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Fibre-based materials is a material group that contains many varied materials and is widely 

used in packaging and printing industry with the various packaging types. The aim of this 

thesis is to summarize different three-dimensional forming methods and equipment of 

fibre-based materials in China, which include the principle of the method, the forming 

process of the method, which material or materials are suitable for the method, the research 

status of the method, the comparison of different methods, and the existing problems of the 

method. The summary and analysis of the literatures and company information are the 

main research methods used in this thesis. 

 

Pulp molding is an easy method to form pulp molding products with various shapes such 

as plate, tray and cushioning pad. Thermoforming (form-fill-seal) is a fast-growing 

forming method and widely used with plastic-coated paper for the manufacturing of 

pouches. Folding and gluing is the most common forming method and suitable for various 

fibre-based materials to form different packaging types like cartons, bags and boxes. Paper 

cups forming method is mainly for the forming of paper cups and similar structured 

containers. Die cutting is also mentioned and the digital die cutting and laser die cutting 

would have an improvement in the future. There is still a great gap for packaging 

machinery in China comparing with advanced countries and regions like Germany and the 

United States. Although the equipment manufactured by China is economical, the 

automation level, flexibility, production efficiency and low energy consumption of the 

packaging equipment need to be improved to promote the market competitiveness. 
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1 INTRODUCTION 

 

 

In recent years, environmental issues in the manufacturing industry are valued increasingly, 

and it also includes the packaging industry. For example, the demands for material 

properties such as sustainability and recyclability have been increasing in the packaging 

industry. Plastics and polymer composites with better barrier properties are easier forming 

to three-dimensional (3D) packaging containers compared with fibre-based materials. 

However, the material group of fibre-based materials is also widely used in packaging 

industry because of its excellent properties like recyclability, biodegradability, good 

printability, and renewability. (Vishtal & Retulainen 2012, p. 4424.) Different fibre-based 

materials can be formed into various packaging types through different 3D forming 

methods and converting equipment. In the thesis, the methods and equipment of 3D 

forming for fibre-based materials are introduced. 

 

1.1 Research background 

Packaging is a very important part for almost any product during process of commodity 

circulation. The basic functions of packaging are to contain and protect packed products 

and easy to transport. It is also a mean to promote products through showing convenient, 

presentative, and communicative about the brand to consumers. Modern packaging 

technology is a cross sectoral comprehensive technical field and a complete industrial 

system that is related to the materials, electrical and mechanical, chemical, printing and 

computer technology. 

 

The global packaging market is growing steadily and at the end of 2016 is expected to be 

almost 820 billion dollars (Plastics 2015). The figure 1 shows the percentage of different 

packaging materials consumption. It is clear that the paper is widely used among the four 

basic packaging materials of paper, plastics, metals, and glass. Paper is widely used in the 

packaging types of folding cartons, composite cans, corrugated board boxes, bags, pouches, 

wrappings, cups, and trays for almost all kinds of products. These packaging types are used 

for not only in consumer packaging but also in distribution packaging. (Rhim 2010, p. 243.)  
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Figure 1. Different packaging materials consumption. Board and plastic account for a 

considerable proportion. (Plastics 2015.) 

 

Sustainability is to meet the needs of the current growth, rather than robbing the offspring 

of the raw materials or environmental quality which they will need to meet their needs. 

Environmental friendly packaging often conflicts with the traditional and basic functions 

of packaging, and demands of consumers. It is an essential part of future business to solve 

the confliction in the packaging industry. Smithers Pira, which is the global authority on 

the packaging, paper and printing industry supply chains, has published a study that 

discusses the conflict between convenience and environment, and the sustainable 

packaging market. The main purposes of the study are to understand this important trend of 

sustainability and its impact. (Smithers Pira 2011.) The figure 2 shows the results of the 

study. It is clear that new packaging designs using eco-friendly materials and processes or 

converting technologies are the two important factors for sustainability.  
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Figure 2. The results of impact of mega-trends on sustainable consumer packaging 

(Smithers Pira 2011). 

 

1.2 Research problem 

Based on the trend of sustainable packaging, many researchers have studied a lot about 

environmentally friendly materials. Thiedmann et al. (2011, p. 7745) described the 3D 

morphology of the pore space for fibre-based materials and has the form of the materials is 

a random geometric graph. Zuhri, Guan & Cantwell (2014, p. 1) studied the mechanical 

properties of natural fibre-based “honeycomb core materials based on co-mingled flax 

fibre reinforced polypropylene (PP) and polylactide (PLA) polymers”. Medri et al. (2014, 

p. 10131) gave details about alkali inorganic binders for the process of fibre-based foams 

and described the features and applications of the fibre-based foams. Ramesh (2016, p. 1) 

introduced the process and properties of kenaf fibre-based bio-materials and the function 

and impacts of the kenaf fibres for the final products. Islam, Beg & Mina (2014, p. 1887) 

described different treatment methods for the fibre surface modifications to change or 

enhance the properties of the natural fibre-based bio-composites. 

 

From the previous research, it is common that most of the articles are about the properties, 

manufacturing process and treatments, and applications of the fibre-based materials. 

However, there is little systematic and comprehensive research about 3D forming of the 

fibre-based materials in China. In recent years, the consumption of packaging products 

with fibre-based materials has increased a lot in China. The research status and existing 
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problems of the 3D forming methods and equipment for fibre-based materials can provide 

the basis and direction for the research and improvement in the future. So, the thesis 

summarizes different 3D forming methods and equipment in China for different fibre-

based materials based on previous research and company information. Due to the limited 

literatures in this research area, the final content of the thesis may be not very complete. 

 

1.3 Research questions 

Fibre-based materials is a material group used for the packaging industry. It is widely used 

in different packaging types like folding cartons, composite cans, corrugated board boxes, 

bags, pouches, wrappings, cups, and trays for almost all kinds of products. How does these 

different packaging types are manufactured and what kind of 3D forming methods and 

equipment are used? The thesis is focused on these questions to introduce different 3D 

forming methods and equipment. It includes the principle of the method, the forming 

process of the method, which material or materials are suitable for the method, its 

advantages and disadvantages, the research status of the method, the comparison of 

different methods, and the existing problems of the method. 

 

1.4 Research methods 

The summary and analysis of the literatures are the main research methods used in this 

thesis. Through the reading and analysis, getting integration of various 3D forming 

methods and equipment, as well as the diverse types of fibre-based materials used in these 

methods. A comparative approach is used to clarify the advantages and disadvantages of 

different 3D forming methods, and the trends and characteristics of the packaging machine 

with advanced level.  

 

1.5 Framing 

The outline of the thesis is as following. 

- Chapter 2 introduces the trends of packaging materials and fibre-based materials 

that mainly used for packaging and printing industry. 

- Chapter 3 is literatures review about the different 3D forming methods and 

equipment for fibre-based materials. It contains the principle and explanation of the 

method, the processes of the method, the equipment used for the method, the 
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applications of the method, the research status of the method, and the existing 

problems of the method. 

- Chapter 4 presents the results and discussion like the key findings and further 

research in the future. 

- Chapter 5 presents the conclusions of the thesis. 

 

1.6 Contribution of the thesis 

The thesis gives a relatively comprehensive summary about the 3D forming methods and 

equipment for fibre-based materials. The principle and explanation of the method, the 

processes of the method, the equipment used for the method, the application of the method, 

the research status of the method, the comparison of different methods, and the existing 

problems of the method are shown to readers. It gives readers an explanation of the 

different 3D forming methods and equipment and some instructions about how to select 

3D forming methods based on different fibre-based materials. Some advanced technologies 

are introduced and the existing problems of the different methods are mentioned to provide 

the basis and direction for the research and improvement in the future. 
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2 FIBRE-BASED MATERIALS 

 

 

Fibre-based materials is a material group that contains many varied materials such as paper, 

paperboard, pulp molded material, corrugated board and fibre-based composites. It is 

widely used for many industries especially for printing and packaging industry because of 

its desirable properties like recyclability, biodegradability, good printability and 

renewability. The raw materials of different packaging types like folding cartons, 

composite cans, corrugated board boxes, bags, pouches, wrappings, cups, and trays are 

almost fibre-based materials. In this chapter, fibre-based materials used for printing and 

packaging industry is described. 

 

2.1 The trends of packaging materials 

More and more regulations are affecting the packaging materials and packaging types 

because of the requirements of consumer as well as environmental issues. Therefore, the 

recyclability and sustainability of packaging materials have become increasingly important 

in almost all regions. Based on this trends and background, fibre-based materials are an 

alternative material group that is suitable for recyclability and sustainability. 

 

Fibre-based materials such as paper, kraft paper, paperboard, pulp molded material and 

corrugated board is more competitive especially in the sale packaging and transport 

packaging. The value of fibre-based materials is the largest material, but the volume or 

quantity of plastic products is the largest. As a result, flexible and rigid plastic packaging 

materials are the main competitors for fibre-based materials while the competition of the 

metal and glass have lost their market share. However, one product can be packaged with 

different packaging materials and forms. For example, cereals and biscuits can be 

packaged into folding cartons as well as flexible packaging. Manufacturers have a 

significant impact on this, because they make the final decision for their products 

packaging based on which segment, the consumer or the region that their products aim at. 

(Paper Industry World 2015.) The figure 3 shows the competitive relationship of the 

packaging materials. All in all, the global packaging industry is expected to continue to 

demonstrate strongly growth in fibre-based materials, despite the non-fibre materials is 

potential. 
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Figure 3. The competitive relationship of the packaging materials (Paper Industry World 

2015). 

 

The development of containerboard and corrugated board packaging is mainly driven by 

the growth of the world economy, industrial production as well as merchandise trade. The 

global market of containerboard in 2013 is about 150 million tons, which is 2.5 times the 

level of 1990. During this period, two drastic changes have taken place. One is the share of 

emerging markets has grown from 25% to 60%, with most of the growth occurring in 

China and other Asian Pacific countries. Another remarkable change is the rapid 

development of fibre-based linerboards and mediums, which now represent 70% of the all 

demand, compared to only 40% in 1990. The forecast is that global consumption in this 

area will be increased and would then reach 210 million tons by 2030. (Paper Industry 

World 2015.) The figure 4 shows the trend in detail. 
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Figure 4. The trend of global containerboard markets (Paper Industry World 2015). 

 

The global carton paperboard markets are promising as well by the drivers of food 

packaging like fast food segment and liquid packaging. The global market in 2013 is 

around 45 million tons and is expected to reach 65 million tons by 2030, shown in the 

figure 5. Folding cartons as the sale packaging are widely used for many products such as 

pharmaceuticals, cosmetics and other products. Furthermore, all food service applications 

like paper cups, plates and trays are still rapidly growing because fast-food chains are 

booming in all the global markets. (Paper Industry World 2015.) 

 

 

Figure 5. The trend of global carton paperboard markets (Paper Industry World 2015). 
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All in all, the prospect the fibre-based materials looks rather good. The growing demand 

for corrugated board, carton paperboard, paper and pulp molding materials remains strong 

and has established many end-use markets. However, the competition should not be 

ignored. So, it is important that researching more alternative fibre-based materials with 

excellent properties and adopting more advanced 3D forming method and equipment with 

high efficiency and quality. 

 

2.2 The common fibre-based materials  

Fibre-based materials is a material group that contains many varied materials such as paper, 

paperboard, pulp molded material, corrugated board and fibre-based composites. It is 

widely used for many industries especially for printing and packaging industry. The 

commonly used fibre-based materials are described in the following. 

 

General paper used for packaging materials should have the properties of high strength, 

low moisture content, small permeability, no corrosive substances and good printing 

performance to ensure the function and quality of the packaging products. The commonly 

used contains white cardboard, common food wrapping paper, kraft paper and plastic-

coated paper. 

