ENGINEERING HANDBOOK 

Troubleshooting Guide for Thermoforming (Continued) 

Problem 

18. Too thin comers in deep 
drawers 

19. Part sticking to mold 

20. Sheet sticking to plug assist 

Probable Cause 

A. Improper forming technique 

B. Sheet too thin 

C. Variation in sheet temperature 

D. Variation in mold temperature 

E. Improper material selection or 
poor sheet 

A. Mold or sheet temperature too 
high 

B. Not enough draft in mold 

C. Mold undercuts 

D. Wooden mold 

E. Rough mold surface 

F. Different melt index resin used 
in color concentrate 

A. Improper metal plug assist 
temperature 

Suggested Course of Action 

I. Check other techniques such as 
billow-up plug assist, etc. 

1. Use heavier gauge 

1. Profile sheet heating; adjust 
heating as needed by adding 
screens to portion of sheet going 
into comers or with panel heat 
lower temperature 

2. Crosshatch sheet with markings 
prior to forming so movement of 
material can be accurately 
checked 

1. Adjust temperature control 
system for uniformity 

1. Consult sheet supplier or raw 
material supplier to be sure 
proper material is correct! y 
extruded 

I. Increase cooling cycle 
2. Slightly lower mold 

temperature, not much less than 
recommended by resin 
manufacturer 

3. Lower surface temperature on 
sheet side that contacts mold 

1. Increase taper 
2. Use female mold 
3. Remove part from mold as early 

as possible; if above "set 
temperature", use cooling jigs 

1. Use stripping frame 
2. Increase air-eject air pressure 
3. Remove part from mold as early 

as possible; if above "set 
temperature", use cooling jigs 

4. Change mold design for 
undercut to break away 

1. Grease with Vaseline 
2. Use Teflon spray or zinc stearate 
3. Lower surface temperature on 

sheet side that contacts mold 

1. Polish comers or all of mold 
2. Use mold release 
3. Use Teflon spray or zinc stearate 

1. Have supplier use same grade 
resin in color concentrate 

1. Reduce plug temperature 
2. Use mold release 
3. Teflon-coat plug 
4. Cover plug with felt cloth or 

cotton flannel 
5. Use syntactic foam plug 

IPR2023-00502
Nespresso USA, Inc. Ex. 1029

Page 44 of 45



THERMOFORMING OF PLASTIC FILM AND SHEET 427 

Troubleshooting Guide for Thermoforming (Continued) 

Problem 

21. Tearing of sheet when forming 

22. Cracking in comers during 
service 

Probable Cause 

B. Wooden plug assist 

A. Mold design 

B. Sheet is too hot 

C. Sheet is too cold (usually 
thinner gauges) 

D. Closing speed between mold 
and sheet 

E. Bad sheet 

A. Stress concentration 

B. "Under-designed" 

C. "Cold"-formed 

D. Wrong resin 

E. Bad sheet 
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Suggested Course of Action 

Cover plug with felt cloth or 
cotton flannel 
Grease with Vaseline 
Use mold release compounds 
Use Teflon spray or zinc stearate 
Laminate wood plug surface 
with syntactic foam 

Increase radius of comer 

Decrease heating time or 
temperature 
Check for uniform heat 
Preheat sheet 

Increase heating time or 
temperature 
Check for uniform heat 
Preheat sheet 

Reduce rate of closure 

Check with supplier 

Increase fillets 
In transparencies check with 
polarized light 
Increase temperature of sheet 
Be sure part is completely 
formed before some sections are 
too cool for proper forming, 
thus setting up undue stresses in 
these ares 
Change to a stress-crack-
resistance resin 

Reevaluate design 

Vacuum too slow-speed up 
Be sure "core" of sheet is at 
forming temperature and then 
rapidly drawn to mold with 
excellent vacuum and/or 
compressed air 

Change to proper material 

Check with supplier 
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