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The success of the 3rd expanded German edition has resulted in ILLIG Maschinen-
bau professionally translating the book into English. This 2nd English edition of 
the work shows the extensive technological innovations in thermoforming pro-
cesses and new applications that have arisen since the first edition was published. 
A highlight is the decoration of moldings in Chapter 19 “Decoration and thermo-
forming”, which describes the innovative process of in-mold labelling (also IML-T 
in-mold labelling in thermoforming) and other design possibilities of molded parts. 
The revised English edition is intended to create and support even more thermo-
forming experts worldwide. The author, Mr Peter Schwarzmann, has checked and 
approved the English content. Thank you for your intensive support.

Heilbronn, September 2018 ILLIG Maschinenbau GmbH & Co. KG

�� Preface to the 3rd German Edition
The supplementary material added to the translations into English, French, Chi-
nese, Russian and Spanish has combined with advances in thermoforming tech-
nology and the demand for more information regarding tool technology to inspire 
the substantial revisions and new material incorporated in this 3rd edition. The 
author, Mr Peter Schwarzmann, has consistently kept sight of this work’s original 
objective while expanding its scope.

Heilbronn, June 2015 ILLIG Maschinenbau GmbH & Co. KG

�� Preface to the 2nd German Edition
The success of the 1st edition, which has also been translated into the English, 
French, Chinese and Russian languages, has combined with extensive technologi-
cal innovations in thermoforming processes and new applications to inspire this 
2nd edition with its comprehensive revisions and new material. The original objec-
tive of this work 

Heilbronn, October 2008 ILLIG Maschinenbau GmbH & Co. KG

 Preface to the 2nd  
English Edition 



VI   Preface to the 2nd  English Edition  

�� Preface to the 1st German Edition

The manufacturing processes employed in industrial thermoforming are currently 
finding extensive use in an array of applications that could hardly been conceived 
of just a few decades ago. Thermoforming has expanded beyond its traditional sec-
tors, such as vacuum forming of panels for displays, refrigerators and automotive 
components, into pressure forming to produce packaging materials, ultimately 
conquering a considerable market share. Continuous improvements in thermo-
plastic materials have combined with ultra-modern machinery and tools to create 
increased production counts featuring greater precision in the formed parts. Orig-
inally situated in the realm of manually executed crafts, thermoforming has 
evolved into an established production process relying on consistent application of 
scientific insights from material sciences, supported by technology for measure-
ment and closed-loop control. Reproducible process parameters allow application 
of procedures for industrial use in high-performance assemblies. In addition to 
numerous articles published in magazines, for several decades ILLIG Maschinen-
bau GmbH & Co. KG has also been disseminating the basics of thermoforming in 
training courses. What has been missing is a comprehensive compilation of the 
basic processes and procedures for the student as well as the engineer or techni-
cian who is currently active in the field, in a work capable of simultaneously serv-
ing as an introduction to the discipline for both groups by furnishing basic knowl-
edge as well as more extensive expertise concerning individual questions. The 
objective of “Thermoforming: A Practical Guide” is to close this gap by fulfilling 
the stated objectives. It provides comprehensive descriptions extending beyond 
thermoplastic materials to embrace all of the steps in the thermoforming process 
along with an array of machine types and the basics for building molds and tools, 
explained with examples from actual practice. The genesis of this book is closely 
connected with the 50-year history of ILLIG itself. Accordingly, numerous insights, 
suggestions and experiences have entered this book, and I extend my particular 
gratitude to the author, Mr Peter Schwarzmann, for providing a detailed portrayal 
of this subject matter. I would like to thank Mr Günter Kiefer, who has served as 
the head of the Development and Engineering Department at ILLIG for many years, 
and Prof Dr Günther Harsch for their critical proofreading of the manuscript, and 
for their numerous suggestions for improvements and additions. The publisher 
and the author hope that “Thermoforming: A Practical Guide” will serve as a 
source of convenient access to the essentials of thermoforming and furnish useful 
assistance in resolving problems when they arise.

Heilbronn, January 1997 Adolf Illig



Contents

Preface to the 2nd English Edition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V
Preface to the 3rd German Edition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V

Preface to the 2nd German Edition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  V

Preface to the 1st German Edition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  VI

1 Introduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1

2 Basic principles and terminology in thermoforming  . . . . . . . .  5
2.1 Process sequence  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5

2.2 Positive and negative forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6

2.3 Vacuum and pressure forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8
2.3.1 Differences between vacuum and pressure forming  . . . . . . . .  8
2.3.2 Application for pressure forming  . . . . . . . . . . . . . . . . . . . . . . .  9

2.4 Forming pressure, contour-molding pressure, and contour definition   10

2.5 Preblow, presuction, pressure  equalisation, air injection  . . . . . . . . . . .  12

2.6 Chill marks and blemishes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13
2.6.1 Chill marks on positively formed parts  . . . . . . . . . . . . . . . . . .  14
2.6.2 Chill marks on negatively formed parts  . . . . . . . . . . . . . . . . . .  17
2.6.3 Causes of chill marks  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  19
2.6.4 Options for reducing chill marks  . . . . . . . . . . . . . . . . . . . . . . . .  19
2.6.5 Results of chill mark formation  . . . . . . . . . . . . . . . . . . . . . . . . .  20
2.6.6 Use of typical wall-thickness distribution in chill marks  

with snaps on clamshell packages  . . . . . . . . . . . . . . . . . . . . . .  21
2.6.7 Conclusions with regard to chill marks  . . . . . . . . . . . . . . . . . .  22
2.6.8 Blemishes and markings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  22