 

The main purpose of the paperboard is to make packaging containers and cushion lining 

material. White paperboard is commonly used for the consumer packaging that needs good 

appearance, while corrugated containerboard is commonly used for transport packaging 

because of its properties of strength, stiffness, and readily printable surface. These two 

kinds of paperboard are the most common fibre-based materials used for packaging 

industry. 

 

Pulp molding material with good cushioning feature, flexibility and plasticity is different 

from the paper and paperboard as it can be directly formed 3D pulp molding products 

without the two-dimensional (2D) process. It is widely used as the cushioning packaging to 

protect and decorate the commodities. The raw materials for pulp molding products 

include old newspapers, mixed papers (office papers, magazines, phone books), pre-

consumer recovered fibre and virgin fibre. 
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2.3 The sustainability and recyclability of fibre-based materials 

The life cycle phases of packaging are shown in the figure 6. It includes materials 

extraction, production processes, transport distances, use, and end-of-life scenarios. It is 

also suitable for the fibre-based materials. The probable end-of-life scenarios for fibre-

based materials include reuse, recycling, composting, landfilling, incineration, and litter.  

 

 

Figure 6. The life cycle phases of packaging (Tim Hortons 2014). 

 

About the reuse, the possibility of reuse depends on the application of the fibre-based 

materials. For example, folding heavy corrugated boxes can be reused several times. A few 

big companies like Frito Lay that use corrugated box products as a cost reduction measure 

for delivery to retail outlets to achieve reuse program. About the recycling, the fibre-based 

materials are highly recyclable materials. For example, these used materials can be as the 

raw materials for pulp molding materials. About the composting, the fibre-based materials 

will readily decompose in both industrial and backyard composting systems. About 

landfilling, incineration and litter, these ways represent the loss of highly recyclable 

material and waste of energy. (Tim Hortons 2014.) 
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3 LITERATURE REVIEW 

 

 

The fibre-based materials as 2D packaging materials need several process steps to convert 

into the final packaging containers. The most crucial step is 3D forming. Different fibre-

based materials can be formed into different packaging types through different 3D forming 

methods and converting equipment. In this chapter, several 3D forming methods and 

equipment are described based on the previous research and company information. 

 

3.1 Pulp molding 

Pulp molding products with good cushioning feature, flexibility and plasticity that are 

manufactured by pulp molding. It is widely used as the cushioning packaging to protect 

and decorate the commodities. The application fields contain electronic, mechanical, 

industrial instrumentation, home appliances, glass, ceramics and food. In recent years, 

under the background of the developed countries in Europe and the United States have 

been required to adopt green packaging materials or recyclable packaging materials, pulp 

molding products have received wide attention. The application of pulp molding materials 

make the amount of non-biodegradable packaging materials is greatly reduced. Whether it 

is from the perspective of environmental protection or from the perspective of sustainable 

development, the pulp molding products have important practical significance for the 

society. The pulp molding is described in detail as the following. 

 

3.1.1 The principle of pulp molding 

Pulp molding is a kind of three-dimensional papermaking technology which contains 

processes of the selection and preparation of pulp, forming technology, drying, and 

reshaping and trimming. There are two main processes for the pulp molding. One is the dry 

type and another one is wet type. The figure 7 and figure 8 show the production process of 

dry type and wet type respectively. 
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Figure 7. Production process of dry type (Greituva 2017). 

 

 

Figure 8. Production process of wet type (Greituva 2017). 

 

There are some differences between the two processes for the pulp molding. The pulp 

molding products manufactured by dry type are dried inside the mold after forming at the 

pulp mold machine. Therefore, products manufactured by dry type have accurate size and 

smooth appearance. However, the pulp molding products manufactured by wet type are 

fallen on a conveyor and transferred into dry line after forming at the pulp molding 

machine, and then the product is completed while passing through the drying path. For 

products manufactured by wet type, the size is not accurate and appearance is rough. 

(Greituva 2017.) 
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3.1.2 The process of forming pulp molding products 

The process of pulp molding mainly includes the selection and preparation of pulp, 

forming technology, drying and reshaping and trimming. Each step is important for pulp 

molding and can influence the quality of the final products. The detailed information about 

the processes are as following. 

 

Phase 1 is pulping stage. It includes pulp refining and pulp mixing. Pulp refining refers to 

breaking the raw materials into pulp through the hydraulic pulper and then the purification 

treatment. The bonding between the fibres can be improved through appropriate fibre wire 

brush by the grinding machine. Pulp mixing is a process to get the pulp that is suitable for 

the quality requirements of products, which is adding fillers, pigments, as well as 

functional additive such as waterproof or oilproof to the prepared pulp and the pulp 

concentration must be controlled during the period. In order to ensure the continuous 

production and the uniformity of the products, it is necessary to control the liquid level in 

the storage tank and the mixing tank. (Chen, Ren & Sun 2011, p. 61.) 

 

Phase 2 is forming stage. At present, there are two main methods for pulp molding. One is 

vacuum forming and another is extrusion forming (It can be divided into hydroforming and 

compressed air forming). The basic principle of vacuum forming is that the fibre is 

absorbed on the outer surface of the lower die by vacuum method and the water is sucked 

out at the same time. The basic principle of extrusion forming is that the fibre is pressed on 

the surface of the lower die by the punch extrusion or compressed air pressure and the 

water is sucked out at the same time. And the vacuum forming is more common than the 

extrusion forming. (Chen et al. 2011, p. 61.) The figure 9 is the illustrative diagram of 

vacuum forming. 
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Figure 9. The illustrative diagram of vacuum forming (Chen et al. 2011, p. 61). 

 

Phase 3 is drying stage. The drying process is mainly using dryer to heat the air and then 

the pulp molding products are dried in hot air to achieve the effect of rapid drying. Fuel, oil 

and gas, electricity or steam and other medium can be as a heat source for the dryer. (Sun 

2015, p. 43.) 

 

Phase 4 is reshaping and trimming. The purpose of this stage is to make the pulp molding 

products more neat and smooth. Reshaping is to put the products on the die of the 

reshaping machine, through the high temperature (usually in the range of 100-250 ºC) and 

high pressure (usually in the range of 10-20 MN) to get product with more regular shape. 

The appearance of debris on the edge is common for pulp molding products. Therefore, 

trimming is needed for some pulp molding products that require higher quality or more 

smooth appearance. Trimming is carried out on the trimming machine with a cutting die. 

(Chen et al. 2011, p. 61.) 

 

3.1.3 The equipment used for pulp molding 

The pulp molding production line can be divided into seven main subsystems: the pulp 

refining system, the pulp mixing system, the vacuum adsorption system, the forming 

system, the drying system, the compressed air system and the reshaping system. Different 

subsystems correspond to different equipment. The equipment for the main subsystems is 

introduced as the following. 
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The equipment used for pulp refining and pulp mixing system 

Hydrapulper is the main equipment for pulp refining and pulp mixing system. It stirs and 

crushes the raw materials of the pulp molding products with the help of hydraulic force. 

Then the hydrapulper mixes them into the water. And the pulp material is formed which 

meets the requirement and can make the pulp molding products anytime.  

 

The figure 10 shows a kind of hydrapulper. It adopts D type structure which is more 

efficient than vertical type hydrapulper because it shortens the time of pulping and 

improves the work efficiency. The main functions of the D type hydrapulper is “crushing 

pulp board and wastepaper, deinking of wastepaper, and pulp purification”. The 

concentration of pulp is about 3-5%. The maximize capacity is 1000-1200 tons/d. The 

capacity depends on the power of motor. (Leizhan 2017.) This machine consists of pulper 

rotor, tank, landing leg, driving device and motor. The structure of it is shown in figure 11.  

 

 

Figure 10. D type hydrapulper (Leizhan 2017). 

 

 

Figure 11. The structure of D type hydrapulper (Leizhan 2017). 
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The equipment used for vacuum adsorption and forming system 

Pulp molding machine is the main equipment for vacuum adsorption and forming system, 

as well as for the whole pulp molding production line. A vacuum pump which provides 

power for forming and dewatering, and an air compressor for product transfer is auxiliary 

equipment for pulp molding machine. There are diverse types of pulp mold machine, it can 

be divided into rotary and reciprocating (up and down) based on the mechanism motion 

mode. Rotary pulp molding machine has complex mechanism structure, large production 

capacity and a lot of matching die. Therefore, it is suitable for the general packaging pulp 

molding products with mass production, such as egg tray. Reciprocating pulp molding 

machine has simple mechanism structure and less matching die than rotary type. Different 

pulp molding products can be produced by changing different dies and it is especially 

suitable for the industrial packaging products. 

 

The figure 12 shows a kind of rotary pulp molding machine. The system is controlled by 

programmable logic controller (PLC). Products are taken out by mechanical arms and put 

on drying line automatically, which greatly reduces the labor intensity. There is a pre-

heating air at the top of the machine and an auto mold washing and edge washing system. 

The table 1 shows the specifications of the rotary pulp molding machine. (Nanya 2017a.) 

The figure 13 shows some pulp molding products that are manufactured by this machine 

using different dies. 

 

 

Figure 12. Rotary pulp molding machine (Nanya 2017a). 
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Table 1. The specifications of the rotary pulp molding machine (mod. Nanya 2017a). 

Model type CZ030 / CZ040 / CZ050 / CZ060 

Forming type Rotary 

Capacity 3000-6000 pcs/h 

Plate Size 1200/1600/2000/2400470mm / 8 sides 

Main electrical elements Siemens 

Voltage 220-450 V 

 

 

Figure 13. Pulp molding products (Nanya 2017a). 

 

The figure 14 shows a kind of reciprocating pulp molding machine. Paper pulp molding 

machine for industrial packaging takes paper pulp as raw material, and absorbs the pulp 

into the die under the help of vacuum. After a while, the machine make products reach the 

specific thickness and dry wet ratio. After the processes of shifting die and demoulding, the 

products are formed completely. This kind of machine adopts the PLC control and touch 

screen. Auto discharge machine transfers the formed products from forming machine to 

material receiving platform by the cylinder driving power. The specifications of the 

reciprocating pulp molding machine are shown in the table 2. (Nanya 2017b.) The figure 

15 shows some pulp molding products that are manufactured by this machine using 

different dies. 
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Figure 14. Reciprocating pulp molding machine (Nanya 2017b). 

 

Table 2. The reciprocating pulp molding machine (mod. Nanya 2017b). 

Model type CY060 Absorbing pulp 

time 

0-30 seconds 

(Adjustable) 

Nominal voltage 220V ± 10% Dehydrating time 0-30 seconds 

(Adjustable) 

Rated frequency 50 Hz Production cycle 12-60 seconds 

(Adjustable) 

Vacuum (-0.07) - (-0.05) MPa Cylinder diameter 125 mm 

Input air pressure 0.5-0.7 MPa Cylinder route 650 mm 

Power consumption ≤1 Kw The height of the 

product 

≤160 mm 

Machine dimension 220023003060 mm Plate size 1000660 mm 

 

 

Figure 15. Pulp molding products (Nanya 2017b). 
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The equipment used for drying system 

The figure 16 shows a kind of dryer line. The flat conveyor drying line adopts two 

collocations that are drive chain and conveyor net. First, the products are put on the 

conveyor net and passed through the furnace which is full of hot air. Then the moisture of 

products will be evaporated rapidly. Finally, the dried product will be sent out 

automatically. The multiple drying takes less space and save fuel consumption compared 

with the single drying line. The width and length of conveyor is 1.2-2.4 m and 12-30 m 

respectively. The transporting speed is 0.5-3.5 m/min. The working temperature is 140-230 

ºC. And the capacity is 2-10 tons/d. (Nanya 2017c.) 

