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Abstract. 3D printing is continuing to claim its place in the history of manufacturing. Due to the traits 
of personalized and diversified design, it has become a research direction in the development field 
of many fields at present, but manufacturing precision and strength still need to be improved. This 
paper systematically reviews the relevant research literature in recent years and provides the policy-
making enterprise and academic community with the recent application scenarios, technical 
characteristics, development trends and obstacles of 3D printing in the toy industry. Evidence 
suggests that 3D printing is disrupting traditional toy production, revolutionizing production methods 
and business models by way of personalisation, rapid prototyping and educational uses of the 
technology. In this study, based on the four dimensions of technological basis, current deployment, 
future development and challenges, a comprehensive analysis is performed to provide a theoretical 
reference for the further development of the industry.The findings offer valuable insights for 
stakeholders aiming to leverage additive manufacturing to drive sustainable innovation and 
competitive advantage in the toy sector. 
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1. Introduction 

Additive manufacturing (3D printing) is key to the fourth industrial revolution, and one of the most 

important technologies driving that revolution. It has transformed the way things are made in business 

and done in business, in no small way. Jayakrishna et al. say that 3D printing is a game-changing 

technology that is transforming everything from how things are made to how businesses operate. The 

toy business is becoming a big industry for 3D printing because it always has to be a new idea and 

always a quick change [1]. 

The traditional toy manufacturing industry has a lot of problems, such as products that are too 

similar, long development cycles, and a lot of pressure to keep inventory.  3D printing technology 

has some unique technical benefits that could help the toy industry grow in new ways.  

Advancements' research shows that this flexible technology can be used to make many different 

things, including clothing, food, toys, complex parts for airplanes, and even whole rocket bodies and 

engines [2]. This paper seeks to thoroughly analyze the current utilization, developmental trajectories, 

and future potential of 3D printing technology within the toy industry, offering significant insights 

for researchers and professionals in the field. 

3D printing produces complex structures by adding layers, so it avoids the need for molds. This 

reduces the investment required at the start, but still enables the development of very sophisticated 

products. 3D printing became increasingly prominent in a variety of industries, including toys, and 

the toy market began expanding again in 2025. For traditional toy production, most of this is done 

using molds and injection molding, but as the demand for personalized toys grows, 3D printing is 

creeping its way into the toy market. In 2023, $500 million of toys are purchased globally that are 

printed on demand. By 2030, it is on pace to exceed $1.105 billion. The Chinese market has developed 

rapidly in recent years in various parts of the country. Consumer can cut the cost of buying toys by 

40% to 90% i.e. by producing their own with 3D printer instead of buying. 

Moreover, the 3D printing process enhances children's spatial imagination, spatial rotation, and 

visualisation abilities, while fostering critical thinking and iterative design skills. Given the frequent 
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updates in toy varieties, coupled with pressures for innovation, diversity and persistent supply chain 

challenges, 3D printing technology may emerge as a mainstream trend within the toy industry. 3D 

printing technology faces multifaceted challenges, including design precision, material performance, 

production efficiency, and functional integration. Despite the potential for customization and 

sustainability in toy production, when comparing both injection molding and 3D printing, FDM is 

favourable for small-scale production. Above a volume of parts threshold, injection moulding 

becomes economically feasible, enabling higher precision and strength than FDM. From process 

optimisation, FDM parameter tuning and investigating new combinations of composite materials 

through to smart design, the industry requirements of innovation lie predominantly in pushing the 

boundaries when it comes to manufacturing accuracy and tensile strength but also the creation of 

green, functional materials. These instructions serve to not only overcome current technical 

bottlenecks but also require overall technical breakthroughs to achieve functional innovation, an 

important element of innovative toys. This systematic analysis of the current practices and the future 

of 3D printing in the toy industry can clarify the technological innovation trajectory and market 

opportunities for the industry. It lays to the industry entering a phase of high-quality development 

and sustainable and intelligent transformation. 

2. The Application and Development Prospects 

2.1. Theoretical Foundations of 3D Printing Technology in the Toy Industry 

2.1.1 Fundamental Principles and Characteristics of 3D Printing Technology 

As an advanced manufacturing method, 3D printing fabricates three-dimensional parts by stacking 

up materials according to 3D CAD data. According to Sansare, techniques like Fused Deposition 

Modelling (FDM) – which 3D prints toy prototypes, for example, by selectively depositing material 

layer-by-layer - are indeed the workhorses of this cutting-edge wave in digital manufacturing. This 

approach optimises resource utilisation by minimising material wastage [3]. 

