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In this e-book, we will delve into the fundamentals of plastic thermoforming, a widely used manufacturing 
process in which a sheet of plastic is heated, formed, and trimmed to create a wide range of products. 
We will explore the various types of plastics used in thermoforming, their material properties, and the 
considerations for selecting the right material for specific applications. 

Furthermore, we will provide a comprehensive overview of the thermoforming process, including the stages 
of pre-processing, heating, forming, and finishing. We will also discuss the different types of thermoforming 
machines and their respective advantages and applications. 

The e-book will cover the essentials of tooling for thermoforming, including mold design, materials, venting, 
cooling, maintenance, and repair. Troubleshooting common issues encountered during the thermoforming 
process will be addressed, along with techniques for quality control and process optimization.

Safety considerations, such as machine operation, material handling, and emergency procedures, will be 
discussed to ensure a safe working environment. Additionally, we will explore the future trends in plastic 
thermoforming, including automation, sustainable materials, and energy efficiency.

By the end of this e-book, readers will have gained a solid understanding of the fundamentals of plastic 
thermoforming, enabling them to make informed decisions about material selection, machine options, 
tooling design, troubleshooting techniques, and safety practices.

Note: The content in this e-book provides an overview of plastic thermoforming and should be 
supplemented with practical training, hands-on experience, and professional guidance for a complete 
understanding of the subject matter.



Thermoformed Product Design              onebmg.com 3

Table of Contents

Chapter 1: Introduction to Plastic Thermofoming						      6 
	 Definition and Overview								        6 
	 Application and Benefits								        6 
	 Advantages and Disadvantages of Thermoforming					     7 
	 Environmental Considerations							       9 
	 Conclusion										          10

Chapter 2: Thermoforming Materials								       11 
	 Introduction to Thermoforming Materials						      11 
	 Common Thermoforming Materials							       11 
	 Specialty Thermoforming Materials							       12 
	 Material Selection Considerations							       14 
	 Conclusion										          14

Chapter 3: The Thermoforming Processes							       15 
	 Pre-Processing Stage									        15 
	 Heating and Softening								        15 
	 Forming and Cooling									         15 
	 Trimming and Finishing								        15

Chapter 4: Thermoforming Machines								       16 
	 Introduction to Thermoforming Machines						      16 
	 Types of Thermoforming Machines							       16 
	 Post-Trim Thermoforming Machines							       16 
	 Trim-in-Place Thermoforming Machines						      16 
	 Form/Cut/Stack Machines								        16 
	 Contact Heat Machines								        16 
	 Vacuum Forming Machines								        16 
	 Pressure Forming Machines								        17 
	 Twin-Sheet Forming Machines							       17 
	 Rotary Thermoforming Machines							       17 
	 Machine Components and Operation							      17

Chapter 5: Thermoforming Tooling								        20 
	 Introduction to Thermoforming Tooling						      20 
	 Types of Thermoforming Tooling							       20 
	 Form Tooling										          20



Thermoformed Product Design              onebmg.com 4

Table of Contents

	 Trim Tooling										          20 
	 Twin-Sheet Tooling									         20 
	 Tooling Design and Construction							       21 
	 Mold Design										          21 
	 Mold Construction									         21 
	 Tooling Maintenance and Repair							       21 
	 Conclusion										          22

Chapter 6: Troubleshooting in Thermoforming						      23 
	 Introduction to Troubleshooting in Thermoforming					     23 
	 Common Thermoforming Issues and Solutions					     23 
	 Poor Material Distribution								        23 
	 Part Distortion or Warping								        23 
	 Excessive Part Flash or Trim Waste							       24 
	 Surface Imperfections									        24 
	 Troubleshooting Techniques								        25 
	 Conclusion										          25

Chapter 7: Advanced Thermoforming Techniques						      26 
	 In-Mold Texturing									         26 
	 Hybrid Thermoforming								        26 
	 Pressure Forming with Inserts							       26 
	 Inline Trimming and Stacking								        26

Chapter 8: Quality Control and Process Optimization					     27 
	 Dimensional Checks and Tolerance Control 						      27 
	 Material Thickness Uniformity								       27 
	 Cycle Time Optimization								        27 
	 Defect Analysis and Prevention							       27

Chapter 9: Safety Considerations in Thermoforming						     28 
	 Machine Operation Safety								        28 
	 Material Handling and Storage							       28 
	 Personal Protective Equipment (PPE)							      28 
	 Emergency Procedures								        28 



Thermoformed Product Design              onebmg.com 5

Table of Contents

Chapter 10: Future Trends in Plastic Thermoforming						     29 
	 Automation and Robotics								        29 
	 Sustainable Material Innovations							       29 
	 Digitalization and Data Analytics							       29 
	 Conclusion										          29



Thermoformed Product Design              onebmg.com 6

Chapter 1: Introduction to Plastic Thermoforming

Definition and Overview
Plastic thermoforming is a versatile manufacturing process used to shape thermoplastic sheets into desired 
forms. It involves heating a thermoplastic sheet until it becomes pliable, then using a mold or forming tool 
to shape it into the desired geometry. Once the part has taken its form, it is cooled, trimmed, and finished to 
create a final product.

Thermoforming offers several advantages over other manufacturing methods. It is a cost-effective process, 
particularly for large-scale production runs, as it requires less expensive tooling compared to processes 
like injection molding. Thermoforming also provides design flexibility, allowing for the creation of complex 
shapes, undercuts, and texture variations. The process offers rapid production capabilities, making it ideal 
for time-sensitive projects or short lead times. Additionally, thermoforming allows for customization options 
such as color matching, surface finishes, and branding.