 

 

Figure 16. Flat conveyor multiple drying line (Nanya 2017c). 

 

The equipment used for reshaping system 

It is necessary to fix the pulp molding products, especially for the egg cartons and 

industrial packaging products. Hot-press machine utilizes the high temperature and high 

pressure to fix the shape of the dried pulp molding products so that the appearance of the 

products will be smoother. The figure 17 shows a kind of hot-press machine for reshaping. 

This hot-press machine takes cylinder supported by air pressure and hydraulic pressure as 

its motive force. The table 3 shows the specifications of hot-press machine. 
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Figure 17. Hot-press machine for reshaping (Nanya 2017d). 

 

Table 3. The specifications of hot-press machine (mod. Nanya 2017d). 

Working pressure 100 tons Temperature 15-180 ºC (adjustable) 

Nominal voltage 220V ± 10% Working cycle 15-60 seconds (Adjustable) 

Power consumption 60 Kw Working stroke Maximum 400 mm 

Air pressure 0.5-0.6 MPa Cylinder diameter 160 mm 

 

The edge trimming machine is mainly used for edge turning, trimming of tableware, dish 

plate and some high-quality industrial packaging products, which makes the products with 

neat and smooth appearance. The figure 18 shows a kind of edge trimming machine for 

reshaping. This machine adopts double oil cylinder, four columns precise guide 

mechanism and double crank connecting rod balancing, which guarantee the depth of 

cutting at the same position (Green Forest Pulp Molding 2017). The table 4 shows the 

specifications of edge trimming machine. 

 

 

Figure 18. Edge trimming machine (Green Forest Pulp Molding 2017). 
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Table 4. The specifications of edge trimming machine (mod. Green Forest Pulp Molding 

2017). 

Model date GF-500 GF-600 GF-800 

Max cutting force 500 KN 600 KN 800 KN 

Distance from upper pressing 

plate to work table 

50-200 mm 50-200 mm 50-200 mm 

Cutting area 1600730 mm 1600730 mm 1600800 mm 

Main motor power 4 Kw 5.5 Kw 7.5 Kw 

Weight 4000 Kg 5500 Kg 6500 Kg 

 

These subsystems can be combined to form a complete production line for pulp molding. 

As shown in the figure 19 is the complete flow schematic diagram of pulp molding 

production line. It is clear that the forming, drying and shaping can be done on the same 

equipment. In this way, it is more convenient and sustainable. The figure 20 shows another 

complete flow schematic diagram of pulp molding production line with the drying system. 

 

 

Figure 19. Flow diagram of pulp molding production line (Nanya 2017e). 
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Figure 20. Flow diagram of pulp molding production line (Nanya 2017e). 

 

3.1.4 The raw materials used for pulp molding  

At present, the raw materials for the pulp molding products can be divided into two parts. 

One part is the recycle waste paper of paper industry, including waste newsprint, waste 

corrugated boxes and mixed papers (office papers, magazines, phone books). This part is 

mainly used in the production of low-end industrial packaging products. Another part is 

pre-consumer recovered fibres or renewable native plants fibres, such as bamboo pulp, 

reed pulp and bagasse pulp. And this part is mainly used for the industrial pulp molding 

products that needs high quality. This can not only reduce the burden of environmental 

pollution and the consumption of other resources such as oil resources and timber 

resources, but also make full use of other fast-growing non-wood plant fibre resources. In 

addition, the production process of pulp molding does not produce other waste and the 

products also can be easily recycled. (Nilsson et al. 2012, p. 751.) 

 

3.1.5 The classification of the pulp molding products 

There are various structures of pulp molding products based on the different applications in 

the different conditions. There is no uniform method for the classification of pulp molding 
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products. According to the structure and shape characteristics of the pulp molding products, 

it can be divided into the following categories. 

 

Tray type structure 

The tray type structure is very common for the pulp molding products. The main 

characteristic of the tray type structure is shallow cavity chamber or more cavity chambers. 

The pulp molding products with this structure have good cushioning performance and 

positioning effect, as well as the simple forming process. In generally, this kind of 

structure is used as trays for fruits and vegetables and agricultural products, and buffer pad 

for small industrial products such as electrical appliances and fragile goods. (Deng & Kang 

2011, p. 42.) The figure 21 shows pulp molding products with tray type structure. 

 

 

Figure 21. Pulp molding products with tray type structure (Frbiz.com 2017). 

 

Bowl, cup and barrel type structure 

A single cavity is the main structure of this kind of products. They have good capacity 

because of the volume is relatively large. In generally, this kind of structure is used as 

disposable tableware, crop nutrition bowl and flowerpot. This kind of products require 

dense structure with high density. So, the hydraulic molding process is generally used for 

the production. (Deng & Kang 2011, p42.) The figure 22 shows pulp molding products 

with this kind of structure. 

 

 

Figure 22. Pulp molding products (Maspack Limited 2017). 
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Heavy load structure 

This kind of products are commonly used for heavy cargo pallets and transport packaging 

for large mechanical equipment. This requires that the product has sufficient structural 

strength, stiffness, water resistance, oil resistance and other characteristics. The bearing 

capacity of the products can be improved by increasing the thickness and density of the 

product and adopting the multi-layer structure or the strengthening structure. And other 

physical and chemical properties of the products can be improved by using additives. (Hao 

& Wang 2010, p. 15; Mao et al. 2010, p. 2.) The figure 23 shows a kind of pulp molding 

pallet. 

 

 

Figure 23. Pulp molding pallet (Nanya 2017f). 

 

Box, pot, bottle or closed chamber structure 

This type of structure is different from the traditional structure, which generally contains 

zero inclination straight wall structure (almost without stripping slope) and a small opening 

cavity or closed cavity structure. In generally, this kind of products are mainly used as 

packaging for high-end electronic products, instrumentation, medical equipment and other 

products (Huo & Saito 2009, p. 261). This kind of products cannot be processed by 

traditional molding technology and equipment, so it is still in the stage of development and 

research. But in recent years, the pulp molding process technology has been greatly 

developed, and gradually the round, oval, square, polygonal cans with the height more than 

20 centimeters can be produced. (Qiu & Ye 2010, p. 52.) The figure 24 shows this kind of 

products. 
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Figure 24. Fine industrial packaging of pulp molding products (Qiu & Ye 2010, p. 52). 

 

In addition to the several structure types that mentioned, and some pulp molding products 

are also used as toys, handicrafts, furniture and other special products. In a word, pulp 

molding products have been widely used in various industries, especially for the transport 

packaging and even some products have been applied as sale packaging.  

 

3.1.6 Research status of pulp molding 

The pulp molding industry is a relatively emerging industry, it really started and applied to 

the packaging field in the 1930s. At present, in North America, Europe and Japan and other 

developed countries and regions, pulp molding industry has formed a certain scale. Among 

them, pulp molding industry in the United Kingdom, Iceland and Canada is more 

developed, and its production process is relatively mature. So far, in some developed 

countries, pulp molding products is gradually or even completely replacing the expanded 

polystyrene (EPS) foam plastic products. Computer aided design (CAD) is widely used in 

the structure and mold design. 

 

In contrast, the development of pulp molding industry in China is relatively late, it began 

in the 1980s. After that, the pulp molding industry in China developed slowly. Until in 

2008, Chinese government issued restrictions on the production, sale and use of plastic 

shopping bags policy, pulp molding industry got real development. After several years of 

exploration and development, the pulp molding industry has completed the transformation 

that from imported advanced technology to independent design (Ren & Yu 2015, p. 80). 

The relevant patent application in the field of pulp molding is increasing year by year. So 

far, it has formed the Pearl River Delta, Yangtze River Delta and Beijing Tianjin Hebei 

region, the three of pulp molding technology development centers (Sun & Guo 2008, p. 

14). 
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In recent years, scholars have done a lot of research on the structure design, forming die 

and forming process of pulp molding. The following are some of the research in these three 

areas. The content of the research can also reflect the present situation of the development 

of pulp molding. 

 

Pulp molding products generally use Pro/E, UG and Solid Works as the 3D software to 

model. The structure model and the data file of the pulp molding products can be used for 

further design for die structure and computer aided manufacturing (CAM). Deng et al. 

(2010, p. 43) used Solid Works software to complete the design of pulp molding structure 

and its die design based on a class of checkerboard pulp molding products process and 

functional requirements. Huang & Liu (2013, p. 26) used UG software for the pulp 

molding flowerpot product structure design and rendering. The software analysis module 

can be used to predict the structural performance of the product and can be changed at any 

time based on customer requirements. 

 

At present, the design of pulp molding die in China depends on practical experience and 

the cycle from die design to manufacturing is long (Qin & Huang 2014, p. 23). Niu (Pat. 

CN202064238U 2011, P. 3) invented an improvement pulp molding die, which is 

composed of forming die, reshaping die and cutting tool. The process of upper die for 

forming is reduced and the clearance between the upper die and the lower die is guaranteed. 

And the product can be cut in different planes at once, thereby the efficiency and quality 

are improved. Ou (2011, p. 69) through the analysis of the pulp molding die structure and 

resistance factors, put forward the mold suction hole and cavity structure optimization 

design method. It can reduce the forming resistance and improve the filtration efficiency. 

Cao et al. (2013, p. 143) analyzed the forming process for pulp molding products with 

large aspect ratio and the factors that influence quality and explained the design 

requirements and elements for forming die. 

 

The forming process is very important for the quality of the pulp molding products. Yin, Li 

& Zhang (2009, p. 10) adopted a double adsorption forming process to manufacture the 

pulp molding pallet. The new product is larger thickness and higher strength compared the 

one that formed by the single suction filter forming method. Lang (Pat. CN 102691237 A 

2012, p. 3) invented a method for forming a pulp molding elongated pipe. The utility 
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model adopts more than two pulp inlets to feed into the pulp, and each pulp inlet is 

provided with a device which can be controlled independently. The utility model solves the 

problem that the wall thickness of the pulp molding elongated pipe is uneven along the 

length direction of the pipe and improves the production efficiency of the pulp molding 

elongated pipe. 

 

3.1.7 The existing problems of pulp molding 

The structure design of pulp molding products still has many limitations, resulting in the 

pulp molding products structure is single. The application scopes of the pulp molding 

products are also more limited than the developed countries, especially the production and 

application of some bottle, pot and other special structures. There is no specification and 

scientific theory about the die design of pulp molding. This is not conducive to the 

standardization and innovation of the pulp molding. As the result, the new pulp molding 

design cycle becomes longer. 

 

Study on the treatment of pulp molding products appearance has made some achievements. 

The methods of improving surface smoothness of the pulp molding products are coating 

and surface membrane-covering. Through the modification of cellulose fibre, the dyeing 

performance of pulp molding products was improved. But the pulp molding products have 

not gotten the best comprehensive performance because most of the researches are from 

the individual aspects like sizing agent, auxiliary agent, production process and post-

treatment process to improve the pulp molding products appearance rather than a 

systematic study of the complete process.  

 

Some properties of pulp molding products need to be improved such as water resistance 

and mildew resistance. Because water absorption will affect the appearance and cushioning 

properties. And there is no uniform test methods and performance evaluation criteria for 

pulp molding products. The existing test methods and performance evaluation criteria for 

cushioning packaging materials are whether suitable for pulp molding products or not need 

to be considered.  

 

The process of pulp molding requires a lot of energy, especially the drying stage. It 

accounts about 70-80% of the total energy consumption. There are many physical and 



34 

 

chemical phenomena and serious waste of heat and electricity during the drying process. 

However, the industrial design and implementation of the process are mainly based on 

experience at present and there is no theory to support it.  