2.7 Wrinkle formation during  thermoforming  . . . . . . . . . . . . . . . . . . . . . . .  23
2.7.1 Wrinkle formation sequence in positive forming  . . . . . . . . . .  24
2.7.2 Wrinkle formation in negative forming  . . . . . . . . . . . . . . . . . .  26
2.7.3 Wrinkle formation on surfaces  . . . . . . . . . . . . . . . . . . . . . . . . .  27



VIII Contents

2.8 The tool set  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28

2.9 Forming surface, intake surface, clamped edge  . . . . . . . . . . . . . . . . . . .  29

2.10 Downholder, upholder  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30

2.11 Forming and stretching ratio  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31

2.12 Draft angles  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32

2.13 Vent cross-sections  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33

2.14 Calculating wall thickness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  33

3 Semi-finished thermo plastic materials  . . . . . . . . . . . . . . . . . . . . .  35
3.1 Elements and structure of thermoplastic materials  . . . . . . . . . . . . . . . .  35

3.2 Absorption of moisture in semi-finished product  . . . . . . . . . . . . . . . . . .  36

3.3 Response during heating  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37

3.4 Expansion and sag  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  39

3.5 Forming temperature ranges  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  41

3.6 Friction properties in thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . .  42

3.7 Contour definition  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  44

3.8 Molding shrinkage in thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . .  45

3.9 Free shrinkage of semi-finished  products  . . . . . . . . . . . . . . . . . . . . . . . .  51

3.10 Effects of stresses in the extruded semi-finished product  . . . . . . . . . . .  55

3.11 Electrostatic charge  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  59

3.12 The visco-elastic properties of  thermoplastic materials during 
 thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  60

3.13 Properties during cooling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  62

3.14 Tolerances of semi-finished products  . . . . . . . . . . . . . . . . . . . . . . . . . . .  62

3.15 Manufacturing process for  thermoplastic semi-finished products  . . . .  63

3.16 Table for the thermoformer  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  67

3.17 Thermoplastics for thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71
3.17.1 Polystyrene (PS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  71
3.17.2 High-impact polystyrene (HIPS)  . . . . . . . . . . . . . . . . . . . . . . . .  72
3.17.3 Styrene butadiene styrene block copolymer (SBS)  . . . . . . . . .  73
3.17.4 Oriented polystyrene (OPS)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  74
3.17.5 Acrylonitrile butadiene styrene copolymer (ABS)  . . . . . . . . . .  75
3.17.6 Acrylic styrene acrylonitrile copolymer (ASA)  . . . . . . . . . . . .  76
3.17.7 Styrene acrylonitrile copolymer resin (SAN)  . . . . . . . . . . . . . .  77
3.17.8 Polyvinylchloride (PVC-U)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  78
3.17.9 Polyethylene, high-density (PE–HD)  . . . . . . . . . . . . . . . . . . . . .  79



 Contents IX

3.17.10 Polypropylene (PP): Detailed presentation  . . . . . . . . . . . . . . . .  80
3.17.11 Extruded polymethyl methacrylate (PMMA ex)  . . . . . . . . . . . .  95
3.17.12 Cast polymethyl methacrylate (PMMA g)  . . . . . . . . . . . . . . . . .  96
3.17.13 Polycarbonate (PC)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  98
3.17.14 Polyamide (PA)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  99
3.17.15 Polyethylene terephthalate, PET: Detailed presentation  . . . . .  100
3.17.16 Polysulfone (PSU)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  107
3.17.17 EPE and EPP foamed materials  . . . . . . . . . . . . . . . . . . . . . . . . .  108
3.17.18 Bioplastics in thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . .  109

3.17.18.1 Biodegradable plastics from renewable  
raw materials  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  110

3.17.18.2 Non-degradable bioplastics  . . . . . . . . . . . . . . . . . . .  115
3.17.19 Multilayer, barrier and composite semi-finished materials  . .  116
3.17.20 Other materials  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  125
3.17.21 Brand names  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  126

4 Heating technology in thermoforming  . . . . . . . . . . . . . . . . . . . . .  127
4.1 Radiant heaters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  127

4.1.1 Heat-transfer concept with infrared radiation  . . . . . . . . . . . . .  127
4.1.2 Heat quantity transferred by radiation  . . . . . . . . . . . . . . . . . . .  129
4.1.3 Homogeneous heating with radiant heaters  . . . . . . . . . . . . . . .  135
4.1.4 Ceramic, quartz and halogen heaters in comparison  . . . . . . .  142

4.2 Reproducibility of heating results in radiant heaters  . . . . . . . . . . . . . .  145
4.2.1 Assessing reproducibility  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  145
4.2.2 Compensation for uncontrollable external influences  

on the heating process  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  149
4.2.3 Power control and temperature control in heaters  . . . . . . . . .  150

4.3 Contact heaters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  151

4.4 Convection heaters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  153

4.5 Minimum heating time, effective heating time and residence time  . . .  154
4.5.1 Effect of heating time on thermoforming response  . . . . . . . . .  154
4.5.2 Positive effect of residence time  . . . . . . . . . . . . . . . . . . . . . . . .  155
4.5.3 Negative effect of residence time  . . . . . . . . . . . . . . . . . . . . . . . .  155

