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Sammanfattning 

Just nu pågår en världsomspännande trend inom tidningsbranschen framtvingad av den ökande 
tillväxten av gratis-, reklamfinansierade tidningar. Trenden är att Broadsheet blir till den mindre 
tabloidformatet. Allt fler traditionella tidningar går från det klassiska Broadsheet formatet till det 
kompakta tabloid. Detta format möjliggör för tryckarna att häfta produkterna direkt i falsen i 
tryckpressen. I dagsläget finns det inga häftar som i varierande banhastighet kan häfta andra 
produkter än av tabloidformatet. Tekniken som idag finns tillgänglig på marknaden fungerar 
genom att häftklamrar trycks in i det förbifarande pappret via en roterande cylinder som håller 
samma periferihastighet som papprets banhastighet. Detta medför att ståltråden trycks genom 
pappret utan att riva upp det. Eftersom häftning i  anhastighet i falsen är överlägsen den som kan 
tillämpas efteråt, vad gäller produktionstid, så efterfrågas möjligheten att häfta andra format vid 
sidan om tabloid av tryckerier. 

Examensarbetet är ett produktutvecklingsprojekt som utförts på och med hjälp av Tolerans AB i 
Sverige. Målet var att utveckla en lösning för häftning i pressen för kvartsfalsformat, d.v.s. halva 
tabloidformatet (magasinstorlek). Grunden till arbetet har varit systematisk och metodisk 
produktutveckling och problemlösning. 

En produktprofil skapades baserad på marknadssituationen och väletablerade fästmetoder. 
Produktidén framkom genom undersökning av att använda redan befintliga fals strukturer. En 
analys genomfördes för att ta reda på hur olika installationspositioner påverkar 
produktionsmöjligheterna. För att utveckla hela konceptet blev huvudfunktionen ”trådhäftning” 
uppdelad i mindre funktioner där dellösningar hittades. Dessa dellösningar fick sedan i sina 
färdiga former tillsammans bilda huvudfunktionen vilken sedan testades med hjälp av en virtuell 
prototyp. Slutsatsen av projektet är att fortsatt utveckling av en produktionsbaserad modell, av 
detta koncept, kommer att vara lönsamt samt en stort tekniskt kliv framåt i tryckbranschen av 
kvartsfalsprodukter. Detta då ledtider samt manuella ansträngningar, i form av mänskligt arbete, 
dramatiskt minskar. 
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Abstract 

There is a world-wide tendency towards small-size print products that is mainly pushed by the 
continuous growth of free, advertising financed commuter newspapers. Even more and more 
traditional newspapers are converting themselves from the classical broadsheet format into the 
more compact tabloid format. This format enables the printers to wire-stitch and to complete the 
products directly in the folder unit of a printing press. However, today’s stitching technology is 
not capable of binding other formats in the folder, due to its special structure and operating 
mode. Since processing in the folder is superior to the separate print finishing process with 
respect to the production speed and required amount of work, the desire was expressed among 
newspaper printers to be able to use this technology for other formats as well. 

This diploma thesis is part of a product development project that has been carried out in 
cooperation with the Swedish company Tolerans AB (Stockholm). The purpose has been to 
develop a solution for inline wire-stitching in the folder of magazine-size (quarter folded) 
products. The basis of this work is a systematic, methodical approach to product development 
and problem solving.  

Based on the market situation and the well-established binding methods, a product profile has 
been defined as the initial point of development. The product idea was found by investigating the 
possibilities to use already existing folder structures. Thereby, it was analyzed how different 
ways of integration will have an impact on the production possibilities. In order to find an over-
all concept, the main function “wire-stitching” was split up and partial solutions which fulfill the 
sub-functions were found. Afterwards, the partial solutions were merged and the function of the 
over-all system was tested by means of virtual prototypes. 