 

3.2 Thermoforming 

Thermoforming is widely used with the plastic materials for the plastic trays forming 

through the assistance of mechanical loading and/or vacuum pressure, and the form-fill-

seal (FFS)-lines for the flexible packaging. Fibre-based materials with plastic layer like 

plastic-coated paper can be formed through thermoforming because the plastic coating 

layer can be as gluing media. Heat sealing, as the main unit for FFS lines, is introduced in 

the following.  

 

3.2.1 The principle and process of form-fill-seal 

The form-fill-seal forms pouches from a web of flat, flexible heat-seal material, fill them 

with product, and seal them in one continuous operation. Form-fill-seal machines may be 

vertical or horizontal type. There is usually a filler head mounted above the machine which 

can be an auger, scale, piston, volumetric cup or one of many types of fillers. For the 

vertical machine, the web travels downward, and the product is fed from the top. The 

figure 25 shows the general process of vertical FFS machine. For the horizontal machine, 

the web travels horizontally, it may lie flat on the bed of the machine so that the product 

can be placed on it, or it may be suspended and formed into pouches that can be filled from 

the top. The figure 26 shows the general process of horizontal FFS machine. Vertical FFS 

machines or horizontal FFS machines can be intermittent or continuous motion. The 

intermittent motion machines are suitable for applications where speed is not required very 

high while the continuous motion machines can achieve the higher production rates. 

(BuyMachineryNow 2016.) 
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Figure 25. The general process of vertical FFS machine (BuyMachineryNow 2016). 

 

 

Figure 26. The general process of horizontal FFS machine (mod. Omori 2017). 

 

3.2.2 The heat sealing methods 

The process of heat sealing which needs heat source, pressure unit, and time for the 

cooling down. The bond between the two surfaces can be rapidly formed by the melting of 

the plastic coating layer and the hot pressing of two surfaces while the plastic is re-

solidified. (Heat sealing 2017.) The diagram of heat sealing operation is shown in figure 27. 

The factors of type and thickness of plastic coating, temperature of heater, pressure time 

and pressure value can influence the seal result. The figure 28 shows the relationship 

between the sealing time and sealing temperature using the hot bar sealer method. The 

sealing time is inversely proportional to the sealing temperature. Heat sealing is suitable 
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for high speed operations and usually used for the heat sealing units of FFS machine for 

plastic-coated paper. 

 

 

Figure 27. The diagram of heat sealing operation (Heat sealing 2017). 

 

 

Figure 28. The relationship between the sealing time and sealing temperature (Heat 

sealing 2017). 

 

The heating sealing methods can be divided into diverse types based on the heat resources. 

Different methods have their own properties. The materials for heat sealing and the cost of 

heat sealing should be considered when selecting the heat sealing methods. The most 

common methods used are described as following. (Heat sealing 2017.) 

 

The hot bar sealers can press over the seal areas to be sealed through the electrical heated 

jaws. It is mainly used for the heat sealing units of FFS machine for plastic-coated paper. 

For the bar sealers, it is convenient and easy to use and maintain. Visible markings on the 

surface of the materials could be left during the processes sometimes is the drawback. 

 

The hot wheel sealers are provided with a gas flame-heated wheel, which is used to form 

seal during the materials move past the wheel. It is also mainly used for the heat sealing 
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units of FFS machine for plastic-coated paper. Its advantages and disadvantages are similar 

to the hot bar sealers. 

 

The principle of hot air sealers is that the plastic coating layer is melted by a jet with gas 

flame-heated or electrical heated air and then the sticky areas are pressed and clamped by 

jaws or a roller nip. Hot air sealers are convenient to operate while the equipment may 

make noises and increase the temperature of the surroundings environment. 

 

The principle of radiation sealers is analogic with hot air sealers except that the heating is 

from the precision heating elements. The equipment makes less noises and emits less 

excessive heat compared with the hot air sealers. The limitation of the equipment is that the 

universal property of the heating elements is not good and one type heating element is just 

suitable for one specific seal size. 

 

For the gas flame sealers, they are much like the hot air sealers. The only difference 

between them is the heating element, which is gas flames are used for gas flame sealers 

rather than hot air jets. The equipment makes less noises and emits less excessive heat 

compared with the hot air sealers but the gas system is required to install for the equipment. 

 

The high frequency sealers are similar to the hot bar sealers, and the difference between 

them is that the energy is transferred from the high frequency voltage applied across the 

jaws as the dielectric loss in the packaging material, which making it a capacitor. The heat 

is produced from the inside of material, which is like the heating in a microwave oven. The 

ultrasonic sealers are like the high frequency sealers while the heating is created through 

losses of mechanical friction from inside of the material. 

 

3.2.3 The equipment used for form-fill-seal 

Vertical FFS machine 

Vertical FFS machines are used in the consumer products industry which gravity will help 

filling, such as solids, powders and liquids with a wide variety of packaging types. 

However, its limitation is that the control and the speed of operation are influenced and 

limited by product drops gravity (Omori 2017). For the machine, the roll of raw material 

travels downward. The package is formed around the feed pipe and the flowing product is 
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pre-assigned through the feed pipe. According to the sealing compatibility of the surface, 

the longitudinal heat seal can be butted which means the inner surface and the inner 

surface of the material can be sealed or can be lapped which means the inner surface and 

the outer surface of the material can be sealed. Finally, the packaging can be divided into 

separate packaging through cross seal and cut off.  

 

The figure 29 shows a kind of typical vertical FFS machine which is manufactured by 

Shenzhen Penglai Industrial Corporation Limited. The machine is constituted by vertical 

multi-head weigh packaging device, Z-shaped automatic material elevator, platform and 

finished product conveyor. It is used for the granules powders such as candy, melon seeds, 

chips and peanuts. This machine adopts PLC computer system and can adjust any 

parameters without needing to stop machine. The precision of temperature independent 

control system is ±1 ºC (Shenzhen Penglai 2017.) The specifications of the automatic 

vertical FFS machine is shown in the table 5.  

 

 

Figure 29. Automatic vertical FFS machine (Shenzhen Penglai 2017).  

 

Table 5. The specifications of the automatic vertical FFS machine (mod. Shenzhen Penglai 

2017). 

Type YX-500A 

Pouch length 100-480 mm (L) 

Pouch width 100-300 mm (W) 

Max width of roll material 620 mm 

Packing speed 20-40 punches/min 
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Table 5 continues. The specifications of the automatic vertical FFS machine (mod. 

Shenzhen Penglai 2017). 

Measuring range 100-2000 g 

Air consumption 0.65 MPa 

Gas consumption 0.5 m3/min 

Power voltage 220V/50HZ 

Power 5 Kw 

Dimension of the machine (L) 1500 mm (W) 1270 mm (H) 1600 mm 

Deadweight of machine 900 Kg 

 

Horizontal FFS machine 

Horizontal FFS machines are used in most single or multiple solid items such as chocolate 

and biscuits for a variety of packaging types. The advantages of this type machine are that 

products can be easily packed, and the position of cutting and the speed can be controlled 

more accurately. (Omori 2017.) For the machine, the roll of raw material is mounted on a 

spindle, tube is formed by passing over a former when it is pulled or driven through. 

Products are wrapped and there is a regular gap between of them and then making two 

seals and cutting off between them by another sealing device.  

 

In generally, the basic structure of the horizontal FFS machines contains infeed conveyor, 

material supply, punch former, central seal section, product conveyor, end seal section and 

discharge conveyor. The central seal section and end seal section are the important parts 

among of them. The function of central seal device is that the two edges of material 

brought together by the pouch former are sealed by a combination of heat and pressure as it 

passes through the central seal device. (Omori 2017.) The figure 30 shows two typical 

types of central seal devices. The bar type can provide a longer sealing time which 

adopting a combination of rotary control roller and bar heater. The rotary wheel type is a 

little different with bar type, which the second rollers adopt heaters to seal. There are two 

typical types of end seal devices which are shown in the figure 31. The rotary type is the 

simple end seal device, which is composed of matched heating bars arranged on a rotating 

shaft. Its disadvantage is that the contact time may not be enough to get an excellent 

quality seal as material thickness or machine speed increasing. The box motion type is 

often used to solve this problem. The box motion type is not only the best solution for the 
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seals, but also only requires a smaller gap between the pouches. Therefore, satisfactory 

appearance and saving raw material can be achieved by adopting this box motion type. 

(Omori 2017.)  

 

Figure 30. Central seal devices (Omori 2017). 

 

 

Figure 31. End seal devices (Omori 2017). 

 

The figure 32 shows a kind of typical horizontal FFS machine which could pack various 

kinds of products such as bread and chocolate. The machine is stable and easy operating 

with high speed. In generally, the machine must be equipped with several auxiliary devices 

like date code printer, gas charging device, feeding devices, adjustable blanking device, 

automatic slotting device and sear angle forming device. 

 

 

Figure 32. Horizontal FFS machine (Beatarpacking Machine 2017). 
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3.2.4 The types of pouches 

Form-fill-seal pouches have a wide variety of types. Types vary according to the material 

used and the FFS machine used. There are five diverse types of pouches. Designers can 

choose diverse types according to the demand of products and appearance of packages. 

The five diverse types are described in the following. 

 

Pillow pouches 

The pillow pouches are the most common pouch type which is formed by the longitudinal 

folding of a reel material. The back seal causes the material to form a tubular structure, and 

the cross seal can get an independent packaging pouch. The figure 33 shows a pillow 

pouch that is made of plastic-coated kraft paper. 

 

 

Figure 33. Pillow pouch (Jumei.com 2017). 

 

Tetrahedron-shaped pouches 

The tetrahedron-shaped pouches are formed by the deformation of the pillow pouches. The 

shape of the tetrahedron is obtained by rotating the bottom seal 90 ° and then carrying on 

top cross seal. It forms a packaging pouch with three planes. The figure 34 shows a 

tetrahedron-shaped pouch. This kind of type is more common in the packaging for candy 

and tea.  

 

Figure 34. tetrahedron-shaped pouch (Dernier PR 2017). 
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Flat bottom bags 

The flat bottom bags are also formed by the deformation of the pillow pouches. The 

folding device forms a plane at the bottom of the bag, so that the packaging bag can stand 

freely. This type is easier to display compared with the pillow pouches. The figure 35 

shows a flat bottom bag that is made of plastic-coated kraft paper.  

 

 

Figure 35. Flat bottom bag (Jumei.com 2017). 

 

Three-side-seal pouches 

The bottom of the three-side-seal pouch is folded by the reel material. The both sides and 

top of the pouch are formed by heat sealing. This kind of pouch is great for packaging food 

and other products and can display product. The figure 36 shows a three-side-seal pouch 

that is made of plastic-coated kraft paper.  

 

 

Figure 36. Three-side-seal pouch (Xiangwei Packaging 2017). 

 

Four-side-seal pouches 

This kind of pouch is made of a folded roll material or two separate reels of material. The 

four sides of the pouch are formed by heat sealing. The disadvantage of this type is that 

must be hung on the display rack for display because it cannot stand upright. The figure 37 

shows a four-side-seal pouch that is made of plastic-coated kraft paper.  
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Figure 37. Four-side-seal pouch (Taobao.com 2017). 

 

3.2.5 Research status of form-fill-seal 

Flexible packaging as a major part of the packaging industry plays a significant role for 

innovations and dynamic developments. It is also one of the fastest-growing parts in 

packaging. The global consumption of flexible packaging is predicted to grow 3.5% 

annually over the next five years and could reach 231 billion dollars by 2018 from the 

Smithers Pira data. The fundament of its continued growth is innovation. In all kinds of 

consumer goods, flexible packaging is becoming more and more popular, it usually can be 

defined as any part of the packaging or packaging without their own shape or shape can be 

easily changed. (Smithers Pira 2016.) 