5 Heaters in sheet-processing machines  . . . . . . . . . . . . . . . . . . . . .  157
5.1 Basic principles of heating with  isothermal control  . . . . . . . . . . . . . . .  158

5.1.1 Technical terminology  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  158
5.1.2 Details regarding temperature control with  

ceramic heat  elements  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  161
5.1.3 Advantages of heating systems with closed-loop control   

provided by pilot heater elements  . . . . . . . . . . . . . . . . . . . . . . .  162



X Contents

5.2 Joystick distribution of the heating  pattern  . . . . . . . . . . . . . . . . . . . . . .  162

5.3 Multi-positional control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  164

5.4 Heater-element temperature control with superimposed position  
in percent  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  166

5.5 IR-sensor (pyrometer) for monitoring temperature and closed-loop  
control of heaters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  167

6 Heaters in automatic  roll-fed machines  . . . . . . . . . . . . . . . . . . . .  169
6.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  169

6.2 Heaters regulated by pilot heater  elements in automatic  
roll-fed machines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  170
6.2.1 Heater with longitudinal control of row temperatures  . . . . . .  170
6.2.2 Heater panel with temperature control governing total array   171
6.2.3 Heater with transverse row control  . . . . . . . . . . . . . . . . . . . . . .  172

7 Heating multicoloured and preprinted materials using  
IR heaters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173

7.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173

7.2 Selection of infrared heaters  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  173

8 Thermoforming process on sheet-processing machines  . . . .  177
8.1 Positive forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  178

8.1.1 Positive forming with mechanical prestretching  . . . . . . . . . . .  178
8.1.2 Positive forming with preblow  . . . . . . . . . . . . . . . . . . . . . . . . . .  179
8.1.3 Positive forming with preblow against a board  . . . . . . . . . . . .  182
8.1.4 Positive forming with presuction and unreeling of the  

blister on the mold  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  183
8.1.5 Positive forming with presuction in a vacuum/pressure box  .  184
8.1.6 Application of corner blow nozzles with positive forming  . . .  185

8.2 Negative forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  186
8.2.1 Negative forming without plug-assist tool  . . . . . . . . . . . . . . . .  186
8.2.2 Negative forming with plug-assist tool  . . . . . . . . . . . . . . . . . . .  187

8.3 Positive-negative forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  189

8.4 Twin-chamber method (3K method)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  190

8.5 Twinsheet forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  191
8.5.1 Universal rules for twinsheet forming on series  

twinsheet  forming machines  . . . . . . . . . . . . . . . . . . . . . . . . . . .  192
8.5.2 Twinsheet forming process, UA machine with hand loading  .  193
8.5.3 Machine versions for twinsheet forming  . . . . . . . . . . . . . . . . .  196



 Contents XI

8.6 Adhesive lamination  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  198
8.6.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  198
8.6.2 Lamination process  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  199

9 Thermoforming process on automatic roll-fed machines,  
punching station with blade cut  . . . . . . . . . . . . . . . . . . . . . . . . . . .  203

9.1 Concept of process sequence at the forming station  . . . . . . . . . . . . . . .  203

9.2 Machine equipment with an effect on the forming procedure  . . . . . . .  207

9.3 Selecting the correct forming procedure and tool configuration  . . . . .  208

9.4 Information regarding ways to influence wall thickness distribution  .  209

10 Thermoforming process on automatic roll-fed machines,  
forming and punching tools with shear cuts . . . . . . . . . . . . . . . .  215

10.1 Geometrical motion patterns of the forming and punching station  . . .  215

10.2 The special features of the mechanical cam control  . . . . . . . . . . . . . . .  217

10.3 Flow chart for a forming station using forming and punching tool  
with negative forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  218
10.3.1 Forming-air reduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219
10.3.2 Downholder control  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  219

10.4 Flow chart for a forming station using forming and punching tool  
with shear cut for positive forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  220

11 Special procedures using combined forming and 
punching tools in automatic roll-fed machines  . . . . . . . . . . . . .  221

11.1 Applying linings to dimensionally stable containers  . . . . . . . . . . . . . . .  221

11.2 Labelling in the mold (IML In-Mold Labelling)  . . . . . . . . . . . . . . . . . . . .  223

11.3 Forming and punching tool for rimless formed parts  . . . . . . . . . . . . . .  226

11.4 Thermoforming hollow-base cups  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  227

11.5 Thermoforming with mold and  countermold  . . . . . . . . . . . . . . . . . . . . .  228

12 Thermoforming transparent parts  . . . . . . . . . . . . . . . . . . . . . . . . .  229
12.1 Generally applicable rules for forming transparent parts  . . . . . . . . . . .  229

12.2 Special considerations for molding with sheet-processing machines  .  231

12.3 Special considerations for forming with automatic roll-fed machines  .  232

12.4 Sample procedures – Production of transparent parts  . . . . . . . . . . . . .  236

12.5 Special production process for  transparent parts  . . . . . . . . . . . . . . . . .  241



XII Contents

13 Thermoforming preprinted materials  . . . . . . . . . . . . . . . . . . . . . . .  243
13.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  243

13.2 Determining distortion-printing image  . . . . . . . . . . . . . . . . . . . . . . . . . .  246

14 Cooling the formed parts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  251
14.1 The demolding temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  251

