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Abstract: UV printing is a technology for printing full-color images on flat surfaces. It is widely applicable to 

various materials, including wood, leather, plastic, silicone, metal, and others. The technology enables exceptionally 

detailed and high-quality printing. One of the key advantages of UV printing is its ability to be applied to a wide 

range of materials, making it exceptionally versatile. When it comes to printing on flat surfaces, this technology 

provides great freedom and flexibility in the manufacturing process. The maximum printing area that the machine 

can cover depends on the specific model and technical specifications, allowing for adaptation to different projects 

and requirements. One of the key aspects discussed in this article is the method of precision in printing on the object. 

The use of templates and minimizing deviations during positioning are crucial for achieving high accuracy in 

printing. Attention to detail and minimizing deviations play a crucial role in ensuring a quality and professional 

appearance of printed products. The article highlights the possibility of optimizing the manufacturing process 

through the application of templates and matrices. This approach can significantly increase work efficiency by 

allowing the simultaneous printing of multiple objects on the same plane with identical print positions. Such a 

method leads to increased profitability in mass production and underscores the flexibility and innovations that UV 

printing offers in the field of printing technologies. UV printing technology offers a wide range of applications 

across various industries. One of the primary areas of application is in advertising and marketing, where it can be 

used to create full-color advertising materials on different surfaces. In the manufacturing sector, UV printing is 

applied to personalize products. For example, it can be used for printing on wooden or metal items, leather 

accessories, plastic parts, and other products. This personalization contributes to increasing the value of products 

and enhancing the consumer experience. These are just some of the areas where UV printing technology can be 

successfully applied. With the development of technologies and the search for new creative uses, the possibilities for 

application continue to expand. The research support understanding of printing industry, showing practical 

experience that can enhance operational efficiency and product quality. By delving into the precision aspects of UV 

printing through the utilization of templates and matrices, the study provides a gain knowledge for stakeholders to 

optimize their manufacturing processes. Stakeholders, including manufacturers and printers, stand to benefit from 

increased work efficiency and reduced production costs, particularly in mass production scenarios where 

simultaneous printing on multiple objects with identical positions becomes feasible. The research underscores the 

adaptability of UV printing technology to diverse materials, reinforcing its applicability in various industries such as 

advertising, marketing, and personalized product manufacturing. As a result, stakeholders can leverage this 

experience to enhance the quality of their printed products, increase profitability through streamlined processes. 
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1. INTRODUCTION 

UV printing is a technology that uses ultraviolet light to cure the ink immediately after its application on the material 

(Iftekar et. all, 2023, Jakopčević et. all, 2023). This process ensures the rapid and efficient creation of printed images 

with high resolution and color saturation (Fig. 1). The goal of this article is to explore the possibilities for optimizing 

printing processes by examining the use of matrices and templates. The purpose of the research is in accordance 

with the established standards of Industry 4 and the transition to Industry, in the context of human factors and 

collaboration with modern state-of-the-art technologies (Dovramadjiev et. all 2023, Maware and Parsley, 2023,  

Rupp et. all, 2021,). Industry 4.0, with its emphasis on automation, connectivity, and data exchange, underscores the 

importance of aligning technological innovations with human capabilities and comfort (Villalba-Diez and Ordieres-

Meré, 2021). The strategic utilization of matrices and templates in UV printing not only streamlines production but 

also harmonizes with ergonomic principles, fostering a work environment that prioritizes worker health and 

productivity (Pagac et. all, 2021). Looking towards the emergence of Industry 5.0 (Alojaiman, 2023, Chivilò and 

Meneghetti, 2023,  Pizoń and Gola, 2023, Zizic et. all 2022), which accentuates human-machine collaboration and 

cognitive technologies, underscores the significance of human factors in UV printing. The relationship between 



KNOWLEDGE – International Journal                                                                                                                      

Vol.62.3 

 
346 

humans and machines necessitates ergonomic design considerations that optimize human-machine interactions, 

mitigate fatigue, and enhance operational fluidity. By integrating ergonomic principles into UV printing processes, 

manufacturers can harness the full potential of Industry 5.0 while ensuring the well-being and satisfaction of their 

workforce. In this multifaceted context, the exploration of matrices and templates in UV printing extends 

technological enhancement applications (Liu et. all, 2023, Sang et. all, 2020). It approach that recognizes the 

symbiosis between technology, human factors, and industry evolution. Through a nuanced understanding of 

ergonomics and its integration into UV printing methodologies, manufacturers can optimize efficiency and quality 

while cultivating a work environment that fosters creativity, innovation, and human flourishing. Thus, this article 

seeks to delve into the intricate interplay between technology, human factors, and industry paradigms, offering 

perspectives that pave the way for a future where excellence in UV printing aligns seamlessly with sustainability, 

efficiency, and human-centric innovation. 

