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Abstract: 

Experimenting on basis of real-life processes in graphic products production with the goal being to determine cost-efficiency has never been allowed even as part of the process for gaining new knowledge or for the needs of verifying production standards. The costs of such experiments would be too high and there have never been evidenced cases where books had been printed only in order to study the production process bottlenecks. Digital production models allow experimenting with the tiniest setting details, with parameters of set thesis in printing borderline areas. Real-life printing systems are poorly known when it is necessary to translate them in the form of a computed model that will allow for that same real-life system to be simulated. This paper shows the results of experimental research in respect to the cost-efficiency of producing a certain graphic product with a digital printing workflow compared to a workflow with traditional offset printing. This has become the biggest dilemma in contemporary printing where digital printing has become an integral part of a printing plant’s options. Experiments have been carried out with digital workflows within our WebPoskok program simulator.

1. Introduction

This paper will show the results of experimental research on the optimal use of various graphic production workflows for one and the same product. It is an effort to make the introduction of digital printing technology into the printing industry easier. Although this technology has been used for some time now, it is not used much for large editions of the book type graphic products, i.e. for those products whose book blocks consist of a large number of pages in big editions. This technology is used only for advertisement purposes in making several copies or as a trial print (preflight press) whereas the final printing run is carried out by using the classical offset printing technique. This is understandable because there is great competition between the producers of classical offset machines and their promotion is based therefore on the so-called offset jobs. This puts the buyers in an insecure position, or the position of independent experimenting by investment of their own assets in order to determine the cost-efficiency in using various technologies.
The production of a book with case binding will be simulated experimentally here in two different workflows. One is based on digital printing, and the other one on traditional offset printing. The graphic postpress of the case binding book after printing is identical in both workflows.
Simulation experimenting will be carried out on basis of previously made models of workflows with the help of the WebPoskok program simulator whose designers are Dr Sc Vilko Žiljak and Dr Sc Klaudio Pap from the Zagreb Faculty of Graphic Arts. The model parameters are in the database and they are part of the base of standards used for standardization in the graphic industry and this is part of the scientific project «Improving job flows in graphic reproduction processes» headed by Dr Sc Klaudio Pap. The paper will show the set model parameters as well as the results of digital graphic production experimental simulation and the experimental simulation results of traditional graphic production.

2. Experimental Simulation  of Digital Graphic Production

The simulation model for producing a case binding book with digital printing technology is based on one of the most efficient digital printing systems today – the Xeikon. This is a machine with 8 digital printing units based on B2 format electro-photography on paper roll. As this is web press technology, standardization is carried out on basis of the following parameters: the number of printed units, the drum perimeter, the machine speed, and the price of one machine working hour. Figure 1 shows the input of parameters into the model for the Xeikon machine. It may be noticed that many of the parameters amount to null as this is characteristic for digital printing machines. The machine preparation time and the corresponding price is null because the whole job is prepared digitally on the computer in the preceding phase so when we wish to start printing, the whole job has already been prepared in 8 memory modules in the binary code. The moment printing of a sheet begins, the memory modules in the background begin to feed the memory modules for the entrance of the following sheet, so that printing proceeds continuously from sheet to sheet and this is impossible in classical offset printing.
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Figure 1 Simulation parameters for a digital printing machine

The time parameter for exchange of the same set of plates also amounts to null. This parameter is often forgotten when planning and calculating in the classical offset technology. Its purpose is evidencing the obligatory exchange of offset plates having the same contents because of their limited endurance. An average offset plate endures 100000 prints after which the print loses quality. This is why duplicates are made in advance for big printing runs, even triplicates and when there is necessary replacement, the offset machines must be stopped. The machines must also be washed quite often and there is even need of often additional register adjustment. There is no such thing in digital printing.
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Figure 2 Simulation parameters for paper in digital printing and parameters of the virtual printed form