14.2 Influencing factors affecting cooling times  . . . . . . . . . . . . . . . . . . . . . . .  252

14.3 Cooling with the mold  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253

14.4 Cooling with air  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  253
14.4.1 Current technology for air cooling in sheet-processing  

machines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  255
14.4.2 Reducing the mold temperature in conjunction with  

colder cooling air  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  257

15 Demolding  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  261

16 Stacking parts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  265
16.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  265

16.2 Stacking formed parts with changing stacking lugs  . . . . . . . . . . . . . . .  271

17 Finish-processing on thermoformed parts  . . . . . . . . . . . . . . . . . .  273
17.1 Separating, cutting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  273

17.2 Deburring  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  276

17.3 Connecting  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  276

17.4 Recycling  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  278

18 Punching thermoformed parts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279
18.1 Blade cut  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  279

18.2 Shear cut  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  286

18.3 Comparisons of blade and shear cuts  . . . . . . . . . . . . . . . . . . . . . . . . . . .  293

18.4 Factors affecting the punching process  . . . . . . . . . . . . . . . . . . . . . . . . . .  296

18.5 Angel-hair formation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  297
18.5.1 Reduction of angel-hair formation with blade cut  . . . . . . . . . .  301
18.5.2 Reduction in angel-hair formation with shear cut  

in forming and punching tool  . . . . . . . . . . . . . . . . . . . . . . . . . .  302

18.6 Rough-edged cuts – Die drool  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  304

18.7 Punching forces  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  306



 Contents XIII

18.8 Conclusion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  308
18.8.1 Blade-cut tools - Punching tools for separate  

punching station  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  308
18.8.2 Shear-cut tools for separate punching station  . . . . . . . . . . . . .  309
18.8.3 Forming and punching tools with blade cut  . . . . . . . . . . . . . . .  310
18.8.4 Forming and punching tools with shear cut  . . . . . . . . . . . . . . .  310

18.9 Related cutting procedures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  311

19 Decoration and thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  315
19.1 Illustrations  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  320

20 Distortion in thermoformed parts  . . . . . . . . . . . . . . . . . . . . . . . . . .  329
20.1 Demonstrations of influences on  distortion  . . . . . . . . . . . . . . . . . . . . . .  329

20.2 Effect of thick points  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  331

20.3 Effect of tension in the semi-finished material  . . . . . . . . . . . . . . . . . . . .  331

20.4 Distortion in a labelled formed part  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  332

20.5 Distortion of the clamped flange on a rectangular formed part  . . . . . .  332

20.6 Distortion with anisotropic contraction  . . . . . . . . . . . . . . . . . . . . . . . . . .  333

20.7 Conclusion, causes of distortion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  334

20.8 Tips and information regarding  distortion  . . . . . . . . . . . . . . . . . . . . . . .  335

21 Thermoforming tools  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  337
21.1 Terminology and definitions  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  337

21.2 Materials for the forming segment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  338

21.3 Help for the tool material and version selection  . . . . . . . . . . . . . . . . . . .  342

21.4 Positive or negative forming?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  343

21.5 Design configuration of the forming surface  . . . . . . . . . . . . . . . . . . . . .  344

21.6 Processing shrinkage: Who supplies the data?  . . . . . . . . . . . . . . . . . . .  348

21.7 Determining the size of the material  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  349

21.8 The substructure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  350
21.8.1 Illustrations of structural concepts for tools  . . . . . . . . . . . . . . .  353
21.8.2 Adjustable substructures for sheet-processing machines  . . . .  357
21.8.3 Difference between invariable format and adjustable 

substructure  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  358

21.9 Design details for thermoforming tools  . . . . . . . . . . . . . . . . . . . . . . . . . .  359
21.9.1 Sidewall drafts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  359
21.9.2 Surface roughness  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  360



XIV Contents

21.9.3 Radii  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  363
21.9.4 Tool venting, air-discharge cross-sections  . . . . . . . . . . . . . . . .  364
21.9.5 Cavities  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  368
21.9.6 Materials for plug-assist tools  . . . . . . . . . . . . . . . . . . . . . . . . . .  368
21.9.7 Plug-assist tool contours for negative forming  . . . . . . . . . . . . .  370
21.9.8 Plug-assist tool for positive tools  . . . . . . . . . . . . . . . . . . . . . . . .  374

21.10 Tool with undercut  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  375
21.10.1 Demolding undercuts without detachable parts  . . . . . . . . . . .  375
21.10.2 Detachable parts (slider) for demolding undercuts  . . . . . . . . .  375

21.11 Tool design for flat formed parts with low stretch  . . . . . . . . . . . . . . . . .  376

21.12 Tools for forming transparent parts  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  377

21.13 Tools for twinsheet forming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  379

21.14 Tools for sheet-material hinges and snap couplings  . . . . . . . . . . . . . . .  385

21.15 Forming and punching tools with shear cut in automatic  
roll-fed machines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  391

21.16 Forming and punching tools with knife cut in automatic  
roll-fed machines  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  394

21.17 Preventative maintenance on forming tools  . . . . . . . . . . . . . . . . . . . . . .  407

22 Temperature control for thermoforming tools  . . . . . . . . . . . . . .  411
22.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  411