 

Fig. 1. Example of UV Printing Process 

 

2. MATERIALS AND METHODS 

UV printing offers the capability for precise and detailed printing on various surfaces, providing resistance to wear 

and washing. It is highly versatile, as it can be applied to diverse materials, including wood, leather, plastic, silicone, 

metal, and more. This versatility makes the technology suitable for various industries and applications, fostering 

creativity and innovation. The ability to print on a variety of materials makes UV printing suitable for advertising, 

marketing, personalized product manufacturing, and other areas that require flexibility and high print quality. 

UV printers can have different maximum print areas depending on the machine model. In this article, the Mimaki 

UJF 3042 model is used as an example, featuring a flatbed with a maximum print area in A3 format and a maximum 

object height of up to 153 mm. The maximum print resolution is 1200 dpi, allowing for detailed and precise printing 

of full-color images or graphics. UV printing supports both raster and vector graphics, expanding the technology's 

applicability for a variety of projects. There are several steps through which one needs to proceed timely in the 

process( Fig. 2)  

Fig. 2. Methodology of UV printing process 

 

 

 

The technology enables printing in white on the object, eliminating the need for a white base on the media. This 

allows for printing full-color images even on objects with a black or different-colored base without affecting the 

colors of the print itself. Flatbed printers print only in a single plane, with the highest point of the object being the 

determining factor. This non-rotational printing method limits the print area to the highest point of the object, for 

instance, when printing on a bottle, the print area closely follows the highest part of one of its sides (Fig. 2). An 
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additional feature of UV printing is the application of selective varnish. Selective varnishing in UV printing is a 

process where varnish is applied to specific parts of the printed surface, creating an accentuating effect or providing 

protection to particular elements. This method contributes to enhancing the visual impact of the print and delivering 

additional functionality (Nikolova and Murzova, 2015). The varnish is applied only to pre-defined areas of the 

surface, creating a selective effect. It is possible to adjust the intensity of the varnish based on desired visual and 

functional effects. Selective varnishing in UV printing offers opportunities for creativity and personalization, further 

emphasizing the visual aspect of printed products and providing protection to specific areas (Fig. 3). 

 

Fig. 3. Printing on a bottle with the print placed on the highest flat surface of the object 

Fig. 4. Printing a logo on a silicone phone case by adding selective lacquer 

 

3. RESULTS 

 The printing area can be significantly larger than the object's area, and if not utilized efficiently, this can lead to a 

waste of time and resources, consequently reducing the process's effectiveness and affecting its profitability. That's 

why, in this case, matrices and templates can be applied to enable mass printing of multiple objects simultaneously. 

This occurs by calculating the dimensional size of the object and how many times it fits into the printing area of the 

machine. Of course, the ratio of the number of objects that can be printed simultaneously is inversely proportional to 

their dimensional size. For example, a notepad with a standard A5 size fits four times into an A3-sized printing area, 

while a standard pen could fit 50 times in the same area with optimal distribution in the matrix (Fig. 5). 
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Figure 5. Arrangement of four notebooks with a standard A5 format  

for simultaneous branding within the maximum A3 printing area 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to optimizing the printing efficiency, matrices and templates enable precision in positioning the print 

concerning the object and specifying the printing field. They can be divided into two main types: 

Graphic templates – graphic images incorporating the dimensional shape of the object, distributed over the object's 

printing area. These images determine the object's position on the machine table and, correspondingly, the position 

of the graphic element during pre-print preparation (Fig. 6). To apply this template, a graphic file with the required 

parameters is prepared, followed by printing it from the UV machine onto the plate. This stabilizes the exact 

location of the object without allowing deviations. The object can be positioned within the template outlines 

concerning its dimensional size with exceptional accuracy. The next step is to create a print file, using the initial 

template and positioning the graphic elements at desired locations based on the object outlines. This ensures the 

exact print placement concerning the objects. Templates can be reused for the same objects. 

 

Fig. 6. Graphic template incorporating the dimensional shape of the object, distributed over the printing area of 

the machine 
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Fig. 7. Physical matrix for multiple use, made of plywood to optimize the process in printing pens 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Physical matrices – these matrices are usually crafted from denser and more stable materials such as wood, plastic, 

etc., and are prepared in advance. Their role, aside from positioning, is to fixate the object. This is applied 

extensively for objects with an oval shape or those that are not stable enough to stand independently in a plane. 