 

Flexible packaging equipment manufacturing industry has only 20 years of history in 

China. The research work of flexible packaging machine in China was started late, and this 

kind of equipment mainly relied on imports in the early days. Most of the equipment are 

from Japan. In recent years, with the steady development of the domestic economy, 

flexible packaging equipment production in China has the industry scale. The flexible 

packaging equipment production bases such as East Guangdong area, Jiangsu Wuxi area, 

Zhejiang Wenzhou Haining area, and Shaanxi Xi'an area have been formed and gradually 

could fully replace imported equipment. (Lin et al. 2010, p. 175.) 

 

However, the equipment of domestic manufacturing level still has gaps compared with the 

world advanced level. The current international trends of development are mainly reflected 

in the following four aspects.  

- High efficiency, high speed and high quality. First, it is beneficial to reduce the cost 

of the target product and improve the target market competitiveness of the final 
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product. The entire production line is arranged based on production and packaging 

processes, which is an auto control of orders for starting and stopping the machine.  

- High flexibility. The equipment allows the sizes of the package can be changed 

within a certain size range to adapt to the change of the target products without 

changing expensive accessories or production lines. 

- Adopting PLC man-machine interface. It is convenient for operation and removal 

of faults through adopting computer controlled automation and digital operating 

system. 

- Energy saving and waste recycling, reducing pollution and eliminating secondary 

pollution. The efficiency of flexible packaging equipment is improved under the 

same energy consumption to achieve energy-saving. At the same time, waste 

recycling must be considered during the production process on the premise of 

ensuring product quality. 

(Lin et al. 2010, p. 176.) 

 

3.2.6 The existing problems of form-fill-seal 

As the fastest-growing 3D forming method, there are still several existing problems for 

form-fill-seal. The detection and control technologies still need to be improved under the 

background of flexible packaging equipment with high efficiency, high quality, high 

flexibility and energy saving. The control system includes fixed length and positioning 

control, tension and speed control, temperature control and deviation control, which is 

based on the progress in the modern industrial technology. The detection of tension and 

speed and deviation is very important for the flexible packaging equipment. The constant 

tension of raw material, fluctuation control of tension and detection of deviation are the 

crucial factors to improve the production efficiency and control the quality of products. 

(Han & Lu 2010, p. 138.) It is an inevitable trend that research and application of some 

innovative technologies to the detection and control system. For example, image 

processing techniques and intelligent control system.  

 

3.3 Die cutting and creasing 

Due to the maturity and development of die cutting technology, it is widely used as the 

basic process of the whole 3D forming process for bags, wrappings, folding cartons, 

corrugated fibre-board boxes, book cover and other packaging and decoration products. In 
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generally, the die cutting also includes creasing process. So, the die cutting and creasing 

process are referred to as die cutting technology. At present, traditional die cutting, digital 

die cutting and laser die cutting are main used. Die cutting technology is described in detail 

as the following. 

 

3.3.1 The principle of die cutting 

The principle of traditional die cutting 

The cutting process is that the paper or paperboard are cut into the certain shape by the 

steel knives. The creasing process is that the paper or paperboard are creased creasing lines 

by the creasing rule and groove. In the most bending and folding forming, the cutting 

process and creasing process are combined. In the die cutting machine, the blanks are cut 

and/or creased into a predetermined shape through the relative movement of the die-board 

and embossing board. (Pan & Ma 2012, p. 26.) The figure 38 shows the principle of the 

forming method. The figure 39 shows the main dimensions of the creasing rule and groove. 

All these dimensions can influence the quality of the creasing lines of the products. 

 

 

Figure 38. The principle of the die cutting (Pan & Ma 2012, p. 26). 
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Figure 39. The main dimensions of the creasing rule and groove (Tanninen 2015, p. 25). 

 

The surface of the printed board or cardboard contains the creasing deformation and die 

cutting fission during the process. In the deformation region, some areas are mainly tensile 

deformation, while some areas are mainly compression deformation. And different 

directions have different deformation. Due to the complicated deformation, there are many 

factors affecting the final quality of die cutting, such as the type of the fibre-based 

materials, the orientation of the fibres (machine direction (MD) and cross-machine 

direction (CD)), the pressure of the die cutting tools and the type of the knives. These 

factors have been studied in the previous research. (Pickering et al. 2016, p. 98; Tian 2008, 

p. 24; Pan & Ma 2012, p. 27.) 

 

The principle of digital die cutting 

Digital die cutting technology is similar to the traditional manual carving technology. The 

software control, laser positioning and mechanical displacement can change the direction 

of knife (XY direction) automatically. The principle of digital die cutting is very simple. 

First, using the tool of the software to add dark solid line on the contour of image that 

needs die cutting as the contour. And the contour of die cutting is also printed when 

printing the image. Then the die cutting platform using laser scanning head to scan the 

contour information of die cutting image and the tool path is controlled through software 

system. It is necessary to select suitable die cutting tool and die cutting style based on the 

varied materials (Tang 2009, p. 9.) 

 



47 

 

The principle of laser die cutting 

Laser die cutting is a continuation of the digital process, the process began in digital 

printing machine. Laser die cutting allows users to adjust the product design online, 

because the user can have a PDF file containing the entire product processing. Laser die 

cutting can make creasing lines through changing the laser intensity or scanning speed. The 

principle of laser die cutting is to gather energy at a point on the fibre-based material, so 

that the point is rapid gasified due to elevated temperature. (Li 2015, p. 15.) As shown in 

the figure 40, the focused area on the material will be burned and evaporated while the 

resonator generates laser beam, the vapor comes out from both sides of the material. 

 

 

Figure 40. The principle of laser die cutting (Stepanova, Saukkonen & Piili 2015, p. 140). 

 

The parameters of the laser beam are shown through the galvanometer and stored in the 

system, as the basis for cutting objects of different shapes. All the techniques of laser die 

cutting are controlled by software, such as software controls power, speed, pulse frequency 

and the position of the laser beam. For each of the die cutting materials, laser die cutting 

process parameters are specific, so that the operator can obtain the best performance of the 

product in the finishing process. (Li 2015, p. 15.) 

 

3.3.2 The process of traditional die cutting 

The common process of die cutting contains designing the die-board and embossing board, 

selecting the die cutting tools, manufacturing the die-board and embossing board, die 

cutting and creasing and removing the waste. To get products with satisfactory quality, 
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there are several matters needing attention in every phase. Then the final products that 

manufactured from die cutting can be as the raw blanks and combined other machines like 

automatic folder gluer, the carton or other packaging containers can be formed. The 

detailed forming method after die cutting is described in the following chapters. 

 

Phase 1 is designing the die-board and embossing board. This is based on the calculation of 

the various dimensions of the design of the expansion of the products accurately. It is 

should be paid attention that the corners of the line as far as possible to use rounded 

corners, which is facilitate the follow-up work. At the same time, it is necessary to avoid 

the connection of a plurality of adjacent narrow edges. (Wu 2004, p. 58.) 

 

Phase 2 is selecting the die cutting tools. Die cutting tool known as die cutting knife and 

creasing tool known as creasing rule. The tool can be bent into any complex shape to adapt 

to the needs of products. So, in addition to the selection of the die cutting tool to ensure 

that the cutting edge of the tool with a certain hardness, the tool also need a specific 

toughness.  

 

Phase 3 is manufacturing the die-board and embossing board. This is the most complex 

and important phase. Because in the process, accuracy of cutting and creasing depend on 

the quality of the mechanical precision of die-cutting machine, the precision of die-board, 

as well as the reasonable selection of materials of creasing rule and cutting knives and 

many other factors. According to the requirements of the products, selection of tools with 

different hardness and shape. Then manufacturing the die-board and embossing board. The 

detailed steps of how to manufacture the boards can be found in previous studies. (Yu 2006, 

p. 35; Wu 2004, p. 57; Kang 2004, p. 50; Xu 2006, p. 30.) The practicality picture of the 

flat and rotary die-board is shown in the figure 41 and figure 42. 

 

 

Figure 41. The picture of flat die-board (Cutlite Penta 2017). 
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Figure 42. The picture of rotary die-board (Keywords 2017). 

 

Phase 4 is die cutting and creasing. The products can be manufactured after putting the die-

board into the die cutting machine. First, the pressure test should be carried out. After 

passing the examination, and then the formal production can be started. It is necessary to 

check the quality of the products at any time during the production and to solve the 

problems in time. (Kang 2004, p. 50.) 

 

Traditional die cutting process, especially the production process for die-board is very 

complicated and time-consuming. In addition, the tool needs to be repaired after the wear, 

this also greatly increases the cost of die cutting. A finished die-board is very difficult to be 

modified. So, the production of die-board is very inconvenient, particularly to produce a 

small quantity and/or different shapes.  

 

3.3.3 The equipment used for die cutting 

The equipment used for traditional die cutting 

Due to the different structure and characteristics of various products, the use of die cutting 

production methods should also be different. So, there are a variety of structures and forms 

for die-cutting machine. With the continuous development and growth of the printing and 

packaging industry, the production of die-cutting machine is developing to the direction of 

automation, digitization, intelligence, function, high speed and individuation in China 

(Kang 2011a, p. 74). 

 

Independent die-cutting machine generally consists of feeding device, die cutting (or die 

cutting and hot stamping) device, clear waste device and products collection device. 

According to the different feeding methods, independent die-cutting machine can be 

divided into sheet die-cutting machine and web die-cutting machine. According to the 

diverse ways of die cutting, independent die-cutting machine can be divided into flatbed, 
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flatbed cylinder, and rotary die-cutting machine. The figure 43 shows a kind of rotary die-

cutting system. Different die-cutting machine has contrasting functions. In addition to the 

most basic function of die cutting and creasing, some die-cutting machine can remove and 

collect the waste materials and some can also be hot stamping. (Qi 2010, p. 35.) The 

diverse types of die-cutting machine are shown in appendix I.  

 

 

Figure 43. Rotary die-cutting system (Horizon 2017). 

 

Die cutting machine for on-line production refers to the processes like die cutting, printing, 

hot stamping, embossing that can be conducted on the same machine, which has the 

advantages of high automation and high production efficiency. Die cutting machine for on-

line production is used for web materials. The die cutting machine for on-line operation 

can reduce the intermediate links of production, shorten the production period of the 

printing parts and reduce the consumption of raw materials. The common types contain 

TYMB930, GSM2200, YT-SA2100 and MWZ1670S. (Kang 2011b, p. 71.) 

 

At present, the horizontal flatbed die-cutting machine is main used in the printing and 

packaging industry in China. In order to improve the market competition and be suitable 

for the trend of sustainability, printing and packaging enterprises must change the 

traditional concept and adopt the advanced die-cutting equipment. The advanced die-

cutting equipment can reduce the labor intensity, improve the production efficiency and 
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product quality, at the same time achieve the purpose of reducing production consumption 

and production cost. (Kang 2011a, p. 76.) 

 

The equipment used for digital die cutting 

With the continuous development of digital printing technology, digital die-cutting 

machine came into being. Digital die-cutting machine is easy to operate, as well as suitable 

for products with complex shape. The equipment of digital die cutting generally consists of 

control software, die cutting platform, control station (display device) and different tools. 

(Tang 2009, p. 9.) The figure 44 shows a kind of digital die-cutting machine. The typical 

grammage of paperboard used in this machine varies from 150 g/m2 to 450 g/m2 and the 

thickness range from 0.2 mm to 0.45 mm. The maximum size of paperboard is 600450 

mm and the minimum size is 297210 mm. The high die cutting speed of the machine is 

up to 6500 sheet/h.  

 

 

Figure 44. Digital die-cutting machine (Print Home.com 2017).  