The applications of plastic thermoforming span across various industries. In the packaging industry, it is 
utilized for producing trays, clamshells, and blister packs. It is also used for producing consumer goods 
such as toys, electronics, and point-of-purchase displays. Thermoforming finds extensive use in the medical 
field for creating items like trays, surgical instrument components, and protective covers. In the automotive 
sector, thermoforming is used to create interior components, such as dashboards, door panels, and 
consoles. In aerospace, thermoforming is employed for manufacturing lightweight interior components. 

Applications and Benefits
Plastic thermoforming finds application in a wide range of industries due to its numerous benefits. One of 
the significant advantages is cost-effectiveness. Thermoforming offers reduced tooling costs compared to 
other manufacturing processes, making it an economical choice for both small and large production runs. 
The ability to use lower-cost materials further contributes to cost savings.

Design flexibility is another key benefit of thermoforming. It allows for the creation of intricate shapes 
and contours, enabling designers to bring their visions to life. Thermoforming also offers the possibility of 
incorporating undercuts, logos, textures, and various surface finishes into the final product. The process 
enables the production of both aesthetically pleasing and functional parts.

The speed of thermoforming makes it suitable for rapid production. The ability to quickly produce large 
quantities of parts makes it a preferred choice for industries with high-volume demands. Thermoforming 
machines have a short setup time, reducing downtime and increasing overall production efficiency.
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Additionally, thermoforming allows for customization options to meet specific requirements. Material 
selection can be tailored based on the desired properties such as impact resistance, UV stability, or clarity. 
Thermoformed parts can be easily colored, printed, or textured to achieve the desired appearance. The 
process also enables the integration of inserts or additional components during forming, expanding the 
functionality of the parts.

Advantages and Disadvantages of Thermoforming
Thermoforming is a manufacturing process used to shape plastic sheets into various products by heating 
the material and forming it over a mold. This technique offers several advantages and disadvantages, which 
I’ll explain below:

Advantages of Thermoforming:

Cost-effective

 
Thermoforming is generally a cost-effective method compared to other plastic 

manufacturing processes like injection molding or blow molding. It requires simpler 

molds, less machinery and typically provides higher output, resulting in a higher ROI. 

Versatility

 
Thermoforming can be used to produce a wide range of products with different shapes, 

sizes,  complexities and material thicknesses. It offers design flexibility, allowing for the 

creation of both simple and intricate parts. 

Rapid prototyping

 
Thermoforming is compatible with a wide variety of thermoplastic materials, such as 

PP, PE, PS, HIPS, RPET, PET, PVC, and acrylics. This versatility allows manufacturers 

to choose materials with specific properties, such as transparency, impact resistance,  

heat resistance or is food gradebased on the application requirements. 

Chapter 1: Introduction to Plastic Thermoforming
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Material options

 
Thermoforming is compatible with a wide variety of thermoplastic materials, such as 

PP, PE, PS, HIPS, RPET, PET, PVC, and acrylics. This versatility allows manufacturers 

to choose materials with specific properties, such as transparency, impact resistance,  

heat resistance or is food gradebased on the application requirements. 

Efficient  
material usage

 
Thermoforming generally requires less raw material compared  

to other processes like injection molding. 

 

Disadvantages of Thermoforming: 
 

Limited part 
thickness

 
In-Line conventional Thermoforming is more suitable for light to medium gauge 

products ranging from .008 to .188 in material thickness. The process window and 

cycle rates become more challenging when it comes to manufacturing heavier gauge 

products, as maintaining uniform heating and cooling throughout the material and 

tooling is instrumental. 

Product design

 
Compared to other manufacturing processes like injection molding, thermoforming 

may have limitations in achieving intricate details, sharp corners, and severe undercuts. 

The nature of the thermoforming process can make it more challenging to create these 

features in a high production state. 

Surface 
imperfections

 
The thermoforming process can sometimes result in surface imperfections, such as 

ripples “Webbing”, thinning, or visible lines “Chill Marks”. Depending on the material 

formulation, product geometry and forming conditions these imperfections can typically 

be corrected and processed accordingly however some may inherently need to be 

designed into the product. 

Chapter 1: Introduction to Plastic Thermoforming
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Limited material 
options for 
extreme  
conditions

 
Thermoformed parts may have limitations when it comes to extreme temperature, 

chemical resistance, or structural strength requirements. In these cases, other 

manufacturing processes or alternative materials may be more suitable. 

 
It’s important to note that the advantages and disadvantages of thermoforming can vary depending on the 
specific application, part complexity, and desired outcome. Manufacturers should carefully consider these 
factors when selecting a manufacturing process for their products.

Environmental Considerations
In recent years, there has been a growing focus on environmental sustainability in the manufacturing 
industry, and thermoforming is no exception. Several initiatives have been undertaken to reduce the 
environmental impact of thermoforming processes.

One of the key considerations is the choice of materials. Thermoplastic sheets used in thermoforming 
can be selected based on their recyclability and biodegradability. Using recyclable materials reduces 
the reliance on virgin plastic and promotes a circular economy. Furthermore, the use of biodegradable 
materials allows for the production of thermoformed parts that have a lower environmental impact 
throughout their lifecycle.

Efforts have also been made to increase recycling rates for thermoformed 
products. Recycling technologies specific to thermoformed plastics have been 
developed, enabling the reprocessing of post-consumer and post-industrial 
waste. This helps reduce landfill waste and conserve resources.