Figure 2 shows paper parameters used in the job flow for making a case binding book by digital printing. The manner of standardizing the Xeikon digital printing machine printing form is also shown. Because there is need to have the WebPoskok simulator be applicable for both digital and offset printing machines, in this case a virtual printing plate has been designed that exists only as a bitmap in the memory. Its format really exists and is limited with the installed memory capacity for each printing unit in a digital printing machine, and the enduring capacity in this sense is endless, so the endurance of 10000000 prints has been incorporated in the model that and this is an unthinkable printing run for continuous printing in real life.
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Figure 3 Digital printing phases

When we want to print a graphic product of the book type, the job must be carried out in two different printing phases. It is the phase of printing a book block with a certain number of pages and then printing of the book cover. These two phases may be seen in picture 3 as well as the belonging simulation model variables. The book block printing phase (KB) is defined by 112 pages, with 4 colors on the front and back sides and it is printed from a 50 cm wide role with Xeikon digital printing. The book cover printing phase is of 2 pages, with 4 colors on the front and 0 colors on the back side, from a 50 cm wide roll.
3. Experimental Simulation  of Traditional Graphic Production
The simulation model for making a case binding book by using classical offset printing technology is based on one standard sheet 4-color offset press machine. This is a machine with 4 printing units with B1 format type sheet fed. Figure 1 shows the input of parameters into the model. The machine make ready phase is 20 minutes per printing unit for the first sheet, and it is 15 minutes for each successive sheet. After each printing the machine must be washed and the necessary time to do this is 30 minutes.
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Figure 4 Simulation parameters of the traditional 4-color offset machine

Printing of a book with a large number of pages consists of printing several different sheets where pages have been planned. After each printing of a sheet in the set printing run the offset plates must be exchanged for offset plates with different page contents. There is no such thing in digital printing but by expanding the book block volume, more time is necessary for the printing make ready.
Figure 5 shows the paper parameters that are used in the workflow for producing a case binding book based on offset printing as well as the standardization of the offset plate as a printing form of the B1 offset machine.
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Figure 5 Simulation paper parameters and offset plates for the offset printing

Figure 6 shows the printing phases carried out by offset printing. One is for the book block printing and the other for printing the book cover.

[image: image8.png]2445.04916  24.45049 2.64782 18.25
sTD 1 € 112str
4/4: KB,1125tr,4/4
STD 2DV 25tr
4/0: presviaka 4/0

1 2350.36  23.50363 2.56496 15.50

2 94.69 0.94686 0.08286 2.35





Figure 6 Offset printing phases
4. Digital Printing Cost-Efficiency in Comparison to Traditional Printing
Figures 6 and 7 show experimental results for the WebPoskok simulator in the printing run range from 200 to 2000 books printed by digital printing, i.e. by traditional offset printing. Together with the financial price for the overall printing run, the unit price may be observed and the standardized production time. 
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Figure 6 Experimental results of the digital printing workflow
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Figure 7 Experimental results of the traditional offset printing workflow
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Figure 8 Digital Printing Cost-Efficiency in Comparison to Traditional Printing

Figure 8 shows the final digital printing cost-efficiency graph in comparison to traditional printing. It may be noticed that it is more cost-efficient to print with a digital printing machine if the printing run amounts to 600 books with case binding to be printed and the number of pages is 112. If the number of books to be printed is more than 600 copies, it is more cost-efficient to use the classical offset printing. The printing run of 600 books in with case binding is sufficient today for many publishers publishing different books.

5. Conclusion

After analyzing experimental simulation results it may be concluded that digital book printing may be applied when the printing run does not exceed 600 copies with the number of pages being around 112. This borderline printing run could be more if the number of pages were to increase.
This paper has proven the thesis that printing high-quality books could have been carried out with digital printing machines up to the printing run quantities required by te book market today.

The following works based on the shown results, manner of modelling and parameters used in models could make a foundation for an increasing incorporation of digital printing in the area of producing those graphic products that are still considered as typical offset products.
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