 

The equipment used for laser die cutting 

Speed is a very attractive property for laser die cutting technology. It is should be noted 

that this does not refer to the die cutting speed, the advantages of die cutting speed can be 

easily achieved by the traditional die cutting technology, where the emphasis is on 

changing sheet speed. The laser die-cutting machine is not very common in the packaging 

industry in China because it is still in the stage of research and development. The following 

factors of the type of laser, the laser power, the cutting speed, the position of the focus 

point, the flight path and the pressure of the auxiliary gas are considered in laser die cutting. 
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Carbon dioxide (CO2) gas laser is commonly used in die-cutting machine because of its 

longer wavelength and uniform temperature during the work period. (Zhang & Guo 2014, 

p. 62.)  

 

The figure 45 shows a kind of laser die-cutting machine (LC340S) with the properties of 

digital, high precision and high efficiency. It is designed and manufactured by Hans-

Gronhi graphic technology company. It can be suitable for varied materials, such as 

polyethylene terephthalate (PET), polyvinyl chloride (PVC), paper and leather. The 

wavelength of CO2 gas laser is 10.6 µm and the laser power is 180 W. The maximum laser 

scanning range is 483340 mm. Therefore, the size of the material must be less than this 

range. The positioning accuracy of die cutting can be 0.1 mm. The high die cutting speed 

of the machine is up to 2500 sheet/h. About the working environment, temperature is 

controlled at 20 ºC and relative humidity is 40-70%. (ppzhan.com 2015.) 

 

 

Figure 45. Laser die-cutting machine (ppzhan.com 2015). 

 

3.3.4 The comparison of different die cutting technology 

All the three die cutting technologies can die cutting and creasing, but there are also some 

differences between them. The comparison of the three die cutting technologies is shown 

in Table 1. About the laser die cutting technology, its cutting precision is high but the 

excessive cost of consumables laser tube leads to prohibitive cost of cutting. And the main 

application fields are still limited to the anti-counterfeiting through making emboss, 

profiled holes and latent image on the surface of the materials. Traditional die cutting 

technology can basically meet the needs of traditional printing. Digital die cutting 
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technology can basically meet the requirements of digital printing finishing process. (Tang 

2009, p. 9.) All the three die cutting technologies are suitable for the fibre-based materials. 

So, it should make compromise when selecting die cutting technology. 

 

Table 6. The comparison of the three die cutting technologies (mod. Tang 2009, p. 9). 

 Traditional die 

cutting technology 

Laser die cutting 

technology 

Digital die cutting 

technology 

Processing speed Fast Medium Slow 

Precision Low (Simple 

pattern) 

High (Complex 

pattern) 

Medium (Depend 

on the knives) 

Processing range Small (Paper, 

paperboard, plastic 

film and corrugated 

board) 

Medium (All the 

materials that 

matched for 

traditional die 

cutting, textiles, 

wood and rigid 

plastics) 

Large (All the 

materials that 

matched for laser 

die cutting, metal 

foil and plastic 

foamboard) 

Cost of die cutting Medium (Die-board 

and knives tool) 

High (Laser tube) Low (Knives tool) 

Cost of equipment Low High Medium 

Processing quantity Mass Flexible Flexible 

 

3.3.5 Research status of die cutting 

The history of die cutting technology have several decades and with the continuous 

development and growth of the printing and packaging industry, the die cutting technology 

is developing to the direction of automation, digitization, intelligence, function, high speed 

and individuation. Therefore, magnetic die cutting technology, digital die cutting 

technology and laser die cutting technology came into being. But the traditional die cutting 

technology still occupies a dominant position and widely used in printing and packaging 

industry in China. 

 

At present, the world’s manufacturers for die-cutting equipment are mainly concentrated in 

Europe, Japan, South Korea and China. In China, the companies of Shanghai Yahua, Hebei 
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jade seal, Tianjin evecom, Taiwan Choi Shun and Taiwan Xu Heng have occupied the 

main domestic market. The domestic hot stamping die-cutting machine and horizontal 

automatic flatten die-cutting machine are competitive. First, the cost performance of the 

domestic die-cutting machine is obvious, the price of the domestic die-cutting machine is 

only 20-25% of the imported equipment. Second, the after-sales service of domestic die-

cutting machine is convenient and quick response for the domestic consumers. After many 

years of development, the domestic manufacturing enterprises have developed high-grade 

products, which have gradually passed certification of Conformite Europeenne (CE) and 

International Organization for Standardization (ISO 900) and been shortening the gap. (Liu 

2013, p. 72.) 

 

Although die-cutting machine has been greatly improved whether in quantity or in quality 

in China, due to it is started relatively late compared with developed countries, there is still 

a large gap between the domestic die-cutting machine and the advanced die-cutting 

machine in the world. It is mainly reflected in the following four aspects. (Liu 2013, p. 72.) 

- The speed of die cutting is not enough fast. The production speed of automatic die-

cutting machine with foreign advanced level is 8500-9000 sheets/h while the 

domestic automatic die cutting machine is 5500-7500 sheets/h. 

- The precision of die cutting is not enough accurate. The precision of automatic die-

cutting machine with foreign advanced level is 0.06 mm while the domestic 

automatic die cutting machine is generally 0.075-0.1 mm. 

- The stability of die-cutting machine is not high. It is mainly restricted by the 

domestic machinery industry, such as materials, heat treatment process, machining, 

inspection means and other conditions. 

- The universal property of accessories is not high. There is a large gap about the 

parts processing and assembly compared die-cutting machine with foreign 

advanced level. 

 

3.4 Folding and gluing 

The purpose of folding operation is to make the blank that has gone through the process of 

die cutting and obtained its intended shape (Creasability and foldability 2017). The gluing 

is the last step in a long chain of operations for manufacturing packaging containers 

(Gluing 2017). So, the folding and gluing are the main stages for the 3D forming of fibre-
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based materials after the die cutting. Folding and gluing are described in detail as the 

following. 

 

3.4.1 The principle of folding 

The principle of folding is that the blank sheet along the creasing lines to fold under the 

mechanical force. A creased blank is generally folded to 90 ° or 180 °. Sometimes pre-

folding is done to reduce the bending resistance further. For example, traditional glued 

cartons have two creasing lines folded to 180 ° and are folded back to 90 ° during as the 

packaging containers. Foldability of the material is used to describe the folding. Good 

foldability is interpreted as that the blank can be formed to the required shape and 

dimensions for cartons or graphic products with the minimal spring-back force. 

(Creasability and foldability 2017.) The figure 46 shows the comparison of good and poor 

foldability. 

 

 

Figure 46. The comparison of good and poor foldability (Creasability and foldability 

2017). 

 

Good creasability can achieve foldability, which is low bending resistance in the creasing 

areas combined with high stiffness of the materials. The low bending resistance in the 

creasing areas ensures the low spring-back. And combined with the high stiffness can 

prevent the expansion of the carton side walls. The figure 47 shows the relationship 

between the creasing depth and foldability. As the creasing depth increases but without 

damage to the surface layer, the folding performance becomes better. The orientation of 

the fibres of the materials also complicates the foldability. This different folding 

performance between the MD and CD direction must be optimized based on the 

demanding applications. 
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Figure 47. The relationship between the creasing depth and foldability (Creasability and 

foldability 2017). 

 

3.4.2 The description of gluing 

The figure 48 shows the diagram of gluing operation. It is a simple operation but several 

factors can influence the quality of the gluing. There are two main influencing factors. 

Open time is decided by the machine and will affect the choice of glue type and glue 

required amount. And it could influence the selection of applicator and glue patterns. 

Pressure time must be sufficient before releasing the pressure to develop bond forms with 

satisfactory quality. (Gluing 2017.)  

 

 

Figure 48. The diagram of gluing operation (Gluing 2017). 

 

The types of glue must be suitable for the materials and the machine. In generally, the 

types contain water-soluble glues, dispersion glues or white glues, and hot melt adhesives. 

The function of the applicator is that applying the required amount of glue with precision 

in the right area of the material surface. The glue can be applied in different patterns based 

on the blank shape and the applicator. The figure 49 shows the examples of glue patterns. 

The types of applicator general contain finger applicator, wheel applicator and nozzle 
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applicator. (Gluing 2017.) For the gluing, it is necessary to make a compromise for the 

glue type, amount of glue and applicator through analyzing the material and design of the 

packaging products. 

 

 

Figure 49. The examples of glue patterns (Gluing 2017). 

 

3.4.3 The equipment used for folding and gluing 

In generally, most of the blanks that after the die cutting are formed to the required shape 

and dimensions by the automatic folder gluer machine. This kind of machine can 

manufacture various packaging types such as cartons, corrugated boxes, paper bags and so 

on. The figure 50 is an automatic folder gluer machine for cartons and corrugated boxes. 

The distinctive design of modulation structure can upgrade machine function based on 

requirements. The machine has the special equipped with paper regulator device and touch 

screen control plane. It is convenient for operators to remote control the start and stop of 

machine by the remote controller. (Hongjing Machinery 2017.) The specifications of the 

machine are shown in the table 7. 

 

 

Figure 50. Automatic folder gluer machine (Hongjing Machinery 2017). 
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Table 7. The specifications of the automatic folder gluer machine (mod. Hongjing 

Machinery 2017). 

Models 

 

Performance 

 

JC650 

 

JC850 

 

JC1100 

Max. sheet size 650700 mm 850900 mm 1100900 mm 

Min. sheet size 10050 mm 10050 mm 10050 mm 

Applicable materials Paperboard 250-800 g/m3, Corrugated board (Type F and E) 

Max. belt speed 450 m/min 450 m/min 450 m/min 

Machine length 16800 mm 16800 mm 16800 mm 

Machine width 1350 mm 1500 mm 1800 mm 

Machine height 1450 mm 1450 mm 1450 mm 

Total power 18.5 Kw 18.5 Kw 18.5 Kw 

Max. air displacement 0.7 m3/min 0.7 m3/min 0.7 m3/min 

Total weight 5500 kg 6000 kg 6500 kg 

 

The figure 51 shows a kind of machine for paper dish box forming that is manufactured by 

Ruian Huabang Machinery company. PLBM-A paper dish box machine adopts ceramic 

hot-air generator to seal the four corners of the box. It is suitable for the materials such as 

single polyethylene (PE) coated paper and double PE coated paper. The single-case paper 

dish box that is shown in the figure 52 can be manufactured after completing the whole 

processes which contain auto paper feeding, heating and shape forming, and auto transfer 

to the connection. It can make varied sizes of paper dish box and take-away box through 

exchanging dies. (Ruian Huabang 2017.) It is more convenient compared the common 

folder gluer machine because there is no gluing process. The specifications of the machine 

are shown in the table 8. 
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Figure 50. PLBM-A paper dish box machine (Ruian Huabang 2017). 

 

 

Figure 51. Paper dish box (Ruian Huabang 2017). 

 

Table 8. The specifications of PLBM-A paper dish box machine (mod. Ruian Huabang 

2017). 