Sustainable practices are being implemented in thermoforming operations.  
Energy-efficient heating systems, such as infrared or radiant heating, are used 
to reduce energy consumption during the heating stage. Optimized process 
parameters, such as forming pressures and cooling rates, minimize material  
waste and energy usage.

Furthermore, advancements in packaging design and material reduction techniques have resulted in 
thinner gauge sheets, reducing material consumption and overall environmental impact.

Chapter 1: Introduction to Plastic Thermoforming
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Conclusion:
Chapter 1 introduces plastic thermoforming, highlighting its definition, overview, applications, and benefits. 
The chapter emphasizes the cost-effectiveness, design flexibility, and rapid production capabilities of 
thermoforming. It also discusses the importance of environmental considerations in thermoforming, 
including material selection, recycling, and sustainable practices. This chapter serves as a foundation for 
readers to gain a comprehensive understanding of the fundamentals of plastic thermoforming.

Chapter 1: Introduction to Plastic Thermoforming
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Introduction to Thermoforming Materials
Thermoforming materials are thermoplastic polymers that possess the ability to soften when heated and 
then solidify into the desired shape upon cooling. These materials come in various forms, including sheets, 
rolls, or pellets, and offer a wide range of properties to meet different application requirements.

The selection of thermoforming materials depends on several factors such as mechanical properties, 
chemical resistance, transparency, UV stability, and cost. It is essential to choose a material that not  
only provides the desired functional characteristics but also suits the specific processing requirements  
of thermoforming.

Common Thermoforming Materials 
 

Polystyrene
 

PS 

 
Polystyrene is one of the most commonly used materials in thermoforming due 

to its cost-effectiveness and ease of processing. It is available in two main forms: 

general-purpose polystyrene (GPPS) and high-impact polystyrene (HIPS). GPPS 

offers good clarity and is suitable for applications requiring transparency, such 

as food packaging. HIPS, on the other hand, has improved impact resistance and 

is often used for products that require enhanced durability, such as electronic 

housings or automotive parts. 

Polyethylene
 

PE 

 
Polyethylene is a versatile thermoplastic material that is widely used in 

thermoforming. It is available in different forms, including high-density 

polyethylene (HDPE) and low-density polyethylene (LDPE). HDPE offers excellent 

impact resistance, rigidity, and chemical resistance, making it suitable for 

applications such as industrial containers, automotive components, and outdoor 

furniture. LDPE, on the other hand, is more flexible and commonly used for 

products like bags, liners, and squeeze bottles. 

Chapter 2: Thermoforming Materials
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Polyethylene 
Terephthalate

 
PET 

 
Polyethylene terephthalate, commonly known as PET, is a versatile and 
widely used thermoplastic polymer that belongs to the polyester family. PET 
is renowned for its exceptional combination of properties, making it suitable 
for a wide range of applications, from packaging materials to textiles and even 
engineering components. Its popularity can be attributed to its clarity, strength, 
and ease of processing. 

Polypropylene
 

PP 

 
Polypropylene is a popular choice for thermoforming due to its excellent balance 
of properties. It offers good chemical resistance, high-temperature resistance, 
and low moisture absorption. PP is commonly used for packaging, automotive 
components, appliances, and medical devices. It can be easily processed using 
both vacuum forming and pressure forming techniques. 

Polyvinyl Chloride
 

PVC 

 
Polyvinyl chloride is another popular material in thermoforming applications. It 
is known for its excellent chemical resistance, flame retardancy, and low cost. 
PVC is available in rigid or flexible forms, making it suitable for a wide range 
of products, including packaging, signage, medical devices, and construction 
materials. However, it is important to note that the use of PVC raises 
environmental concerns due to its chlorine content and potential for releasing 
toxic gases when burned. 

Acrylonitrile 
Butadiene Styrene

 
ABS 

 
ABS is a thermoplastic material that combines the strength and rigidity of 
acrylonitrile and styrene with the impact resistance of butadiene rubber. It offers 
excellent mechanical properties, good heat resistance, and is often chosen for 
applications requiring both structural integrity and impact resistance. ABS is 
commonly used in automotive parts, electronic enclosures, consumer goods, 
and toys. 

Specialty Thermoforming Materials
In addition to the common thermoforming materials mentioned above, there are several specialty materials 
available for specific applications. These materials are designed to meet specific performance requirements 
such as high heat resistance, chemical resistance, or enhanced aesthetics. Some examples include: 
 
	 1. 	 High-Performance Thermoplastics: Specialty thermoforming materials include high-	  
		  performance thermoplastics like Polycarbonate (PC), Polyetherimide (PEI), and  
		  Polyetheretherketone (PEEK). These materials offer exceptional mechanical strength, high  
		  temperature resistance, flame retardancy, and chemical resistance, making them suitable for  
		  aerospace, automotive, and electronics applications.

Chapter 2: Thermoforming Materials
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	 2.	  Conductive and Anti-Static Materials: For applications requiring electrical conductivity or  
		  static dissipation, thermoformers can choose from specialty materials infused with  
		  conductive additives or those specifically designed to eliminate static charge build-up.  
		  These materials are vital for electronic packaging, cleanroom equipment, and sensitive  
		  electronic device protection.

	 3. 	 ESD (Electrostatic Discharge) Materials: ESD materials prevent damage to electronic  
		  components by safely dissipating electrostatic charges. They find use in the manufacturing  
		  of trays, containers, and handling materials for the electronics industry.

	 4. 	 Textured and Decorative Films: Thermoforming can incorporate specialty textured and  
		  decorative films, such as woodgrain, carbon fiber, or metallic finishes. These films add  
		  aesthetic appeal to products and can be found in automotive interiors, consumer electronics,  
		  and interior decor.