22.1.1 Temperature control terminology  . . . . . . . . . . . . . . . . . . . . . . .  411
22.1.2 Effects of tool temperature  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  412
22.1.3 When is it possible to dispense with tool  

temperature control?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  412

22.2 Temperature-control media  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  413

22.3 Materials for thermoforming tools  suitable for temperature control  . .  414

22.4 Cooling-circuit versions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  414
22.4.1 Examples of circuits in thermoforming machines  . . . . . . . . . .  415

22.5 Cooling process  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  417

22.6 The cooling requirements of a  thermoformed part  . . . . . . . . . . . . . . . .  418
22.6.1 The enthalpy diagram  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  418
22.6.2 Enthalpy tables  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  419
22.6.3 Required cooling power for the tool  . . . . . . . . . . . . . . . . . . . . .  419

22.7 Design configuration of temperature- control system for a  
forming tool  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  420
22.7.1 Material quantity being cooled (material throughput)  . . . . . .  421
22.7.2 Required cooling power during production  . . . . . . . . . . . . . . .  421



 Contents XV

22.7.3 Cooling-water requirement for tool cooling  . . . . . . . . . . . . . . .  422
22.7.4 Contact surface required for the cooling water  . . . . . . . . . . . .  423
22.7.5 Total length of cooling passages  . . . . . . . . . . . . . . . . . . . . . . . .  424
22.7.6 Water velocity  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  424
22.7.7 Resulting pressure drop in the tool  . . . . . . . . . . . . . . . . . . . . . .  425
22.7.8 Pressure loss when connecting the forming tool in the  

machine  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  427

22.8 Pressure loss in the machine’s  pipework  . . . . . . . . . . . . . . . . . . . . . . . .  429

22.9 Pressure loss in overall  temperature-control circuit  . . . . . . . . . . . . . . .  430

22.10 Testing the pumping capacity of the connected temperature control  
or cooling equipment  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  431

22.11 Assessing the test result  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  432

22.12 Design configuration options in heat transfer  . . . . . . . . . . . . . . . . . . . .  433

22.13 The effects of air cooling on tool  cooling  . . . . . . . . . . . . . . . . . . . . . . . . .  433

22.14 Preventive maintenance  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  434

23 Energy consumption in thermoforming  . . . . . . . . . . . . . . . . . . . .  437
23.1 General information  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  437

23.2 Specific energy consumption in  thermoforming  . . . . . . . . . . . . . . . . . .  438

23.3 The share of energy costs as a  proportion of the manufacturing costs  
for moldings  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  441

23.4 Options for reducing the specific energy consumption  . . . . . . . . . . . . .  444
23.4.1 Saving energy with electric drive units  . . . . . . . . . . . . . . . . . .  446
23.4.2 Reduction of energy use in pressure forming  . . . . . . . . . . . . .  448
23.4.3 Reduction in the volume filled with compressed air,  

forming air reduction  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  449
23.4.4 Effects of pressure level  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  450
23.4.5 Reducing energy consumption during heating  . . . . . . . . . . . .  454
23.4.6 Cost reductions with new vacuum pumps  . . . . . . . . . . . . . . . .  457
23.4.7 Short cooling times reduce energy costs  . . . . . . . . . . . . . . . . .  457
23.4.8 Insulation of pipes?  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  459
23.4.9 Application of fresh-air coolers instead of  

refrigeration units with compressor  . . . . . . . . . . . . . . . . . . . . .  459
23.4.10 Offset heater starting time reduces price of power  . . . . . . . . .  459
23.4.11 Using energy reduction for extended downtime periods  . . . .  460
23.4.12 Using the machine’s basic settings  . . . . . . . . . . . . . . . . . . . . . .  460
23.4.13 Regular periodic maintenance  . . . . . . . . . . . . . . . . . . . . . . . . . .  460
23.4.14 Dynamic process optimisation  . . . . . . . . . . . . . . . . . . . . . . . . . .  461
23.4.15 The energy consumption display  . . . . . . . . . . . . . . . . . . . . . . . .  461
23.4.16 Energy consumption measurements in production  . . . . . . . . .  461



XVI Contents

24 Thermoforming faults  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  463
24.1 Geometrical configuration errors on the formed part  . . . . . . . . . . . . . .  463

24.2 Faults in the material  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  468

24.3 Selection of the correct thermoforming machine  . . . . . . . . . . . . . . . . . .  470

24.4 Errors during installation of the  thermoforming machine  . . . . . . . . . .  471

24.5 Faults in the thermoforming tool  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  471

24.6 Errors during break-in new  thermoforming tools  . . . . . . . . . . . . . . . . .  473

24.7 Errors during sample article  inspections  . . . . . . . . . . . . . . . . . . . . . . . .  474

24.8 Errors during heating with infrared radiators  . . . . . . . . . . . . . . . . . . . .  474

24.9 Pipe and tube cross-sections for air and vacuum  . . . . . . . . . . . . . . . . . .  475

24.10 Preventing wrinkle formation  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  476

24.11 Fault diagnosis in thermoforming  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  477

Index   . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 489



Thermoforming is understood as the process of reshaping thermoplastic materials 
at high temperatures in order to create formed parts.

The illustration in Figure 1.1 shows the concept of a thermoforming process  relying 
on vacuum forming.

The stages in this process are:

 � Heating the semi-finished material to its forming temperature within the elasto-
plastic range

 � Endowing it with a shape defined by the thermoforming tool
 � Cooling under forced retention, which continues until a temperature at which 
the formed part achieves geometrical stability is reached

 � Demolding the geometrically stabilised formed part
The finished part’s wall thickness is defined by the ratio of elongation in the gener-
ated surface to the initial surface area. The wall-thickness distribution in the 
formed part is primarily determined by the mold and the forming procedure.