Box Size Regular size (mold 

exchangeable) 

Total power 5 Kw 

Raw material PE/PLA coated paper 

(200-400 g/m3) 

Power source 220 V, 50 Hz or 

other required 

Working air source Air pressure: 0.8 Mpa 

Air out-put: 1 m3/min 

Overall 

dimensions 

165011502100 

mm 

Productivity 40-50 pcs/min Total weight 700 Kg 

 

3.4.4 Research status of folding and gluing 

In the process of folding carton processing, the crucial factors that contains production 

efficiency, carton type requirements, production costs and qualified rate should be 

considered. Based on this factors, companies and researchers have improved the process 

and equipment of the folding and gluing. The improved aspects about the process and 

equipment are described respectively in the following. 
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About the process, there are two main improvements. First, reasonable design of gluing 

area size. If the size of the gluing area is too large, it will cause waste of material. On the 

contrary, if the size of the gluing area is too small, the glue will be easy to overflow the 

scope of gluing area when the blank through the folder gluer machine, affecting the quality 

of carton appearance. In generally, the width of the wheel applicator for gluing is 5 mm, 

and the corresponding gluing area width can be designed as 15 mm. The glue viscosity 

used for nozzle applicator is lower compared to the glue viscosity used for wheel 

applicator. So, it is easier overflow the scope of gluing area and the corresponding gluing 

area width can be designed as 20 mm. Second, reasonable design of folding line. It can not 

only ensure that the folding line can be accurately recognized but also ensure the 

production of cartons and improve the efficiency of automatic folder gluer machine. For 

example, if the distance between the two folding lines is very close and spring-back force 

is similar, it is easy to recognize the wrong folding line during the process of folding and 

the folding line that does not need to be folded could be folded up. In this case, the folding 

line can be designed as a “creasing line + knife line” form that has lower spring-back force 

than the other folding line to distinguish folding lines and the carton can be accurately 

folded. (Lv 2016, p. 15.) 

 

About the equipment, the main trend is that the intelligence and multi-function of the 

equipment. A kind of folder gluer machine (II80 A2 CSM) that is manufactured by Bobst 

in Switzerland has the following improvements. First, the front part of the folder gluer 

machine is equipped with an online quality inspection system, which can check the blanks 

to ensure the product quality. The online quality inspection system adopts the high-speed 

camera and the advanced image processing software to ensure a high detection accuracy of 

color difference. Second, an online defective removing device is installed on the folder 

gluer machine, which can automatically eliminate defective cartons and ensure the quality 

of finished products. Third, the machine can adapt to a variety of special carton types 

production with high efficiency and reliable quality. (Ma 2013, p. 24.) 

 

With the change of the market environment and the increasing demand of the carton 

packaging enterprises, the automatic folder gluer machine would show some contemporary 

trends. It is mainly reflected in the following three aspects. 
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- High adaptability. It is mainly reflected in two aspects that is suitable for the 

diversity of materials and carton types. 

- High efficiency. It is reflected in higher production speed and higher automation 

level. Online quality detection device, online glue quantity detection device, online 

defective removing device and online bar code (or 2D code) identification device 

will be more and more popular, and some of them may even become the standard 

equipment for automatic folder gluer machine. 

- Integration. It means a whole packaging production line for cartons. For example, 

the blank feeding device, products receiving device, packing device and stacking 

device as the auxiliary equipment can be combined with the automatic folder gluer 

machine to achieve on-line. 

 

3.4.5 The existing problems of folding and gluing 

As the most mature and most used 3D forming method, there are still several existing 

problems for folding and gluing. Firstly, the qualified rate of packaging products still need 

to be improved. Secondly, the sensitivity of the detection system needs to be improved 

because of labors are needed for this task sometimes. Thirdly, the automation level needs 

to be further improved as the equipment cannot finish the folding and gluing for blanks 

with complex shapes like shown in the figure 52. However, with the developing packaging 

market, cartons with special shapes are more and more popular for the consumers and have 

the function of sales promotion. So, the technology and equipment for folding and gluing 

still need to be improved in the future. 

 

 

Figure 52. The cartons with special shapes (Zcool 2017). 
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Folding cartons are a main packaging form in the global packaging market. The market for 

folding carton continues to grow and is predicted to be worth 184000 million dollars in 

2018. The market for folding cartons is affected by five key trends, which is migration 

barriers, downsizing, single serve packs, printing techniques and smart packaging. 

(Smithers Pira 2017.) It is mainly needed to research and invent new fibre-based material 

with excellent properties for the trends of migration barriers and downsizing. For the trends 

of single serve packs, printing techniques and smart packaging, innovative technologies 

and equipment are more important. For example, digital printing is suitable for the 

personalized packaging designs and some equipment combined several functions such as 

folding, gluing and filling on the same machine. 

 

3.5 The forming of paper cups and similar structured containers 

In recent years, along with an increasingly rapid pace of life, disposable tableware arises at 

the historic moment such as disposable paper cup, paper bowl, ice cream cup, yogurt cup 

and cake cup are widely used in various food packaging. In order to meet the huge 

demands of paper disposable tableware growing, paper tableware processing equipment 

such as automatic paper cup forming machine with a large number of listed. The forming 

method of paper cups and similar structured containers is described in detail as the 

following. 

 

3.5.1 The principle and process of forming paper cups 

According to the domestic and foreign automatic paper cups forming machine that is 

commonly used, it is known that the paper cups molding machine basically has the 

following process that is the paper cutting, automatic paper feeding, cup body roll, bottom 

punching, sealing, pre-heating, main heating, bottom folding, bottom knurling, top rim 

lubricating, top rim curling, discharging and collecting. The figure 53 shows the general 

flow diagram of forming paper cups. The detailed information about the processes are as 

following. 
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Figure 53. Flow diagram of forming paper cups (High Born 2017). 

 

Phase 1 is paper feeding. The cup body blanks are arranged on the feeding frame of the 

paper cup forming machine. A suction cup is arranged at the lower part of the feeding 

frame to prevent the blank with double-layer or multi-layer. The raw material of cup 

bottom is usually in the form of drum. (Sun 2010, p. 8.) 

 

Phase 2 is cup body forming. Firstly, fan cup-body blank is fixed in the forming die along 

the position of generatrix. Then a pair of open arms handers will hold together on the 

forming die. Finally, thermal header is pressed on the longitudinal seam to seal. The 

position of the blank must be accurate, otherwise the following process and the quality of 

the paper cups will have an impact. (Sun 2010, p. 8.) 

 

Phase 3 is cup bottom forming. Firstly, the cup bottom is connected to the top surface of 

the die by a manipulator and it is positioned on the top surface by vacuum. Then cup body 

which has been formed and sealed is removed from the forming die is transferred to the die 

with a cup bottom. Thirdly, the cup body and cup bottom are combined by the punching 

and heating. Last step is the bottom knurling. The function of bottom knurling is that 

making the cup body and the cup bottom are tightly sealed and prevent water leakage. It is 

needed twice heating for the bottom of the paper cup before bottom knurling to ensure the 

safety and hygiene. The temperature of pre-heating for the lower half of the whole cup 
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body is 280 ºC and it has the function of disinfection. The temperature of main heating is 

commonly 180-200 ºC. (Sun 2010, p. 9.) 

 

Phase 4 is top rim curling. This is the last step of the process for forming paper cup. The 

top rim curling die is used to forming the top rim curling. (Sun 2010, p. 10.) And then the 

paper cup is discharged and collected.  

 

3.5.2 The equipment used for forming paper cups 

Disposable paper cups have experienced four stages of development from conical paper 

cups, wax paper cups, double straight wall paper cups to PE coated paper cups. Paper cup 

forming machine has also made great progress. In generally, paper cup forming machine 

must have the following four parts. 

- Cup body forming part. It comprises feeding frame for cup body blank, forming for 

cup body and transferring mechanism. 

- Paper cup forming part. It includes feeding frame for cup bottom, the frame for 

combining cup body and cup bottom and conveying and discharging mechanism for 

finished products. 

- Auxiliary machining part. It comprises several mechanisms for pre-heating, main 

heating, bottom knurling, top rim lubricating and top rim curling. 

- Transmission system. It includes motor, reducer and transmission system that is to 

ensure the power and speed. 

 

The figure 54 shows a kind of high speed paper cup forming machine with detailed paper 

forming structure. This RD-12/22-100A machine features two turn plates, an open 

intermittent indexing cam mechanism, gear transmission and a longitudinal axis structure. 

The entire paper cup forming machine features an automatic lubrication system, allowing 

all mechanical parts to run smoothly. The cup side sealing is done by both hot air and 

ultrasonic to ensure the side sealing stability, and the bottom sealing is carried out using a 

hot air device. Cup top rim curling has two steps, rotary curling and heating figuration, 

which makes the curling more stable and with better appearance. The cup forming machine 

with a PLC control system and sensor failure detection improves overall operation safety 

while simultaneously reducing labor costs. It is also easy to make cups with varied sizes by 

changing dies. (Ruida 2017.) The specifications of the machine are shown in the table 9. 
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Figure 54. High speed paper cup forming machine (Ruida 2017). 

 

Table 9. The specifications of high speed paper cup forming machine (mod. Ruida 2017). 

Cup size 6-12oz, 12-22oz Speed 80-100 pcs/min 

Maximum cup 

dimensions 

Top diameter, 105 mm  

Cup height, 170 mm 

Bottom diameter, 80 mm 

Minimum cup 

dimensions 

Top diameter, 55 mm 

Cup height, 60 mm 

Bottom diameter, 45 mm 

Total power 10 Kw Power supply 380 V or 220 V, 50 HZ, 

3 PH 

Compressor air 0.4 m3/min Total weight 3100 Kg 

Paper material 180-380 g/m3 single or 

double PE coated paper 

Overall 

dimensions 

273016601800 mm 

 

The figure 55 shows a Callipo tube forming machine that is manufactured by Ruian 

Mingbo Machinery Company. The shape of finished product that is shown in the figure 56 

is different from the traditional paper cups as the cup bottom is sealed directly without cup 

bottom materials. The machine can automatically feed paper fan and cut the bottom to be 

curve. The cup side sealing and bottom sealing are done by ultrasonic wave. And finished 

tube can be transferred automatically to the photoelectric cell test. The specifications of the 

machine are shown in the table 10. 
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Figure 55. MB-T09 Callipo tube forming machine (Ruian Mingbo 2017). 

 

 

Figure 56. Callipo tube (Ruian Mingbo 2017). 

 

Table 10. The specifications of Callipo tube forming machine (mod. Ruian Mingbo 2017). 

Raw material Single side and double side PE 

film coated paper (170-250 

g/m3) 

Speed 40-50 pcs/min 

Total power 5 Kw 

Overall 

dimensions 

226010301900 mm Maximum cup 

top diameter 

50 mm 

 

Maximum 

cup length 

200 mm Power source 220 V AC 

Angle 2-4 ° Weight 1200 Kg 

 

3.5.3 Research status of forming paper cups 

The widely-used paper cup forming machine in China is designed and manufactured 

almost based on the paper cup machine that imports from South Korea. The kind of 

forming machine is vertical type which means paper cups in the production process is 

mainly in the vertical state. And it has the advantages of simple structure, stable 

performance, low power consumption, high efficiency, convenient operation and low cost. 
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It also plays a significant role in the beginning stage of the paper cup industry in China. 

With the gradual increase of foreign investment, domestic enterprises in China accelerate 

the speed of reform and reorganization. With the development of packaging machinery 

industry, the corresponding advanced technology has also been applied in paper cup 

forming machine such as automatic flexible compensation technology, remote control and 

monitoring technology and cold sterilization technology. (Lin 2012, p. 3.) 

 

Whether from the structure design to the manufacturing cost, or from the production 

process to the performance of the mechanism, the paper cups forming industry in Germany 

and the United States are the front-runner status. Italy, the United Kingdom and Japan have 

a higher level in the paper cup forming industry as well. Most of the paper cups forming 

machine is horizontal in these countries. The horizontal type means that paper cups in the 

production process has always been in a horizontal state. The production efficiency is 

higher and cost is lower compared with the cup forming machine in China. For example, 

the speed of the paper cups forming machine designed and manufactured by Paper 

Machinery Corporation in the United States can be up to 350 pcs/min. (Lin 2012, p. 4.) 

 

The types of paper cups are increasing with the expansion using of paper cups and the 

continuous improvement requirements of consumers. Accordingly, the paper cup forming 

machine has become increasingly high speed and automation. In the automation of paper 

cup forming machine, the main development directions are as following. 

- The automatic supply and conveyance for the raw materials, waste and finished 

products. 