	 5. 	 UV-Resistant Materials: Thermoforming materials with UV resistance are crucial for outdoor  
		  applications exposed to sunlight. These materials maintain their color and mechanical  
		  properties over extended periods, making them suitable for automotive exteriors, signage,  
		  and outdoor equipment.

	 6. 	 Bio-Based and Biodegradable Materials: As sustainability becomes increasingly important,  
		  specialty thermoforming materials now include bio-based and biodegradable options  
		  like polylactic acid (PLA) and starch-based materials. These materials offer eco-friendly  
		  alternatives for packaging, disposable products, and single-use items.

	 7. 	 Thermoformable Foam Materials: Thermoformable foam materials, like Polyethylene Foam  
		  and Polyurethane Foam, provide excellent cushioning, shock absorption, and insulation.  
		  They are widely used in protective packaging, automotive interiors, and sporting goods.

	 8. 	 Medical-Grade Materials: For medical and healthcare applications, specialty thermoforming  
		  materials include grades that meet stringent regulatory requirements, ensuring  
		  biocompatibility, sterilizability, and chemical resistance.

Incorporating specialty thermoforming materials expands the range of possibilities for designers and 
manufacturers, allowing them to tailor products to meet specific requirements and industry standards. By 
leveraging the unique properties of these materials, companies can achieve innovative, high-performance, 
and sustainable solutions in various markets, staying ahead in today’s dynamic and competitive 
manufacturing landscape.

Chapter 2: Thermoforming Materials
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Material Selection Considerations
When selecting a thermoforming material, it is crucial to consider various factors to ensure optimal 
performance and suitability for the intended application. Some key considerations include:

Mechanical 
Properties

 
Evaluate the material’s tensile strength, impact resistance, stiffness, and flexibility based on 
the functional requirements of the part. 

Chemical 
Resistance

 
Consider the material’s resistance to chemicals, solvents, and environmental factors it may 
encounter during use. 

Transparency  
and Clarity

 
If transparency is required, consider materials with good optical properties to showcase the 
contents or enhance visibility. 

UV Stability

 
For outdoor applications, select materials that offer UV resistance to prevent degradation and 
discoloration caused by prolonged sun exposure. 

Processability

 
Consider the material’s compatibility with thermoforming processes, including heating, 
forming, and cooling stages. Some materials may require specific heating temperatures or 
cooling rates to achieve optimal results. 

 
Conclusion:
Chapter 2 provides an in-depth understanding of thermoforming materials. It introduces common 
thermoforming materials such as polystyrene, polyvinyl chloride, polyethylene, polypropylene, and 
acrylonitrile butadiene styrene, along with their properties and applications. It also highlights specialty 
thermoforming materials and discusses the key considerations for material selection, including mechanical 
properties, chemical resistance, transparency, UV stability, and processability. This chapter equips readers 
with the knowledge needed to make informed decisions when choosing the appropriate material for their 
thermoforming applications.

Chapter 2: Thermoforming Materials
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1. Pre-Processing Stage
The pre-processing stage sets the foundation for a successful thermoforming process. This section will 
cover essential aspects such as material handling, sheet cleaning, drying, and storage. It will also discuss 
the importance of proper material conditioning to achieve optimal sheet temperature and consistency. 

2. Heating and Softening
Heating the thermoplastic sheet to its forming temperature is a critical step in thermoforming. This part of 
the chapter will explain the different heating methods, including infrared, convection, and radiant heating, 
and their respective advantages and considerations. It will also discuss the importance of achieving uniform 
heating to ensure consistent forming results. 

3. Forming and Cooling
The forming and cooling stages determine the final shape and dimensions of the thermoformed part.  
This section will explore the various forming methods, such as vacuum forming, pressure forming, and  
twin-sheet forming, along with their specific applications and benefits. It will also discuss cooling  
techniques and strategies for achieving efficient and controlled cooling rates to prevent warping or 
dimensional inaccuracies. 

4. Trimming and Finishing
After forming and cooling, the thermoformed parts require trimming and finishing to remove excess material 
and achieve the desired shape and aesthetics. Product trimming is achieved using various methods such 
as: post trim, cut in place, manual trimming, CNC trimming, and waterjet cutting.  Additionally, finishing 
processes such as drilling, punching, and surface treatments like painting, printing, or texturing may be 
used once the trimming stage is complete.

Chapter 3: The Thermoforming Process
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Introduction to Thermoforming Machines
Thermoforming machines are specialized equipment used in the thermoforming process to heat, form, 
and cool thermoplastic materials into the desired shape. These machines play a crucial role in achieving 
accurate and efficient production of thermoformed parts. There are various types of thermoforming 
machines available, each designed for specific applications and production requirements.

Types of Thermoforming Machines 

Post-Trim Thermoforming Machines 
Post-trim thermoforming machines, or inline thermoforming machines, are a specific type of thermoforming 
system that provides the forming and trimming operations in two separate machines.  The process and 
system provide the user with increased flexibility to run various product profiles and material types and are 
suitable for both small and high-volume applications.

Trim-In-Place Thermoforming Machines 
Trim–In-Place Thermoforming machines are a specific type of process that performs the forming and 
trimming operations in the same station. These machines require a lesser footprint and are typically used 
for smaller to medium volume applications and applications that require very precise trim concentricity.

Form/Cut/Stack Machines 
Form/Cut/Stack thermoforming machines, also known as form-cut-stack or form-cut-stack-trim machines, 
are a type of thermoforming equipment commonly used in the manufacturing of disposable plastic  
products like deli containers, takeout containers, food packaging, medical devices and lids. These  
machines provide an integrated and automated process that includes forming, cutting, and stacking  
the thermoformed products.