The conclusion of the project is that further development of a production-model based on this 
concept will be profitable and a big step forward in print finishing of quarter folded products, 
since it implicates an increase in production speed and a reduction of manual efforts. 
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Zusammenfassung 

Weltweit ist ein deutlicher Trend hin zu immer kompakteren Printprodukten zu verzeichnen, der 
vor allem von kostenlosen, werbefinanzierten Tageszeitungen für Pendler vorangetrieben wird. 
Zunehmend stellen auch renommierte Tageszeitungen die Produktion vom klassischen 
Großformat (Broadsheet-Format) auf kleinformatigere Zeitungen (Tabloid-Format) um. Dieses 
Format ermöglicht es die Produkte direkt im Falzapparat einer Druckpresse mittels 
Drahtklammern zu heften und fertig zu stellen.  

Auf Grund des speziellen Aufbaus ist es jedoch mit der heutigen Technik nicht möglich, 
Produkte anderer Formate direkt im Falzapparat heften. Da dieses Vorgehen der separaten 
Druckweiterverarbeitung hinsichtlich Produktionsgeschwindigkeit und manuellem 
Arbeitsaufwand aber weit überlegen ist, wird seitens der Verleger und der Druckereien der 
Wunsch geäußert, diese Technik auch für andere Produktformate einsetzen zu können. 

Im Rahmen dieser Diplomarbeit, welche in Zusammenarbeit mit dem schwedischen 
Unternehmen Tolerans AB (Stockholm) durchgeführt wurde, ist daher eine Lösung für den 
Einsatz der Inline-Drahtheftung für Produkte im Magazin-Format entstanden. Grundlage ist 
dabei eine systematische, methodenbasierte Vorgehensweise im Entwicklungsprozess und der 
Problemlösung. 

Als Ausgangspunkt der Entwicklung wurde auf Grundlage der Marktsituation und der heute am 
Markt etablierten Bindeverfahren ein Produktprofil erstellt. Die weiterführende Produktidee 
befasst sich mit der Möglichkeit, die Struktur bestehender Falzapparate nutzen zu können. Dabei 
wurden unterschiedliche Integrationsmöglichkeiten des Systems und deren Einfluss auf die 
Produktionsmöglichkeiten untersucht. Um ein Gesamtkonzept zu finden, wurde die 
Hauptfunktion „Drahtheften“ in ihre Teilfunktionen zerlegt und diese mit praxisnahen 
Lösungskonzepten belegt. Die gefundenen Teilkonzepte wurden wieder zu einer Gesamtlösung 
zusammengeführt und deren Funktion mittels virtueller Modelle überprüft. Zusammenfassend 
lässt sich sagen, dass die Umsetzung dieses Konzeptes in ein Serienprodukt einen großen Schritt 
in der Produktion kleinformatiger Printprodukte bedeutet, da sich die 
Produktionsgeschwindigkeit vervielfacht und gleichzeitig der Arbeitsaufwand verringert wird. 
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1. Product development 
 

1.1 The Product Development Process (PDP) 

 

The development of a technical product is a process which includes many different require-

ments and boundary conditions. Therefore a lot of different processes have been developed in 

the last years. The main phases of development processes are basically similar and can be 

compared but they differ substantially with regard to the interactions and order of the single 

phases of the development processes. Often used as the structural basis for the design of these 

processes is the VDI-guideline 2221, in which the stages of the development process are con-

nected to a problem solving process. The VDI-guideline 2221 describes the process for devel-

opment and design of technical system model in seven steps. Like this guideline, many proc-

ess models start with the clarification of the development task; this step leads to the require-

ments. The main focus of all PDP (Product Development Processes) is the time reduction and 

the increase of quality. But also important for PDPs is a nondogmatic and non-bureaucratic 

process model providing enough flexibility to react to a changing situation. The function of a 

development process is to manage the development project and to support the developers 

themselves during the development process. [1] 

 

This work is prepared and structured according to the process model of Albers. It involves not 

only the producer but also the needs of the customers and the competitors’ product range. In 

order to reduce the time to market for a complex product, the Product Development Process 

can no longer be considered as a series of isolated steps. On the one hand the single steps can 

overlap, for example, when the function of the whole system has to be validated even before 

the last details are designed. On the other hand, each process of the PDP can influence the 

later steps as well as the earlier steps. These steps and the correlations between them are visu-

alized in Figure 1.1: All of the decisions made during designing a product are influenced by 

other steps. E.g. the expected shape of a product has a strong influence on its manufacturing 

process. But also vice versa the manufacturing process can have an influence on the earlier 

phases of the PDP. Maybe a designer will change his first idea of the shape of a product with 

respect to the costs for the manufacturing process. 