Examples include pens, lighters, bottles, balls, etc. This allows the object to be fixed in a specific position without 

shifting during printing. Stabilizing objects for printing is of paramount importance in achieving a high-quality end 

result, as otherwise, the print may be displaced and of poor quality. A key advantage of matrices is that they are 

crafted from durable materials for multiple uses, making them much more wear-resistant (Fig. 7). 

Also to technical advantages, is well visible that the use of innovative technologies economic benefits (Mohamed et. 

all 2022, Murzova and Panayotova, 2016, Xiao et. all 2022), as these processes play a crucial role in determining the 

cost of printing by reducing production costs. Factors influencing the cost of printing a product include the number 

of objects printed in one production cycle, the time required to prepare the objects, as well as the size of the print file 

and ink costs (Fig.7). UV printing technology not only offers opportunities for creative applications but is also 

exceptionally suitable for creating full-color advertising materials across various industries, especially in the fields 

of advertising and marketing. The outstanding versatility of UV printing makes it suitable for application on 

different surfaces, expanding possibilities for creative expression and visual representation. Among the materials 

onto which this type of printing can be successfully applied are wood, glass, plastic, leather, and metal. 

In advertising and marketing, UV printing is used to create effective and exciting advertising campaigns where 

visual impact and image quality are crucial. The ability to print on various materials provides a unique opportunity 

for personalization of products and the creation of distinctive advertising materials that capture the attention of 

consumers. The adaptability of UV printing to diverse surfaces opens doors for innovation and creativity in the 

advertising industry. This technology offers opportunities for expression and differentiation, which are essential in 

the competitive world of advertising. Thus, the application of UV printing in the field of advertising and marketing 

not only delivers high-quality and impressive advertising materials but also upholds innovation standards in this 

dynamic industry. 

 

4. DISCUSSIONS 

Research in the field of UV printing plays a crucial role in the development of the printing industry, providing 

valuable scientific data and practical experience. This type of research focuses on various aspects of UV printing 

that significantly impact manufacturing processes and the applications of the technology. Emphasizing techniques to 

refine printing on different materials is of paramount importance, leading to improved accuracy and print details. 

This aspect positively affects the efficiency and quality of production, which is key to the competitiveness of the 

industry. Тhe application of templates and matrices in the production process of UV printing has the potential to 

reduce costs, especially in mass production conditions. This provides an opportunity to enhance the profitability of 

manufacturers who can benefit from increased operational efficiency and reduced production costs. Research also 

highlights the adaptability of UV printing to different materials, expanding the potential applications of the 
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technology in various industries such as advertising, marketing, and product personalization. The ability to create 

impressive full-color advertising materials on diverse surfaces opens new perspectives in the field of visual 

representation and consumer interaction. 

 

5. CONCLUSIONS 

In summary, research in the field of UV printing represents a crucial foundation for the development and 

optimization of the printing industry. The obtained data and insights contribute to achieving higher quality, 

efficiency, and innovations in the sector. These results are of paramount importance to stakeholders as they help 

strengthen competitiveness and successful adaptation to ongoing technological challenges. 

 

ACKNOWLEDGEMENTS 

The study was conducted with the support of: 

 WildArt Ltd; 

 Bulgarian Association of Ergonomics and Human Factors (BAEHF); 

 Ergonomics and Human Factors Regional Educational CEEPUS Network (CIII-HU-1506-01-2021). 

 

REFERENCES 

Alojaiman, B. (2023). Technological Modernizations in the Industry 5.0 Era: A Descriptive Analysis and Future 

Research Directions. Processes, 11, 1318. https://doi.org/10.3390/pr11051318 

Chivilò, M.; Meneghetti, A. (2023). An Industry 5.0 Perspective on Feeding Production Lines. Sustainability, 15, 

16088. https://doi.org/10.3390/su152216088 

Dovramadjiev, T.;  Dobreva, D.; Zlateva, R. (2023). Advanced application of ergonomics and human factors in 

academic and scientific activities. IETI Transactions on Ergonomics and Safety (TES), ISSN 2520-5439, USA, 

2023, Volume 7, Issue 1, 49-56, DOI: 10.6722/TES.202304_7(1).0005.                 

https://www.ieti.net/TES/2023V7I1/IETI%20TES%20V7%20I1%2049-56.pdf  

Iftekar, S.F.; Aabid, A.; Amir, A.; Baig, M. (2023). Advancements and Limitations in 3D Printing Materials and 

Technologies: A Critical Review. Polymers 15, 2519. https://doi.org/10.3390/polym15112519  

Jakopčević, Z.; Itrić Ivanda, K.; Kulčar, R.; Pasanec Preprotić, S.; Vukoje, M. (2023). Enhancing Applicability of 