Contact Heat Machines 
Contact heat thermoforming machines, also known as platen thermoforming machines, are a type of 
thermoforming equipment that uses direct contact with heated platens to shape thermoplastic materials 
into various products and are typically used for small to medium volume applications. These machines 
require very little enginery consumption and require a very small footprint.

Vacuum Forming Machines 
Vacuum forming machines are the most commonly used type of thermoforming machine. They utilize the 
vacuum forming process, which involves using atmospheric pressure to shape the heated thermoplastic 
sheet around a mold or forming tool. Vacuum is applied to the mold side of the sheet, pulling the material 

Chapter 4: Thermoforming Machines



Thermoformed Product Design              onebmg.com 17

into the desired areas and profiles. This process is suitable for producing large, shallow parts with simple 
geometries, such as trays, disposable packaging, and automotive interior components.

Pressure Forming Machines 
Pressure forming machines, also known as pressure-assist or plug-assist thermoforming machines, are 
similar to vacuum forming machines but incorporate additional pressure to improve material distribution 
and mold detail definition. In pressure forming, a plug or pressure box is used to push the heated sheet 
into the mold cavity while applying air pressure to ensure uniform distribution of the material. This process 
allows the production of parts with more intricate details, sharper corners, and complex geometries. 
Pressure forming is commonly used for automotive, aerospace, and high-quality packaging applications.

Twin-Sheet Forming Machines 
Twin-sheet forming machines enable the production of thermoformed parts with two separate sheets, which 
are formed and joined together during the process. This technique creates hollow parts with a double-
walled structure, providing enhanced strength, insulation, and design possibilities. Twin-sheet forming is 
often used in industries such as automotive (for interior components like dashboards), transportation (for 
fuel tanks), and material handling (for containers and pallets).

Rotary Thermoforming Machines 
Rotary thermoforming machines feature a rotating carousel that allows for continuous production and 
higher throughput. The machine indexes the pre-cut sheet of plastic from one station to another, allowing 
for simultaneous heating, forming, and cooling operations. This configuration is advantageous for high-
volume production of medium to large-sized parts with a heavier sheet gauge. Rotary thermoforming 
machines are commonly used in industries such as medical devices, agriculture, automotive and aerospace 
components, and hot tubs.

Machine Components and Operation

Thermoforming machines consist of several key components that work together to execute the 
thermoforming process. These components include:

Heating System: The heating system is responsible for heating the thermoplastic sheet to the appropriate 
forming temperature. Common heating methods include infrared heaters, quartz heaters, or radiant 
heaters. The heating system must provide uniform and controlled heating to ensure consistent material 
properties across the sheet.

Chapter 4: Thermoforming Machines
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Forming Station: The forming station is where the heated sheet is brought into contact with the mold or 
forming tool to shape it into the desired geometry. Vacuum, pressure, or a combination of both is applied to 
facilitate the forming process of the product. The forming station may also include additional features such 
as plug-assist mechanisms or plug cooling systems for pressure forming applications.

Cooling System: After forming, the part needs to be cooled to solidify and retain its shape. The cooling 
system typically involves the use of cooling fans, chilled air, or water cooling to accelerate the cooling 
process and improve cycle times and is done either in the mold or in a separate cooling station.

Trimming Station: Once the part has cooled, excess material or flash is trimmed off to achieve the final 
shape and remove any unwanted edges. Trimming can be done within a form or trim station, an auxiliary 
trim press, manually or using automated trimming equipment such as routers, water jets, saws, or lasers.

Control System: Thermoforming machines are equipped with a control system that manages and monitors 
the various parameters of the thermoforming process, including recipe creation and storage, heating 
temperature, forming pressure, cooling time, and cycle times. The control system ensures consistent and 
repeatable production and allows for adjustments to optimize the process parameters.

Machine Selection Considerations

Selecting the right thermoforming machine for a specific application requires careful consideration of 
various factors. Some important considerations include:

Material Thickness

 
Selecting the right thermoforming machine based on material thickness is crucial to ensure 
efficient and successful manufacturing. The appropriate machine will be capable of handling 
the specific thickness of thermoplastic material required for your desired products. 

Production Volume

 
Evaluate the anticipated production volume to determine the appropriate machine size and 
capacity. High-volume production may require a rotary or inline machine, while low-volume or 
prototype production may be suitable for smaller machines. 

Part Size and 
Complexity

 
Consider the size, shape, and complexity of the parts to be produced. Larger parts may 
require machines with larger forming areas, while complex geometries and depth of draw may 
necessitate machines with plug-assist and/or pressure forming capabilities. 

Chapter 4: Thermoforming Machines
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Material 
Compatibility

 
Ensure that the machine is compatible with the thermoplastic materials to be processed. 
Consider the heating system, cooling capabilities, and forming methods supported by the 
machine to match the requirements of the selected materials. 

Automation 
and Auxiliary 
Equipment

 
Evaluate the need for automation and auxiliary equipment such as robotic part handling, 
trimming systems, material handling systems, or inline quality inspection systems. These 
additional features can enhance production efficiency, part quality, safety and increase your 
return on investment. 

Safety and 
Operator 
Considerations

 
Consider safety features, ease of operation, and ergonomic considerations for machine 
setup, mold changes, and maintenance. Ensure that the machine meets the necessary safety 
standards and provides user-friendly controls. 