The contour definition – equating with the accuracy with which the mold’s con-
tours are reproduced  – is primarily determined by the temperature-sensitive 
strength of the semi-finished product during the forming process and the effective 
contact pressure generated between the semi-finished product and the surface of 
the mold.

The formed part is usually cooled on one side through contact with the mold and 
on the other side through atmospheric or forced-air cooling.

This process is usually followed by various subsequent treatments, such as cut-
ting, welding, adhesive bonding, hot sealing, painting, metallising and flocking.

The terms “vacuum forming” and “pressure forming” are also employed. This also 
refers to molding using vacuum and compressed air. 

1  Introduction
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1  Plug-assist tool (plug assist)

2  Forming segment

3  Air-discharge passage

4  Thermoplastic material

5  Air-discharge plenum

6  Upper clamping frame

7  Lower clamping frame

8  Segment carrier plate

9  Vacuum connection

Figure 1.1  Concept of thermoforming

Advantages and disadvantages of thermoforming
A manufacturing process will only prove successful provided that it can produce 
parts of equal quality but at less expense, or in better quality at the same cost. 
There are also applications in which injection molding and blow molding compete 
with thermoforming. Thermoforming is usually without competition in the realm 
of packaging technology, except in those cases in which cardboard and paper are 
utilised as alternate packaging materials.

The essential benefits of thermoforming are:

 � Formed parts with extremely thin walls, such as packaging units, can be manu-
factured using semi-finished materials with a high melting viscosity, although 
such parts require granulate with an extremely low melting viscosity for produc-
tion with injection molding – provided that they can be manufactured at all.

 � The smallest thermoformed parts assume sizes on the order of those used for 
medicinal tablets and button cell batteries. Large formed parts, such as garden 
ponds, reach sizes extending to between 3 and 6 metres in length. Formed parts 
in dimensions embracing multiple square metres can be produced without prob-
lems, while the process technology imposes no inherent limits on the size of the 
formed parts or the gauge of the semi-finished material.

 � Semi-finished materials with gauges ranging from 0.05 to 15 mm are used, with 
foamed materials extending to 60 mm.

 � Application of multilayer materials renders it possible to produce formed parts 
with combinations of properties regarding flexural and tearing strength, surface 
gloss, haptic compliance, anti-slip properties, suitability for sealing, UV resis-
tance, barrier characteristics, embedment of granulate in a layer below the 
 surface, inclusion of layers incorporating fibres, etc. When the individual layers 
fail to furnish adequate adhesion, then intermediate layers can be incorporated 
to facilitate bonding.
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 � Thermoforming is suitable for processing foamed materials, fibre-reinforced ma-
terials and thermoplastic materials with laminated textiles as well as preprinted 
semi-finished products.

 � The stretching representing an intrinsic element in the process enhances the 
formed part’s mechanical properties by promoting orientation.

 � Owing to forming contact on just one side, thermoforming molds are more eco-
nomical than (for instance) injection molding tools, which rely on bilateral form 
contact to define wall thickness.

 � The modest tooling costs represent a benefit of using thermoforming for limited 
production runs. Thermoforming’s salient assets in large production runs con-
sist of the minimum wall thicknesses that can be achieved and the high produc-
tion rates reached by the thermoforming machines.

 � Thermoforming machines featuring modular design configurations allow adapta-
tion to the required production rate.

 � Waste materials such as the skeletal sheet webs and clamped edge strips are 
granulated, only to return to the processing cycle when recycled during manu-
facture of the semi-finished product.

The materials used in thermoforming assume the form of semi-finished products 
consisting of sheet material in rolls or formed into pre-cut sheets that are produced 
from granulate or powder in an initial shaping procedure. This entails supplemen-
tary expenditures relative to injection molding for the initial material.

In thermoforming, the semi-finished product is only in contact with one side of the 
thermoforming tool as an intrinsic characteristic of the process. It is for this  reason 
that the formed part represents an accurate reproduction of the mold’s contours on 
only one of its sides. The contour on the opposite side is produced by the resulting 
elongation.

Future perspectives
Within the plastics-processing sector, it is thermoforming that represents the 
realm promising the highest growth rates. This applies to formed parts destined 
for technical applications as well as packaging.

 � In its guise as a process that relies on careful craftsmanship and extensive 
 experience, thermoforming is currently in a state of transition as it evolves into 
a highly controlled process.

 � Sensors combine with closed-loop control technology to allow automation of the 
thermoforming process.

 � Recycling waste materials from production, granulation and admixture to form 
new materials has long been the state-of-the-art in technology.
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 � Natural “bio” synthetics are becoming progressively more economical. The ther-
moforming process is predestined to apply these materials for thin-wall packag-
ing with ever-increasing emphasis.

 � Application of multilayer materials allows production of parts featuring a wide 
spectrum of potential applications.

 � Meanwhile, in high-wage countries, the trend is continuing toward increased 
 automation, integration of subsequent processes and higher productivity.



�� 2.1� Process sequence

The thermoforming process consists of the following individual steps:

1. Heating the material to forming temperature

2. Preforming the heated material with prestretching

3. Contour molding the formed part

4. Cooling the formed part

5. Demolding the formed part

Heating
See Chapter 4 “Heating technology in thermoforming”.