 

 
Figure 1.1: The Product Development Process including the phases of realization and utilization 

 

These steps and dependencies have to be often formulated on very different levels of abstrac-

tion. Defining the profile and finding product ideas requires a high level of abstraction. 
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Hence, thinking about the manufacturing process during the early phases can be quite difficult 

as the requirements of production are often depending on very detailed information about 

parts of the system that are not yet designed. [2] 

 

1.1.1. The product profile 

 

The initial point for developing a new product is the market with its three players: customers, 

competitors and the producer himself. By analyzing the customer’s requests and trends in 

society as well as the competitor’s activities and changes in their product portfolios the step of 

defining a product profile is to be started. It has the highest level of abstraction. Thus, the re-

sult is a demand on the general product characteristics without specifying technological val-

ues or the detail design of the system yet. 

 

1.1.2. The product idea 

 

After clarifying the development task from a technical point of view which is generally done 

by defining a list of requirements, the next phase is to generate different realization possibili-

ties that meet the demands on the product defined in the profile. Finding these ideas can be 

supported well directed by applying the right creativity techniques (e.g. brainstorming and 

mind mapping) as well as involving the customer. It is even adequate to combine and to vary 

existing solutions in many cases. Creating a sufficient number of ideas necessitates an evalua-

tion regarding total costs, technology and manufacturing and to choose the one with the best 

market opportunities.  

 

1.1.3. The product concept 

 

The object of the concept phase is to find possible solutions to realize the product idea. How-

ever, it is advantageous to emphasize the general and fundamental key characteristics instead 

of focusing on the detailed and individual ones in order to avoid generating conventional solu-

tions. Formulating these characteristics explicitly the overall function of the system can be 

discerned easily. Furthermore it is possible to break down this function into sub-functions to 

reduce the complexity. Hence, for every sub-function working principles can be found and 

combined with one another building the system’s working structure. Moreover, it is helpful to 

create a wide variety of concepts with different working structures and to evaluate them ac-

cording to certain criteria (e.g. those specified in the list of requirements). Finally, the most 

promising concept has to be chosen and pursued in the following phase. 

 

1.1.4. The design phase 

 

The first step in the design phase is to recognize those requirements which will have signifi-

cant influence on the product’s design. These requirements can dictate the size (e.g. consider-

ing connecting parts), the spatial layout (e.g. considering the direction of movement) or mate-

rials (e.g. resistance to corrosion). In addition, it is also of importance to take note of all spa-

tial constraints concerning installation conditions. Based on these demands a preliminary de-

sign for the parts fulfilling main functions is made (e.g. a shaft with it’s minimal diameter in a 

gearbox). Afterwards the ones fulfilling auxiliary functions (e.g. mounting brackets, bearings 
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and sealings) follow. In many cases this is done by applying standard components and pur-

chased parts to reduce development time and costs. To prevent incompatibility, all main func-

tional elements have to be adapted to the standard components by paying attention to engi-

neering standards, regulations and calculation results. Avoiding problems, malfunction and 

accidents some important goals are universally valid in every design step: 

 

• Fulfillment of the technical function 

• Cost effectiveness 

• Human and environmental security 

 

These goals, in turn, are leading to some general design rules and principles: 

 

• Definite 

• Simple 

• Safe 

 

Again, it is possible to compare different designs regarding technical and economical criteria 

and to break down the product into smaller assemblies and units thereby making it simpler to 

manage. 