Conclusion:

Chapter 4 provides an in-depth understanding of thermoforming machines, including vacuum forming 
machines, pressure forming machines, twin-sheet forming machines, and rotary thermoforming machines. 
It explains the operation and components of thermoforming machines, such as the heating system, forming 
station, cooling system, trimming station, and control system. The chapter also discusses important 
factors to consider when selecting a thermoforming machine, including production volume, part size and 
complexity, material compatibility, and the need for automation and auxiliary equipment. This chapter 
equips readers with the knowledge necessary to make informed decisions when choosing the appropriate 
thermoforming machine for their specific applications and production requirements.

Chapter 4: Thermoforming Machines
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Introduction to Thermoforming Tooling

Thermoforming tooling refers to the molds, dies, and related components used in the thermoforming 
process to shape the heated thermoplastic material into the desired form. The tooling plays a crucial role 
in determining the accuracy, quality, and efficiency of the thermoformed parts. Proper design, construction, 
and maintenance of tooling are essential for achieving consistent and reliable production.

Types of Thermoforming Tooling

Form Tooling 
Most conventional form tools consist of a Mold Base Assembly which contains either female or male 
forming cavities and a Pressure Box Assembly. The determination of male or female forming cavities is 
dependent on the product geometry, in either case the forming cavities are typically contact or direct water 
cooled and contain vacuum holes to help assist in pulling material into desired areas of the product. The 
Pressure Box Assembly will be positioned opposite of the Mold Base Assembly and will incorporate plug 
assists which are actuated by a 3rd motion or platen driven to help assist the heated thermoplastic into or 
over the forming cavities and will typically include blow form pressure. Other Pressure Box Assemblies may 
not include plug assists and will be a hollow box with blow form only, this is typically used for shallow  
draw products. .

Trim Tooling  
Trim tool can be considered match metal or steel rule. Match metal trim is typically used for post trim 
application and is a precise method of trimming that involves a precision punch and die that trims the 
product out of the web, once the product is trimmed the product is then positioned through the die set 
onto a pack table or into automation. Steel Rule or High Die trimming is typically used in a Form Cut Stack 
process and is a steel rule or high die that strikes against a hardened plate that trims the product however 
has knicks which are designed into the trim profile which allows the product to stay in the web to be 
indexed into the stacker tooling. 

Twin-Sheet Tooling 
Twin-sheet tooling is designed for producing thermoformed parts with a double-walled structure. It consists 
of two sets of male/female molds, one for each sheet, that are used to shape the two thermoplastic sheets 
simultaneously. The two sheets are heated and formed, and then joined together to create a hollow part 
with improved strength, insulation, and design possibilities.

Chapter 5: Thermoforming Tooling
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Tooling Design and Construction

Mold Design 
Mold design is a critical aspect of thermoforming tooling. The design should consider factors such as part 
geometry, material flow, draft angles, wall thickness, undercuts, and demolding considerations. Proper mold 
design ensures that the formed parts meet dimensional requirements, have consistent wall thickness, and 
can be easily removed from the molds.

Computer-Aided Design (CAD) software is often used to design thermoforming molds, allowing for precise 
control over part geometry and mold features. Mold design should also take into account considerations for 
material stretching, material sag, and material shrinkage during cooling to ensure accurate final dimensions.

Mold Construction 
Thermoforming molds are typically constructed from aluminum, steel, or composite materials. Aluminum 
molds are commonly used in the thermoforming process for low to high volume  production volumes, 
while steel molds or mold components are preferred for durability and longevity for critical or complicated 
geometry. . Composite molds, such as epoxy or fiberglass molds, offer cost-effective alternatives for rapid 
prototyping or low-volume production.

The construction process typically involves CNC machining  to create the mold cavity based on the mold 
design and geometry. The molds may also incorporate features such as vacuum channels or vacuum holes, 
cooling channels or inserts for texture or branding. The construction of the tooling should be precise, 
ensuring that the mold surfaces are smooth, free of imperfections, and properly aligned.

Tooling Maintenance and Repair

Proper maintenance and periodic inspection of thermoforming tooling are essential to ensure optimal 
performance and longevity. Regular cleaning and lubrication of the molds help prevent material buildup, 
reduce wear, and extend the tooling’s lifespan. Additionally, monitoring and addressing any signs of wear, 
damage, or misalignment are crucial to avoid production issues and maintain part quality.

Tooling repair may be necessary in cases of minor damage or wear. This can involve surface refinishing, 
re-machining of damaged areas, or replacement of specific mold components. For major repairs or 
modifications, it may be necessary to work with specialized tooling manufacturers or service providers.
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Conclusion:

Chapter 5 provides a comprehensive understanding of thermoforming tooling, including male/female 
tooling, plug-assist tooling, and twin-sheet tooling. It explains the importance of proper tooling design, 
construction, and maintenance in achieving accurate and high-quality thermoformed parts. The chapter 
discusses considerations for mold design, material selection, and construction techniques. It also 
emphasizes the significance of regular maintenance and repair to ensure optimal performance and 
longevity of the tooling. This chapter equips readers with the knowledge necessary to make  
informed decisions when designing, constructing, and maintaining thermoforming tooling for their  
specific applications.
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Introduction to Troubleshooting in Thermoforming

Thermoforming, like any manufacturing process, can encounter various challenges and issues that affect 
the quality and efficiency of the production. Troubleshooting is the process of identifying and resolving 
these issues to ensure smooth operation and consistent production of high-quality thermoformed parts. 
This chapter will explore common troubleshooting areas in thermoforming and provide guidance on 
identifying and addressing them effectively.