Preforming
Various options for preforming are in existence, i. e.:

 � Prestretching with preblow, i. e., bubble formation with compressed air
 � Prestretching with presuction, i. e., bubble formation with vacuum
 � Mechanical prestretching using a plug assist, also called plug-assist tool or upper 
plug

 � Mechanical prestretching using the form itself
 � Combination of the above-cited prestretching options

Contour molding
Examples of contour molding:

 � Contour molding with vacuum (vacuum-forming machines)
 � Contour molding with compressed air (pressure-forming machines or vacuum- 
forming machines with locked molds)

2   Basic principles 
and terminology in 
thermoforming



6 2 Basic principles and terminology in thermoforming 

 � Contour molding with compressed air and vacuum (pressure-forming machines 
with supplementary vacuum connection or vacuum-forming machines with 
locked molds)

 � Contour molding with stamping. Stamping allows bilateral definition of the tool’s 
contours. Applied for foamed materials, more rarely for stamping and calibrating 
edges.

Cooling
Cooling options for the formed part, based on machine type:

 � Cooling through contact with the forming tool (usually unilateral)
 � Cooling with air in various versions:

 � Air is ingested from the environment with suction (standard)
 � A building-installed system delivers cool air to the fans
 � Water spray mist is blown into the air current; as this spray mist evaporates in 
the air stream, it cools the air. At air velocities of approximately 10 m/s and a 
distance between fan and formed part of roughly 1.5 m, the air cools by about 
10 °C. (Notice: When the airspeeds are too high, the formed parts become wet 
because adequate time for evaporation of the water spray mist is not avail-
able.)

 � Free cooling in the air if procedure is without mold.

Demolding
Demolding proceeds once the thermoplastic material has cooled below its plia-
bility temperature, i. e., it is stiff enough.

�� 2.2� Positive and negative forming

Positive forming (Figure 2.1, a):

 � Molding reflecting the outer contour of the form (simplified definition)
 � The return forces in the material and the contour-molding forces are effective in 
the same direction.

Negative forming (Figure 2.1, b):

 � Molding reflecting the inner contour of the form (simplified definition)
 � The return forces in the material and the forming forces are mutually opposed.
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a) b)

Figure 2.1  Positive and negative forming 
a) Positive forming (schematic) 
b) Negative forming (schematic) 
X = molded dimension from mold

Table 2.1 Comparison between positively and negatively formed part

Property Positively formed part Negatively formed part
Accuracy of molded image 
in the formed part

On the inside On the outside

Dimensions (in drawing) On the inside On the outside
Thick edge sector Edge thinned by stretching Edge remains practically 

unstretched; wall thickness 
equals initial thickness

Thickest location* On base On edge
Thinnest location* On edge 

(transition to sidewall)
On base 
(transition to sidewall)

Risk of wrinkle formation At corners contiguous to edge No wrinkle formation
* If molded without preforming, with relatively low stretching ratio

a) b)

Figure 2.2  a) Positively formed part with wrinkles toward the edge and chill marks at the 
 corners marking the transitions between base and sidewalls 
b) Negatively formed part without wrinkles and consistent edge thickness around 
entire periphery
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�� 2.3� Vacuum and pressure forming

Depending upon the forming pressure available for the thermoforming process, 
the standard reference is to vacuum or pressure forming.

During vacuum forming, the vacuum pump supplies the vacuum applied to the 
heated material which has been heated, as well as preformed as required, to suck 
it onto the surface for the mold. This produces a forming pressure corresponding 
to the difference between atmospheric pressure and the vacuum generated by the 
vacuum pump, i. e., of a maximum of approximately 1 bar (100,000 Pa).

During pressure forming, compressed air pushes the heated material against the 
surface of the tool. This process relies on a sealed compressed-air chamber, into 
which the compressed air can flow as forming air.

With regard to the maximum forming pressure (also pressure of the forming air), 
various levels are available: up to 2.5 bar, 6 to 8 bar and special-duty machines 
with up to approximately 200 bar.

2.3.1� Differences between vacuum and pressure forming

Table 2.2 Comparison between vacuum and pressure forming

Property Vacuum  
forming

Pressure  
forming

Comment

Forming temperature 
of the material

Higher Lower With the same contour definition, 
 temperature differential roughly 20 °C

Sag Higher Lower Determined by the material’s tempera-
ture-sensitive strength

Friction between 
material and plug- 
assist tool

Higher Lower Friction increases with higher material 
 temperature

Friction between 
material and mold

Higher Lower Friction increases with higher material tem-
perature

Required forming 
force

Lower Higher Determined by the material’s temperature- 
sensitive strength 
Attention to special cases: APET, CPET,  lowest 
forming force at a specific temperature!

Contour definition Lower Higher At same forming temperature
Wall thickness 
 distribution

Worse Better Universal statement

Chill marks Higher Lower Owing to friction/stiction
Thermal resistance 
of formed part

Lower Higher As the forming temperature increases, the 
residual stresses in the heated material 
decrease proportionately, with commensu-
rate increases in thermal resistance

Cooling time Higher Lower Owing to forming temperature
Cycle time Longer Shorter Owing to cooling time
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Property Vacuum  
forming

Pressure  
forming

Comment

Vent holes in mold Larger 
 individual 
cross- 
sections

Smaller 
 individual 
cross- 
sections

Sample bores:
 � For HIPS: 0.8/0.5 mm,
 � for PP: 0.6/0.3 mm.