In the detail design phase the selected design has to be optimized and all weaknesses found in 

the evaluation are to be removed. Of course suitable partial solutions from another design can 

be joined to the final product. In the further course a design review checking the product for 

failures (e.g. collision detection, compatibility) has to be done. At this point in time the objec-

tive targets regarding production costs and capabilities should be clarified. The design phase 

is being finished by creating a manufacturing specific design which includes lists of compo-

nents, detailed drawings and manufacturing instructions as well as assembling instructions. 

 

In general, the development of a new product is finished with the validation phase. This is the 

process of checking if the product satisfies the certain criterion for a special use. Several 

analyses can be performed using simulations and experiments on a prototype or the final 

product. The scope of this thesis includes finding a product profile, a product idea, a product 

concept and the beginning of the design phase. 

 

 

1.2. Problem solving methodology (SPALTEN) 

 

1.2.1. Problem definition 

 

Characterized by numerous problems product development can be viewed as problem solving. 

There are different definitions describing the term “problem” but it can always be described 

by three elementary components: 

 

• Actual state 

• Target state 

• Obstacles and differences to overcome 
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Figure 1.2: A problem’s three components 

 

The Actual State represents the current and real state and has not to be considered undesired. 

Just to the contrary, it has to be seen positively as a chance to improve and optimize or as an 

initiation for planning. An Actual State is not necessarily random but can also be initiated. In 

practice, the level of detail and absolute knowledge of the Actual State depend on available 

resources and time. 

The Target State describes the final state and the results that are to be achieved by processing 

the problem. The final state can be formulated either in an exact and precise manner or due to 

a lack of information and insight very vaguely. 

The obstacle that has to be surmounted in order to get from the Actual State to the Target 

State lies on a partially unknown path. In the beginning of a problem solving process, only 

20% of the path from the Actual to the Target State are known which is oftentimes referred to 

as “Iceberg Formula”. The main part of the solution approach is concealed like the bottom of 

an iceberg is, and has to be worked out or made available. [3] 

 

Basically, a problem can be described as a delta between the Target State and the Actual 

State. Two kinds of problems can be distinguished: the emergency situation and the planning 

situation. In the emergency situation, the actual state declines and the target state remains the 

same, whereas in the case of the planning situation, the target state as objective is actively 

changed so that the actual state needs to be adjusted. [4] 

Production rejects, problems in data processing and customer complaints are common emer-

gency situations having the target to achieve the same state as before the problem occurred. 

While the development of a new product or an enhancement in production output or quality 

are examples of a planned situation with a target state being above the actual one. 

 

 
Figure 1.3: The two different types of problems 

 

 

1.2.2 The problem solving process SPALTEN 

 

The SPALTEN-process (German: Spalten = to split, to decompose) is a holistic problem solv-

ing process. It describes a universal procedure for the solution of problems with different 

boundary conditions and degrees of complexity. [1] The general problem solving process as 

described in VDI-Guideline 2221 is integrated in the SPALTEN-methodology and extended 

by the work steps (modules) “implementation” and “recapitulate/learn”. While SPALTEN is 

well suited for both future-oriented as well as spontaneously occurring problems it has to be 

applied using different levels of abstraction and concretion depending on the task. Hence, 

using this methodology does not always require all modules, which may result in saving time. 
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This way, through cause analysis and problem containment the origin of the problem may be 

detected and solved ahead of time. [3] In the following the basic structure with its seven mod-

ules is explained briefly and to the point: 

 

• Situation Analysis   (Situationsanalyse) 

• Problem Containment  (Problemeingrenzung) 

• Search for Alternative Solutions  (Alternative Lösungssuche) 

• Selection of Solutions  (Lösungsauswahl) 

• Analysis of the Level of Fulfillment (Tragweitenanalyse) 

• Make Decision/Implement  (Entscheiden/Umsetzen) 

• Recapitulate/Learn   (Nacharbeiten/Lernen) 

 

 

 
Figure 1.4: Honeycomb model of information amount in the SPALTEN-process 

 

SA – Situation Analysis 

The first module of the SPALTEN-methodology is about understanding the situation and re-

vealing it’s details. Data is to be collected, structured and documented, and this information 

then becomes the basis of subsequent steps. In addition, the situation is assessed and an ap-

proach to solve the problem is chosen. [3] However, it’s important to understand that the 

problem is not being solved in this early step but the amount of information is being increased 

which is characteristic for the analysis. 