Common Thermoforming Issues and Solutions

Poor Material Distribution 
Issue: Inconsistent material distribution across the part, resulting in variations in wall thickness or 
inadequate material coverage in certain areas.

Possible Causes and Solutions: 
	 •	 Insufficient vacuum or pressure: Ensure that the vacuum or pressure levels are appropriate  
		  for the material and part geometry. Adjusting the vacuum strength or pressure assist can  
		  improve material distribution.

	 •	 Improper heating: Inadequate or uneven heating can lead to poor material flow. Ensure that  
		  the heating system is functioning properly, and that the temperature is evenly distributed  
		  across the sheet.

	 •	 Incorrect mold design: Evaluate the mold design for features that may impede material flow,  
		  such as sharp corners or complex geometries. Adjusting the mold design or using plug-assist  
		  tooling can aid in achieving better material distribution.

Part Distortion or Warping 
Issue: Thermoformed parts exhibit distortion or warping, deviating from the intended shape or dimensions.

Possible Causes and Solutions: 
	 •	 Insufficient cooling: Inspect the cooling system and ensure that the cooling time is adequate  
		  for the material thickness and part complexity. Increase cooling time or adjust cooling  
		  methods to promote uniform cooling.

	 •	 Improper material temperature: Incorrect material temperature during forming can lead to  
		  part distortion. Ensure that the heating system is accurately controlling the material  
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		  temperature and adjust if necessary.

	 •	 Mold misalignment: Check for any misalignment between the male and female molds.  
		  Misalignment can result in uneven material distribution and lead to part distortion. Realign  
		  the molds or replace worn components if needed.

Excessive Part Flash or Trim Waste 
Issue: Excessive flash or trim waste around the edges of thermoformed parts, leading to material wastage 
and increased production costs.

Possible Causes and Solutions: 
	 •	 Insufficient clamping force: Inadequate clamping force can cause material to extrude into  
		  the mold gaps, resulting in excess flash. Ensure that the clamping force is sufficient to hold  
		  the material securely in place during forming.

	 •	 Improper mold design: Evaluate the mold design for features that may promote flash  
		  formation, such as sharp edges or tight clearances. Adjust the mold design to minimize the  
		  formation of flash or consider incorporating trimming aids.

	 •	 Improper index figures used to index the formed web into the trim station: Adjust the index  
		  length accordingly to correct trim concentricity in the sheet flow direction.

	 •	 Incorrect sheet thickness: thicker sheets can result in more flash formation. Ensure that the  
		  selected sheet thickness is appropriate for the part and consider using thinner sheets if possible.

Surface Imperfections 
Issue: Thermoformed parts exhibit surface imperfections such as scratches, blemishes, or inconsistent 
texture.

Possible Causes and Solutions: 
	 •	 Contaminated molds or sheets: Clean the molds thoroughly to remove any contaminants  
		  that may transfer to the parts. Ensure that the sheets used for thermoforming are clean and  
		  free from contaminants.

	 •	 Inadequate mold release agent: Apply an appropriate mold release agent to facilitate part  
		  release from the mold surface. Ensure that the release agent is evenly applied and reapplied  
		  as necessary.

	 •	 Improper sheet handling: Handle the sheets with care to avoid introducing scratches or  
		  blemishes. Implement proper sheet storage and handling procedures to minimize surface damage.
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	 •	 Improper plug assist material or shape: The material choice for plug assists are dependent  
		  on the plastic resin type as well as the profile and shape of the plug, consult with your tool  
		  maker or plug assist material supplier to select the proper grade of plug material. 

Troubleshooting Techniques

Effective troubleshooting requires a systematic approach to identify and resolve issues. Consider the 
following techniques when troubleshooting thermoforming problems:

	 •	 Analyze process parameters: Evaluate the process parameters such as heating temperature,  
		  forming time, cooling time, and vacuum/pressure levels. Identify any deviations from the  
		  recommended settings and adjust as necessary.

	 •	 Conduct material analysis: Examine the material properties and characteristics to ensure  
		  they are suitable for the application. Consider factors such as material melt flow index,  
		  impact resistance, or shrinkage behavior.

	 •	 Perform tooling inspection: Regularly inspect the tooling for wear, damage, or misalignment.  
		  Address any issues promptly through repair or replacement of tooling components.

	 •	 Keep records: Maintain thorough records of process parameters, material  
		  specifications, and tooling maintenance. This documentation can aid in identifying  
		  patterns and recurring issues, allowing for proactive troubleshooting and prevention  
		  of future problems.

Conclusion:

Chapter 5 provides valuable insights into the troubleshooting process in thermoforming. It highlights common 
issues that can arise during thermoforming, including poor material distribution, part distortion, excessive flash 
or trim waste, and surface imperfections. The chapter offers possible causes and solutions for each problem, 
guiding readers on how to identify and address these issues effectively. Additionally, it emphasizes the importance 
of analyzing process parameters, conducting material analysis, performing tooling inspection, and maintaining 
detailed records to facilitate efficient troubleshooting. Armed with the knowledge and techniques presented in this 
chapter, readers will be well-equipped to troubleshoot and resolve challenges that may arise in their thermoforming 
operations, ensuring smooth production and consistent production of high-quality thermoformed parts.
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In-Mold Texturing

In-mold texturing is a technique used to create textured or patterned surfaces directly on thermoformed 
parts. This section will delve into the in-mold texturing process, including the use of textured molds, texture 
design considerations, and the advantages of incorporating textures in thermoformed parts. It will also 
discuss the challenges and best practices for achieving consistent and high-quality textured finishes.