Example of slots:
 � For HIPS: 0.5/0.3 mm,
 � for PP: 0.3/0.2 mm.

Tool costs Lower Higher Differences: Pressure box for pressure 
 forming, size and sum of vent bores and 
slots, overall stability of mold.

Tool weight Lower Higher Owing to pressure box
Retention force of 
machine

Lower Higher If the mold has no locking mechanism

Energy consumption 
for contour molding

Lower Higher Universal statement for tools with “standard 
design”. Very substantial reductions in 
energy consumption for pressure forming are 
available through application of targeted 
solutions.

Manufacturing costs 
for small production 
runs

Lower Higher Generally applicable blanket statement

Manufacturing costs 
for large production 
runs

Higher Lower Generally applicable blanket statement

If the quality can be achieved with either vacuum or with pressure forming, and 
the machines for both are available, then a calculation of product manufacturing 
costs for the formed part will determine whether vacuum or compressed air should 
be used for forming.

2.3.2� Application for pressure forming

Packaging parts
 � As a universal rule, articles that must be produced in large numbers, such as 
cups, lids, trays, packaging inserts, etc.

 � For materials with which vacuum forming is accompanied by difficulties in the 
areas of transparency, wall-thickness distribution and contour definition:

 � PP in consideration of its low melt resistance (sag)
 � OPS owing to its low forming-temperature range
 � APET because its transparency and suitability for molding both decline as 
forming temperatures rise

 � For preprinted sheet material owing to the low level of distortion in the printed 
image at low forming temperatures.

Table 2.2 Comparison between vacuum and pressure forming (continued)
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Parts for technical applications
 � Parts in which an extremely high level of contour definition (extremely small 
radii) is demanded and the material cannot be formed with this level of precision 
using a vacuum, such as polycarbonate and cast acrylic glass.

 � For particularly high demands for surface quality in formed parts.
 � In general, if the forming force obtained with vacuum is not adequate.

Conclusion
Using pressure forming extends the borders of the realm of possibility.

Pressure forming always requires more complex tools, but always offers the advan-
tage of shorter cycle times.

The energy consumption during pressure forming is generally higher than in vac-
uum forming. Minimum compressed-air consumption implemented with appropri-
ate tool technology can allow increased pressure for the forming air, which makes 
it possible to reduce the material’s forming temperature. The energy consumption 
must be calculated to determine whether increased tool expenditure for decreasing 
compressed-air consumption represents a worthwhile investment.

Vacuum forming is better for limited production runs because the tools are sim-
pler – with the proviso that the formed parts display the demanded quality.

The manufacturing costs incurred in producing the formed parts in large produc-
tion runs are usually more favourable than with vacuum forming. The production 
costs for the formed parts must be subjected to mutual comparisons as the basis 
for unambiguous conclusions.

�� 2.4� Forming pressure, contour-molding 
pressure, and contour definition

The forming pressure in a machine with vacuum forming corresponds to the differ-
ence between the atmospheric pressure on one side of the material and the vac-
uum that the vacuum pump is generating on the other side of the material. At sea 
level, the barometric pressure is approximately 1 bar (100,000 pascals), and this 
figure decreases by roughly 0.1 bar with each altitude increase of 1000 m. Thus the 
reshaping, or forming pressure (at sea level) will be about 1 bar with an as-new 
vacuum pump. At 1 m2 A forming force of roughly 10,000 daN is thus exerted 
against the forming surface during vacuum forming. This corresponds to the total 
weight of approximately ten compact cars.
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The contour-molding pressure as applied reshaping pressure of the material 
against the walls of the mold results from the forming pressure and the return 
tension in the material during stretching.

Within the mold, the positions indicated with (+) in Figure 2.3 are:

Resulting contour-molding pressure = Forming pressure + return tension in the 
 material

Applicable to positions identified with (–) in Figure 2.3:

Resulting contour-molding pressure = Forming pressure  – return tension in the 
 material

a) c)

d)b)

Figure 2.3  Schematic representation of resulting contour-molding pressure as sum of  
forming and return force of a material 
a) and b) Positive mold 
c) and d) Negative mold 
(+) Surfaces on the tool where the return forces in the material and the 
 contour-molding forces are exerted in the same direction 
(−) Surfaces on the tool where the return forces in the material and the 
 finish-forming forces are mutually opposed during forming

The contour definition achieved in a specific section of the part will primarily 
 depend on the type of plastic, the forming temperature and the resulting con-
tour-molding pressure.
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�� 2.5� Preblow, presuction, pressure 
 equalisation, air injection

Preblow
Preblow (Figure 2.4) designates prestretching the semi-finished material by form-
ing a bubble using positive pressure. The preblow pressure in most machines is a 
maximum of 0.03 bar. 

Figure 2.4  Preforming with preblow (this is not possible in all thermoforming machines)

Presuction
Presuction (Figure 2.5) designates preforming the semi-finished material by form-
ing a bubble using a vacuum. 

Figure 2.5  Preforming with presuction (this is not possible in all thermoforming machines) 
Above: Presuction in a blow box 
Below: Presuction in a vacuum/pressure box

Pressure equalisation
Once the cooling time has elapsed following the forming process, but before air- 
assisted demolding starts, the forming pressure (vacuum or compressed air) is 