 

PC – Problem Containment 

This module is a means of focusing only on data that is relevant in problem solving. The 

amount of information is hence narrowed down. This alternating increase and decrease in 

information is referred to as the “Honeycomb model” of information amount. Problem con-

tainment aims at identifying cause and effect of the deviation between the Target and the Ac-

tual State. This deviation is to be proven and the subsequent procedure such as further proc-

essing or stopping to process the problem is defined. Possible causes of the deviation can be 

identified and hypotheses can be made. By the means of facts, simulation and experiments, or 

by focusing on the most relevant information, the hypothesis can be verified. As a result, this 

module determines the goals of problem solving and provides a more detailed description of 

the problem to be solved. [3] 

 

AS - Alternative Solutions 

The aim of this module is to search for as many alternative solutions as possible that are ful-

filling the boundary conditions. An abstract description of the aim is important in order to 

avoid a potential fixation on certain solutions. [3] Generated solutions are further concretized 

and documented, but not yet evaluated or compared at this point. Creative techniques such as 

brainstorming or questioning of experts can support the process of finding solutions. Thus, the 

plenitude of information increases once again (see figure 1.4). 
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SS – Selection of Solutions 

Solutions that have been developed up to this stage are analyzed, evaluated and the most 

promising ones are selected. Therefore evaluation criteria have to be defined and weighted. 

[3] This selection is always relative, subjective and situation-dependent to a certain degree. 

The plenitude of information on hand is decreased by focusing on the most promising solu-

tion. 

 

LF – Level of Fulfillment 

Every problem and every solution to it includes potential risks and opportunities. In this mod-

ule, predictable risks and opportunities of the selected solutions are investigated and action is 

taken in order to avoid and to realize them respectively. Therefore, critical spots which facili-

tate the determination of risks and opportunities are revealed. The plenitude of information is 

again increased by the multitude of risks and opportunities. 

 

DI – Make Decision/Implement 

In this module, results of the preceding two modules SS and LF are gathered and processed. 

The decision to implement the solution to the problem is documented. The implementation 

itself can be divided in three phases: 

 

• Planning 

• Carrying out 

• Finishing 

 

The goal of implementation is a complete realization of the selected solution(s). This has be 

carried out as a well planned project. In addition, the previously determined actions for mini-

mizing risks and optimizing opportunities are to be realized as well. This module narrows the 

amount of information down. [3] 

 

RL – Recapitulate/Learn 

The last module is based on the continuous improvement process (CIP). The aim is to learn 

from the experiences made while processing the problem and to extract fundamental knowl-

edge and optimized approaches as a reference for problem solving processes in future. As this 

improvement  have to be documented, the plenitude of information increases once again. 

 

 

1.2.3 The SPALTEN Matrix – Combining product development and prob-
lem solving 

 

As mentioned above, product development can be understood as problem solving. There are 

several analogies between product genesis and the problem solving process. It is rather diffi-

cult to differentiate precisely between the two, since product genesis corresponds to the prob-

lem solving process from an abstract view. By starting with a situation analysis (SA) and find-

ing the product concept and idea (as a part of the product development process), solutions are 

developed (AS) - that is how products are planned and designed. Finally they are manufac-

tured in analogy to the “Implementation” and “Recapitulate/Learn” steps of the problem solv-

ing process. [3] One can also refer to the processes of problem solving and product generation 

as the two dimensions of problem solving: the life cycle from the profile phase to the recy-

cling phase, and problem solving of the single stages from situation analysis to recapitulation 

and learning. This view defines the two dimensions of problem solving in the product life 
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cycle as the macro-logic and micro-logic of the product development. As shown in Figure … 

there are different kinds of problems concerning the complexity: Simple problems, problems 

in a single step, difficult problems in a single phase and complex problems with focus on the 

complete life cycle. The navigation through the process is always indicated by a situation and 

the documentation is to be linked to the single steps. [1] 