Hybrid Thermoforming

Hybrid thermoforming combines thermoforming with other manufacturing processes, such as injection 
molding or blow molding, to create complex parts with enhanced functionality. This part of the chapter will 
explore the principles of hybrid thermoforming, the integration of different processes, and the benefits 
of using this approach. It will also discuss considerations for material compatibility, tooling design, and 
process optimization in hybrid thermoforming.

Pressure Forming with Inserts

Pressure forming with inserts allows for the integration of pre-formed inserts or components into 
thermoformed parts, adding functionality or enhancing aesthetics. This section will explain the process of 
pressure forming with inserts, including insert selection, mold design considerations, and the steps involved 
in achieving successful integration. It will also discuss the benefits, limitations, and applications of pressure 
forming with inserts.

Inline Trimming and Stacking

Inline trimming and stacking refer to the integration of trimming processes and stacking operations within 
the thermoforming line, streamlining production, and increasing efficiency. This part of the chapter will 
explore the equipment and techniques involved in inline trimming and stacking, including inline trimming 
tools, conveyor systems, and automation solutions. It will discuss the advantages of this approach, such 
as reduced handling and improved production rates, along with considerations for implementing inline 
trimming and stacking in thermoforming operations.
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Dimensional Checks and Tolerance Control

Achieving dimensional accuracy is crucial in thermoforming to ensure parts meet the required 
specifications. This section will discuss the importance of dimensional checks and tolerance control 
during the thermoforming process. It will explore measurement techniques, such as coordinate measuring 
machines (CMM) or laser scanning and provide guidance on setting and maintaining appropriate tolerances 
for thermoformed parts.

Material Thickness Uniformity

Uniform material thickness is essential for consistent part quality and performance. This part of the chapter 
will cover the challenges associated with material thickness variations in thermoforming and explore 
strategies to achieve uniformity. It will discuss the importance of sheet heating and forming parameters, the 
use of gauge control systems, and the implementation of online thickness measurement devices.

Cycle Time Optimization

Efficient cycle times contribute to increased productivity and reduced costs in thermoforming. This section 
will delve into strategies for optimizing cycle times, including heating and cooling techniques, forming 
speed, and trimming processes. It will explore the impact of different variables on cycle times and provide 
recommendations for achieving efficient production rates without compromising part quality.

Defect Analysis and Prevention

Identifying and preventing defects in thermoformed parts is essential for maintaining high-quality 
production. This part of the chapter will discuss common defects encountered in thermoforming, such as air 
entrapment, webbing, or sink marks. It will explore the root causes of these defects and provide strategies 
for defect analysis, prevention, and corrective actions to ensure consistent and defect-free parts.
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Machine Operation Safety

Thermoforming machines involve various hazards, and ensuring operator safety is paramount. This section 
will discuss the importance of machine operation safety protocols, including machine guarding, lockout/
tagout procedures, and operator training. It will also cover safety considerations specific to different types 
of thermoforming machines, such as vacuum forming or pressure forming machines.

Material Handling and Storage

Safe handling and storage of thermoplastic materials are crucial to prevent injuries and material damage. 
This part of the chapter will provide guidelines for proper material handling techniques, including lifting, 
transporting, and storing plastic sheets. It will cover topics such as load capacity, stacking height limits, and 
the use of appropriate equipment, such as forklifts or pallet jacks.

Personal Protective Equipment (PPE)

Personal protective equipment is essential for ensuring the safety of workers in thermoforming operations. 
This section will discuss the PPE requirements for thermoforming processes, including eye protection, 
gloves, aprons, and respiratory protection. It will provide guidance on selecting the appropriate PPE based 
on the specific hazards involved and complying with relevant safety regulations.

Emergency Procedures

Preparing for and responding to emergencies is vital to safeguard employees and minimize potential 
damages. This part of the chapter will outline essential emergency procedures for thermoforming 
operations, including fire safety protocols, evacuation plans, and first aid measures. It will also emphasize 
the importance of conducting regular drills and training sessions to ensure readiness in  
emergency situations.
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Automation and Robotics

This section will explore the increasing role of automation and robotics in plastic thermoforming. It will 
discuss the benefits of automation in terms of increased efficiency, reduced labor costs, and improved 
quality control. The chapter will also delve into the use of robotics for tasks such as material handling, 
trimming, and part inspection, and highlight emerging technologies in this field.

Sustainable Material Innovations

With a growing emphasis on sustainability, this part of the chapter will explore the advancements in 
sustainable material innovations for plastic thermoforming. It will discuss biodegradable materials, 
bio-based polymers, and recycled plastics, highlighting their potential benefits and challenges in 
thermoforming applications. It will also touch upon emerging trends such as the use of plant-based or 
ocean plastic materials.

Digitalization and Data Analytics

Digitalization and data analytics are transforming manufacturing processes, including plastic 
thermoforming. This section will discuss the role of digitalization in areas such as process monitoring, 
machine control, and quality assurance. It will explore the use of data analytics for performance 
optimization, predictive maintenance, and real-time decision-making. The chapter will also touch upon 
concepts like the Industrial Internet of Things (IIoT) and artificial intelligence in thermoforming operations.

Conclusion

The conclusion chapter will summarize the key points covered in the e-book, highlighting the fundamentals 
of plastic thermoforming, including materials, machines, tooling, and troubleshooting techniques. It will 
emphasize the importance of considering environmental sustainability, safety, and quality control in 
thermoforming operations. Furthermore, it will discuss the future trends and advancements in the field, 
encouraging readers to stay updated with the evolving technologies and practices in plastic thermoforming.
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