UnionTech analysis indicates that the advantages of 3D printing technology are primarily 

manifested in streamlining production processes, enabling mould-free production, accelerating new 

product development and launch cycles, and reducing overall product costs [4]. Its forming principle 

involves additive processing through layered processing and stacked moulding. The required raw 

materials and energy are only one-tenth of those needed for traditional production methods. 

Furthermore, the production process is unaffected by product structure, allowing the printing of any 

curved surfaces and hollow products, thereby increasing possibilities for personalised and customised 

production. 

2.1.2 Alignment of 3D Printing Technology with the Toy Industry's Specific Requirements 

The modern toy industry is characterised by short product lifecycles, diverse consumer demands, 

and stringent safety requirements. Research by Galvañ[5] at the AIJU Technical Institute explored 

the potential of additive manufacturing within the toy sector and the impact of current safety 

regulations. 3D printing technology effectively addresses these specific industry needs. 

Firstly, in product innovation, 3D printing rapidly materialises design concepts, significantly 

shortening development cycles. Secondly, for personalised customisation, it enables small-batch or 

even single-unit production at relatively low cost. Thirdly, in educational applications, 3D-printed 

toys stimulate children's creativity and spatial reasoning skills. 

2.2. Primary Applications of 3D Printing Technology in the Toy Sector 

2.2.1 Rapid Prototyping and Product Development 

In the field of toy product development, rapid prototyping is one of the pioneering, and the most 

mature application of 3D printing technology. Its use in ease of printing figurines and models and 

plastic electronics enclosures is the biggest advantage for toys and games[6]. Using 3D printing 

technology, designers can create concept models, functional prototypes, rapid tooling, low-volume 
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production parts and use additive manufacturing to advance their design and production with help 

directly from their desktop. 

In traditional process of toy development from design drawing to physical prototype usually take 

weeks or months. This process of birth and death might be brought down to a matter of hours or days 

using 3D printing. The speed of use of this quick iteration allows design teams to test many design 

iterations in a short amount of time, leading to more efficient and successful product development. 

2.2.2 Personalisation and Mass Customisation 

Mould personalisation is one of the most innovative uses of 3D Printing in the toy industry. Little 

You employs 3D-printed toys. Using a variety of machines designed for material jetting, it’s usually 

used for artistic work and is a great choice for good quality end parts and is ideal for mixing colours 

and compounds. 

Research by Sculpteoindicates that for toys, 3D printing can be employed to repair items, create 

replacement parts, or produce bespoke toys[7]. This serves as a means to recreate and restore vintage 

toys. Most often, such replacement parts are unavailable or not produced individually. This capability 

offers consumers unprecedented product personalisation while simultaneously opening new business 

models for manufacturers. 

2.2.3 Educational Toys and STEAM Education 

The application of 3D printing technology in educational toys holds particular significance. 

Traditional educational toys are often static, standardised products, whereas 3D printing enables the 

creation of dynamic, customisable educational tools. LinkedIn Project Listings reference research 

investigating 3D printing for educational tools and toys, such as teaching models and games[8]. 

Educational toys produced via 3D printing not only impart traditional subject knowledge but also 

engage children in the design and fabrication process, fostering creativity, spatial reasoning, and 

engineering thinking. This ‘learning by doing’ approach aligns closely with modern STEAM (Science, 

Technology, Engineering, Arts, Mathematics) educational principles. 

2.2.4 Industrial Chain Restructuring and Business Model Innovation 

3D printing technology is reshaping the traditional toy manufacturing chain. Research by Digital 

Engineering indicates that to effectively employ additive manufacturing in toy production, 

manufacturers must design hardware, software, and materials to function synergistically[9]. Without 

harmonious integration of these elements, production cannot achieve the seamless, high-quality, and 

sufficiently rapid output required for mass customisation. 

Traditional toy manufacturing relies on mass production to spread costs, whereas 3D printing 

enables small-batch production and even economically viable single-unit manufacturing. This shift 

not only transforms production models but also fosters new business models such as on-demand 

production and personalised customisation services. 

2.3. Technological Trends and Innovation Directions 

Advancements in 3D printing material technology are pivotal to driving its application within the 

toy sector. Currently, materials suitable for toy manufacturing primarily encompass thermoplastics 

such as PLA, ABS, and PETG, alongside certain specialised functional materials. The application of 

3D printing materials within Industry 4.0 continues to expand. Future development must focus on 

creating more dedicated materials compliant with toy safety standards. Secondly, the development of 

functional materials—such as those possessing antibacterial, flame-retardant, or conductive 

properties—will provide technical support for the advancement of smart toys [10]. 