 

 
Figure 1.5: Matrix combining the processes of product development and problem solving 

(source: IPEK, Univerity of Karlsruhe) 
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2. Fundamentals: Production of print products 
 

2.1. Products and formats 

 

The market for print products offers a great variety. These products are usually classified into 

two basic categories regarding the frequency of publication: 

 

• Commercial printing 

• Periodicals 

 

Commercial printing refers to print products that are produced occasionally (e.g. catalogs and 

brochures) while periodicals (e.g. newspapers and magazines) are printed matter that appears 

at regular intervals. [5] Though, the most significant differences in the print process can usu-

ally be seen between newspapers and all other products. Special highly productive newspaper 

printing presses are used to print on uncoated paper, at low cost. While the traditional news-

paper used to be black and white modern printing presses are able to print in colour economi-

cally. Being mainly financed by advertisement it was important to fulfil the advertisement 

customer’s wish to publish in colour. Nevertheless, the degree of processing newspapers is 

low and they normally consist of large-size loose sheets. Newspapers are usually printed us-

ing rotary web offset presses. Brochures and magazines (mostly produced in the same way as 

brochures [6]) are of better quality than newspapers, generally printed in colour and the pages 

are bound together. In addition, magazines have a special flexible cover sheet. Depending on 

the circulation they are printed on sheet-fed or web presses. 

Focusing on the print finishing process (e.g. folding and binding) it is more common to dis-

tinguish between the different shapes and sizes of the print products. The large, classic news-

paper format is referred to as broadsheet format and is the largest of the various newspaper 

formats. But there are slight variations in different webs (the width of a newsprint roll) and 

how the paper is cut on various printing presses. Just to name a few examples, the Nordic 

Format measures 570×400 mm, the Berliner Format 470×315 mm and the Swiss Format 

475x320mm if the newspaper is in closed state. [7] A tabloid is a newspaper industry term 

which refers to a smaller newspaper format. Being exactly half the size of a broadsheet, both 

formats can be printed on the same press with the exception that in case of producing a tabloid 

the web is cut and folded one more time (see chapter …). Adding yet another cut and another 

fold, perpendicular to the first ones, to the tabloid format, the result is referred to as a quarter-

fold product. This format is most common among advertising brochures and inserts printed on 

high quality commercial presses. 
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Figure 2.1 (to the left): Some common newspaper formats (source: wikipedia) 

Figure 2.2 (to the right): Different stapled formats on the paper web 

 

 

2.2. Printing presses and production of print media  

 

The production flow of producing print media comprises three basic stages. The prepress, the 

actual printing process (press) itself and the finishing (postpress). These individual production 

stages are connected by the flow of materials, such as printing plates between prepress and 

press and printed sheets between press and postpress. Interconnection between the production 

stages has become increasingly marked by the data flow (see figure 2.3). [5] 

 

 
Figure 2.3: Production flow for print media production 

 

 

2.2.1. Prepress 

 

Prepress includes all steps which are carried out before the actual printing. Traditionally this 

process can be divided into three areas: 

 

• Composition, that is recording text, formatting text and pagination. 

• Reproduction of pictures and graphics, and particularly colour separations for multi-

colour printing. 

• Assembly and platemaking, describing the assembly of text, pictures and graphic ele-

ments into complete pages, from pages to print sheets and also the making of the print-

ing plate. [5] 
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But this workflow varies a lot, depending on the printing process (e.g., letterpress, offset or 

digital printing) and on the final product (books, newspapers, product packaging). [8] 

Furthermore, today’s digital prepress has almost entirely eliminated the classical division into 

the three above-mentioned areas. [5] With the aid of a personal computer, desktop publishing 

(DTP) is making it possible to capture text and pictures, to make the page layout and to ex-

pose the finished pages on a film. 