- The automatic coordination of the single machine, the combined machine and the 

operation line and the automatic processing of the fault and the replacement 

products. 

- The automatic detection of the quality of the paper cups as well as the automatic 

rejection of substandard products by non-contact and non-destructive ways. For 

example, the use of graphic recognition technology can automatically detect the 

shape of a variety of paper cups, surface defects and labeling conditions. The paper 

cup forming machine can automatically adjust the relevant parameters to maintain 

the normal working conditions. 
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- In order to meet the practical needs of the development of multi variety and small 

batch packaging, it is important that strengthen the integration of mechanical and 

electrical as well as a new generation of flexible automatic paper cup forming 

machine and automatic production line.  

(Lin 2012, p. 6.) 

 

3.5.4 The existing problems of forming paper cups 

With the deepening of the market and the expansion of the use of paper cups and user 

requirements, the common used paper cup forming machine exposes several shortcomings 

such as low production efficiency and minor changes in the cup shape scopes. Based on 

this background, the paper cups forming machine tends to develop in the direction of 

automation, high productivity, good reliability and high flexibility. 

 

However, it is the high productivity and good reliability, which seriously restricts the 

development of high speed paper cups forming machine. Because an important way to 

improve productivity is to improve the speed of the paper cups forming machine which is a 

complicated process. The higher the speed, the failure rate of the mechanism or the parts 

will also be increased, the stability of the structure will be reduced accordingly, so that the 

efficiency is reduced. Therefore, it is very important to find out the optimal combination of 

high productivity and good reliability to satisfy the normal operation of the mechanism and 

guarantee the reliability and stability of the mechanism. 
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4 RESULTS AND DISCUSSION 

 

 

Several common 3D forming methods and equipment for fibre-based materials are 

described in the chapter 3 based on the previous research and company information. It 

contains such as the principle and explanation of the method, the processes of the method 

and the equipment used for the method. A summary of the 3D forming methods and the 

main results are presented in this chapter. 

 

4.1 Key findings 

The pulp molding, thermoforming, folding and gluing, paper cups forming and the basic 

process of die cutting are described in the chapter 3. These diverse methods have their own 

properties and application area. The table 11 presents a rough comparison of the 3D 

forming methods described in the chapter 3. 

 

Table 11. A rough comparison of the 3D forming methods for fibre-based materials (mod. 

Chen et al. 2011, p. 61; Nilsson et al. 2012, p. 751; Lin et al. 2010, p. 175; Han & Lu 2010, 

p. 138; Lv 2016, p. 15). 

Method Advantages Disadvantages Main 

equipment 

Materials Applications 

Pulp molding Diverse 

shapes.  

Directed 

forming. 

Widely 

used 

method. 

Slower 

production 

speed. 

Poor 

appearance. 

Much energy 

consumption. 

Longer design 

cycle. 

Hydrapulper. 

Pulp molding 

machine 

(rotary or 

reciprocating). 

 

Recycle 

waste 

paper. 

Fibre 

(pre-

consumer 

recovered 

or 

renewable 

native). 

Pulp 

molding 

products for 

cushioning 

packaging 

and 

disposable 

tableware. 
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Table 11 continues. A rough comparison of the 3D forming methods for fibre-based 

materials (mod. Chen et al. 2011, p. 61; Nilsson et al. 2012, p. 751; Lin et al. 2010, p. 175; 

Han & Lu 2010, p. 138; Lv 2016, p. 15). 

Method Advantages Disadvantages Main 

equipment 

Materials Applications 

Thermoforming 

(Form-fill-seal) 

The fastest-

growing 

method. 

 

Complex 

control and 

detection 

system. 

Vertical 

FFS 

machine. 

Horizontal 

FFS 

machine. 

Plastic-

coated 

paper. 

Diverse 

types of 

pouches for 

consumer 

packaging. 

Folding and 

gluing 

Wide range 

of 

materials. 

The most 

mature 

method. 

Not suitable 

for complex 

shapes. 

Longer design 

cycle. 

Folder 

gluer 

machine. 

Paper dish 

box 

machine. 

Kraft 

paper, 

carton 

board, 

corrugated 

board. 

Plastic-

coated 

paperboard. 

Diverse 

types of 

cartons for 

consumer 

packaging. 

Diverse 

types of 

boxes for 

fast-food 

chains. 

Paper cups 

forming 

High 

production 

speed. 

Complex 

control and 

detection 

system. 

Paper cup 

forming 

machine. 

Callipo 

tube 

forming 

machine. 

PE-coated 

paper. 

Paper cups 

and similar 

structured 

containers 

for fast-food 

chains. 

 

Whether from the structure design to the manufacturing cost, or from the production 

process to the performance of the mechanism, the packaging machinery industry in 

Germany and the United States are the front-runner status. Italy, the United Kingdom and 

Japan have a higher level in packaging machinery industry as well. Through the summaries 



71 

 

and analysis of the equipment for diverse 3D forming methods in China and comparing 

with the advanced level equipment, the advanced equipment shows the following trends 

and characteristics. 

- The automation level of packaging equipment is getting higher and higher. With the 

emergence of a variety of products, packaging technology and packaging 

equipment are put forward new challenges. Packaging automation technology is 

playing an increasingly crucial role. The development of multi-functional, high 

efficiency, low consumption packaging equipment is the way to improve market 

competitiveness. 

- Packaging equipment has good flexibility. Flexibility includes flexible production, 

flexible construction and flexible delivery. The use of microcomputer technology, 

modular technology and unit combination improves flexibility of packaging 

equipment. 

- High production efficiency and low process cost of packaging equipment. An 

important way to improve productivity is to improve the speed of the packaging 

equipment which is a complicated process. The higher of the speed, the failure rate 

of the mechanism will also be increased, the structure stability will be reduced 

accordingly, so that the efficiency is reduced. So, it is necessary to make a 

compromise between the high production efficiency and the reliability of the 

equipment. The detection and control system is also a crucial part for the packaging 

equipment to improve the reliability. 

- The design and development cycle of new products is shorter. With the widespread 

application of CAD and simulation design technology in the design of packaging 

machinery, the design and development cycle of new products becomes shorter. 

The software can conduct motion simulation operation based on the actual working 

condition of packaging equipment, and the feasibility of production efficiency and 

production process as well as the problems encountered during the process can be 

saved and displayed.  

- Complete supply capacity of the manufacturer. A supplier can provide users with 

engineering design, installation, commissioning, user acceptance and maintenance. 

There are hundreds of microcomputers and control software on a packaging 

production line, which can be used for different purposes and some of them have 

universal property. 
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4.2 Generalization and utilization of the research 

The material group of fibre-based materials is widely used in packaging industry because 

of its desirable properties like recyclability, biodegradability, good printability and 

renewability. There are a lot of researches have been done about the properties, 

manufacturing process and treatments, and applications of the fibre-based materials. 

However, there is little systematic and comprehensive research about 3D forming of the 

fibre-based materials. So, the thesis summarizes several common 3D forming methods and 

equipment in China for diverse fibre-based materials based on previous research and 

company information. It includes the principle of the method, the forming process of the 

method, which material or materials are suitable for the method, the research status of the 

method, and the existing problems of the method. 

 

The thesis gives a relatively comprehensive summary about the 3D forming methods and 

equipment for fibre-based materials. It gives readers an explanation of different 3D 

forming methods and equipment and some instructions about how to select 3D forming 

methods based on different fibre-based materials. Some advanced technologies are 

introduced and the existing problems of the different methods are mentioned to provide the 

basis and direction for the research and improvement in the future. 

 

4.3 Topics for the future research 

Due to the limited literatures in this research area and the differences of research status 

between China and other countries, the final content of the thesis is not very complete. In 

this thesis, the factors that influence the final 3D packaging products are mentioned 

marginally and only the common 3D forming methods and equipment are introduced. 

Therefore, the influencing factors such as the materials properties, the parameters of the 

process and rationality of shape design can be as one topic for the future research. Also, the 

advanced and sustainable 3D forming methods and equipment like press forming, deep 

drawing and matched mould forming are another research topic in the future. 
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5 CONCLUSION 

 

 

Fibre-based materials is a material group that contains many varied materials such as paper, 

paperboard, pulp molded material, corrugated board and fibre-based composites and is 

widely used in packaging and printing industry with the various packaging types.  How 

does these different packaging types are manufactured and what kind of 3D forming 

methods and equipment are used? The thesis is focused on these questions to introduce 

different 3D forming methods and equipment. 

 

Pulp molding is an easy method to form pulp molding products with various shapes such 

as plate, tray and cushioning pad. The appearance of the products can be improved and the 

large energy consumption of the process must be decreased in the future studies. 

Thermoforming (form-fill-seal) is a fast-growing forming method and widely used with 

plastic-coated paper for the manufacturing of pouches. The detection and control 

technologies used for the equipment can be improved in the future studies. Folding and 

gluing is the most common forming method and suitable for various fibre-based materials 

to form different packaging types like cartons, bags and boxes, but the automation level for 

carton with complex shapes need to be improved. Paper cups forming method is mainly for 

the forming of paper cups and similar structured containers. The automation level of the 

equipment is relatively high but the production efficiency, and control and detection 

system need to be improved in the future. Die cutting is also mentioned and the digital die 

cutting and laser die cutting would have an improvement in the future.  

 

The development of packaging industry in China is relatively late. There is still a great gap 

for packaging machinery in China comparing with advanced countries and regions like 

Germany and the United States. Although the equipment manufactured by China is 

economical, the automation level, flexibility, production efficiency and low energy 

consumption of the packaging equipment must be improved to promote market 

competitiveness. And advanced methods and technology should be adopted for the 3D 

forming of fibre-based materials. 
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APPENDIX I 

The diverse types of die-cutting machine (mod. Kang 2011a, p. 75; Qi 2010, p. 36; Kang 

2011b, p. 70). 

Classification Advantages Disadvantages Applications Common 

type 

Vertical 

flatbed die-

cutting 

machine 

a. Mechanical 

structure is 

simple. 

b. Easy to 

operate.  

c. Creasing lines 

is clear and wide 

range of 

thickness of 

materials. 

d. The price of 

equipment is 

relatively low. 

a. More labor 

work. 

b. Lower accuracy 

and production 

efficiency. 

c. poor production 

performance. 

d. Product quality 

is not stable. 

Small batch 

production of die 

cutting products. 

PYQ402

PYQ880 

MLB880 

PYQl300 

Horizontal 

flatbed die-

cutting 

machine 

a. High degree of 

automation. 

b. Higher 

accuracy and 

production 

efficiency. 

c. Wide scope of 

application and 

great market 

potential. 

a. The price of 

equipment is 

relatively high. 

Large batch 

production of die 

cutting and hot 

stamping for 

cartons, color boxes 

and other products 

with high accuracy. 

OY401C 

MY820 

Flatbed 

cylinder die-

cutting 

machine 

a. Pressure is 

relatively 

concentrated and 

uniform. 

b. High quality 

of products. 

a. Not suitable for 

die cutting of 

corrugated boxes 

and corrugated 

carton. 

b. Not suitable for 

the products with 

complex structure. 

The machine is 

often used in 

finishing production 

of cigarettes, 

cosmetics, album 

covers, electronics, 

pharmaceutical 

packaging, paper 

bags and other 

products. 

MY401 

SBBS 

SBDS 

Rotary die-

cutting 

machine 

a. Pressure is 

concentrated and 

uniform. 

b. High accuracy 

and production 

efficiency. 

 

a. The processing 

cycle of die 

cutting roller is 

longer. 

b. Large 

investment in 

production 

process. 

Large batch 

production of die 

cutting products 

with high-end and 

fixed specifications. 

Most are used in the 

production of 

cigarette packets. 

GY1200 

TB-1200 

TB-1600 

 