Improvements in printing accuracy, speed and stability are main directions of the development of 

the technology. The development of multi-color and multi-material printing methods make the 3D-

printed toys more composited structures and have richer visual impression. At the same time, new 

tools for large-format printing mean there will also be potential to manufacture him larger-than-life. 
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In the context of the further implementation of the Industry 4.0 theory, the use of 3D printing 

technology combined with artificial intelligence, IOT and other technological means will lead toy 

manufacturing one step ahead toward the “more intelligent” level. 3D printing in twelve industries 

reveals how the technology is driving forward the digital revolution in manufacturing. By 

optimization of the design and automated production scheduling of the production based on the data, 

the production effect and product quality can be improved. 

2.4. Challenges and Constraints 

Regulations relating to 3D printing activities, materials, and products, are few and far between; 

just last year, the FDA released a draft guidance on additively manufactured medical devices, even 

after approving over 85 applications for such devices. For manufacturers, regulations will come, 

along with the processes to meet them, but education and self-regulation will be the best long-term 

guarantors of facility, process, and product safety. 

Toy products have higher safety requirements than ordinary consumer goods, and include material 

safety, structure health, dimensional accuracy and other aspects. The lack of specific, tailor-made 

norms concerning toys made of 3D-printed materials does not make it easy for the industry to fully 

exploit this technology on a massive commercial scale. 

While 3D printing brings some benefits in short run production, it has been difficult to match the 

cost and efficiency that can be provided by traditional manufacturing techniques at high volume 

production. Manufacturers are simply analysing whether the benefits of 3D printing are greater than 

the economics long-run of traditional manufacturing. Equipment investment, material cost and labour 

cost inluence the market competitiveness of 3D-printed toys. 

2.4.1 Intellectual Property Protection 

The ease of replicating digital design files presents new challenges for intellectual property 

protection. Balancing the opportunities 3D printing offers the toy industry with safeguarding 

designers' rights remains a critical issue for the sector's development. 

The stability and consistency of 3D-printed product quality remain technical challenges. Analysis 

of technological, material, and market trends in 3D printing applications indicates that quality control 

is one of the key challenges. Products manufactured across different batches or on different equipment 

may exhibit quality variations, making the establishment of an effective quality control system a 

critical issue for industry development. 

2.4.2 Development Prospects and Trend Forecasts 

In the coming years, as technological maturity advances and costs continue to decrease, the 

application of 3D printing technology in the toy sector will gradually expand from its current niche 

market into the mainstream. Particularly within specialised segments such as high-end customised 

toys, educational toys, and small-batch distinctive toys, 3D printing is poised to occupy a significant 

position. 

Future 3D printing will integrate deeply with other emerging technologies, forming a more robust 

technological ecosystem. Artificial intelligence applications will enable design automation; the 

incorporation of Internet of Things technology will facilitate networked connectivity for smart toys; 

and the convergence of virtual reality and augmented reality will create entirely new gaming 

experiences. 

3D printing will drive the restructuring of the toy industry ecosystem. The traditional linear 

‘design-production-sales’ model will shift towards a networked ‘platform-ecosystem-service’ 

paradigm. Consumers will evolve from mere product purchasers to design participants and content 

creators. 

Environmental protection and sustainable development are the main directions for the future toy 

industry. Additive manufacturing has great development value in the direction of sustainability. The 

production mode based on demand in 3D printing helps to reduce excessive production and waste of 
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inventory. At the same time, the development and use of recyclable materials help to maintain the 

environmental image of the toy industry. 

3. Conclusion 

Initially, 3D printing technology has begun to find small-scale applications within the toy sector, 

commencing with model design, with particular advantages emerging in personalised customisation 

and educational intellectual development. Furthermore, as materials and printing processes continue 

to undergo optimisation and intelligent manufacturing elements are incorporated, the influence of 3D 

printing in toy design, production, and application is progressively expanding. Whilst challenges 

persist in standard formulation, cost control, and intellectual property issues that require resolution, 

with technological maturation and the concomitant refinement of relevant legislation and regulations, 

these concerns shall be addressed systematically in due course. 

Nevertheless, research in this field remains deficient in several respects, notably inadequate 

assessment of long-term industrial impact and insufficient consumer acceptance survey data. Future 

endeavours should address the following considerations: firstly, further evaluation of the supply chain 

viability within the 3D printed toy industry; secondly, enhanced assessment of the safety implications 

of novel materials and processes; thirdly, exploration of sustainable business models; and fourthly, 

the establishment of comprehensive technical standards and evaluation frameworks. 

Overall, 3D printing technology has created unprecedented opportunities for the toy industry. 

Despite confronting numerous challenges, its developmental prospects remain exceptionally 

promising. Through collaborative efforts amongst various stakeholders—including enterprises, 

academic institutions, and research and development organisations—this technology is anticipated to 

achieve broader industrial application within the forthcoming years, thereby making substantial 

contributions to the transformation, upgrading, and sustainable development of the toy industry. 
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