Reversible UV Thermochromic Offset Inks: Edge Quality Parameters and Thermochromic Printing System 

Modulation Transfer Function. Materials, 16, 3125. https://doi.org/10.3390/ma16083125  

Liu, W.; Sun, Z.; Ren, H.; Wen, X.; Wang, W.; Zhang, T.; Xiao, L.; Zhang, G. (2023). Research Progress of Self-

Healing Polymer for Ultraviolet-Curing Three-Dimensional Printing. Polymers, 15, 4646. 

https://doi.org/10.3390/polym15244646    

Maware, C.; Parsley, D.M., II. (2023). Can Industry 4.0 Assist Lean Manufacturing in Attaining Sustainability over 

Time? Evidence from the US Organizations. Sustainability, 15, 1962. https://doi.org/10.3390/su15031962  

Mohamed, M.M.A.; Liu, P.; Nie, G. (2022). Causality between Technological Innovation and Economic Growth: 

Evidence from the Economies of Developing Countries. Sustainability, 14, 3586. 

https://doi.org/10.3390/su14063586 

Murzova, M.; Panayotova T. (2016). Strategic benefits of branding in social media, Smart Specialization - 

Innovative Strategy for Regional Economic Transformation, Proceedings of University of Ruse - 2016, volume 

55, book 12, pp. 20-28, ISSN 1311-3321 

Nikolova, N.; Murzova, M. (2015). OPPORTUNITIES FOR INCREASING BRAND EQUITY BY APPLYING 

THE CONCEPT OF PRODUCT DIFFERENTIATION, International Journal of Research Studies in Science, 

Engineering and Technology, Volume 2, Issue 6, PP 64-70, ISSN 2349-4751 (Print) & ISSN 2349-476X 

(Online), Impact Factor 1.063 

Pagac, M.; Hajnys, J.; Ma, Q.-P.; Jancar, L.; Jansa, J.; Stefek, P.; Mesicek, J. (2021). A Review of Vat 

Photopolymerization Technology: Materials, Applications, Challenges, and Future Trends of 3D Printing. 

Polymers 2021, 13, 598. https://doi.org/10.3390/polym13040598  

Pizoń, J.; Gola, A. (2023). Human–Machine Relationship—Perspective and Future Roadmap for Industry 5.0 

Solutions. Machines, 11, 203. https://doi.org/10.3390/machines11020203  

Rupp, M.; Schneckenburger, M.; Merkel, M.; Börret, R.; Harrison, D.K. (2021). Industry 4.0: A Technological-

Oriented Definition Based on Bibliometric Analysis and Literature Review. J. Open Innov. Technol. Mark. 

Complex. 7, 68. https://doi.org/10.3390/joitmc7010068  

Sang, R.; Manley, A.J.; Wu, Z.; Feng, X. (2020). Digital 3D Wood Texture: UV-Curable Inkjet Printing on Board 

Surface. Coatings 10, 1144. https://doi.org/10.3390/coatings10121144  

https://doi.org/10.3390/pr11051318
https://doi.org/10.3390/su152216088
https://www.ieti.net/TES/2023V7I1/IETI%20TES%20V7%20I1%2049-56.pdf
https://doi.org/10.3390/polym15112519
https://doi.org/10.3390/ma16083125
https://doi.org/10.3390/polym15244646
https://doi.org/10.3390/su15031962
https://doi.org/10.3390/su14063586
https://doi.org/10.3390/polym13040598
https://doi.org/10.3390/machines11020203
https://doi.org/10.3390/joitmc7010068
https://doi.org/10.3390/coatings10121144


KNOWLEDGE – International Journal                                                                                                                      

Vol.62.3 

 
351 

Villalba-Diez, J.; Ordieres-Meré, J. (2021) Human–Machine Integration in Processes within Industry 4.0 

Management. Sensors, 21, 5928. https://doi.org/10.3390/s21175928  

Xiao, W.; Kong, H.; Shi, L.; Boamah, V.; Tang, D. (2022). The Impact of Innovation-Driven Strategy on High-

Quality Economic Development: Evidence from China. Sustainability 2022, 14, 4212. 

https://doi.org/10.3390/su14074212  

Zizic, M.C.; Mladineo, M.; Gjeldum, N.; Celent, L. (2022). From Industry 4.0 towards Industry 5.0: A Review and 

Analysis of Paradigm Shift for the People, Organization and Technology. Energies, 15, 5221. 

https://doi.org/10.3390/en15145221  

  

https://doi.org/10.3390/s21175928
https://doi.org/10.3390/su14074212
https://doi.org/10.3390/en15145221