 

 

2.2.2. Printing 

 

Printing is a process for reproducing text and images, typically by transferring ink onto paper 

(or another substrate) via a printing plate. In the course of the centuries many different print-

ing technologies have been developed. Beginning with Gutenberg’s invention of letterpress 

printing where the raised surface of moveable printing elements (e.g. letters, lines and dots) is 

inked there are a lot of different printing techniques today. Though it would go beyond the 

scope of this thesis to define all of them, it may be important to know that today’s books and 

newspapers are mostly printed using offset lithography which is the dominating technology. 

Here, printing and non-printing elements are at the same planographic level but of different 

surface properties. During printing, rollers apply water, which covers the blank portions of the 

printing plate but is repelled by the image area which is treated with an emulsion. Then ink is 

applied by other rollers, is repelled by the water and only adheres to the emulsion of the im-

age area. [9] If this image was directly transferred to paper the paper would become too wet. 

Instead, the plate rolls against a rubber covered drum, which squeezes away the water, picks 

up the ink and transfers the image to the paper. This intermediate carrier gives the process its 

name offset printing. Making it possible to achieve production speeds of 5.000 up to over 

100.000 impressions per hour, modern printing presses work entirely on the principle “cylin-

der against cylinder”. [5] 

Beyond the actual printing principle there are two general possibilities in how the paper is 

supplied to the press. This difference is important for the design of the paper transport ele-

ments and the finishing machinery.  Printing presses can be engineered as either sheet-fed or 

web-fed presses. 

Sheet-fed presses have a feeder, one or more printing units, and a delivery. In the feeder the 

sheets are taken from a pile, aligned, and forwarded to the first printing unit. The sheets are 

transported through all the printing units by grippers. In the delivery the printed sheets are 

collected in a pile. [5] 

Web-fed presses have a reel stand, from which the paper web is fed to one or more printing 

units. This web is then fed straight to a print finishing unit or a rewinder after printing. [5] 

While sheet-fed presses have some advantages in start-up time, start-up waste and in offering 

a great variability of formats, web presses have advantages in transporting the paper through 

the various press units but are usually designed for one particular type of product only (e.g. 

newspapers). Furthermore, web presses reach much higher speeds and have the advantage that 

in-line finishing is easier to carry out. 

Web printing presses are typically categorized as either “single-width" or "double-width" as 

well as “single-round” or “double-round” presses. The names refer to the number of spread 

broadsheet pages printed per cylinder revolution. The smallest cylinders (single-width, single-

round) are capable of printing one full broadsheet page (see figure 2.4). A double-width press 

is used to print on a paper web that has double the breadth of a spread broadsheet whereas a 

double-round press is capable of producing twice as many successive pages per cylinder rota-

tion as a single-round press. To increase the number of pages in case of a double-width press, 
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the web is cut and one half of the web is positioned on top the other half, producing a ribbon 

bundle that is fed into a former. While in case of a double-round press the two successive 

pages are collected in the folder (see chapter 2.2.3.2). To further increase the number of 

printed pages per installed printing units there are even a few “triple-width” presses available. 

Hence, the number of pages that are possible to print on each web in a newspaper printing 

press is determined by the construction of the press. While the smallest presses are printing 4 

broadsheet pages per web (two on both sides) the larger double-round and double-width 

presses are printing 16 pages per web. This means that the number of webs needed to print, 

for instance, 32 broadsheet pages varies from 2 to 8. The total number of pages that are possi-

ble to print in parallel is also determined by the construction of the printing press, e.g. the 

number of reel stands, printing couples and possible web-leads. [10] 

 

 
Figure 2.4: Some examples for printing press cylinders. 

 

 

2.2.3. Print finishing / postpress 

 

Print finishing (postpress) includes all those steps which are carried out after printing on paper 

or another material has taken place. [5] As above-mentioned, this process differs considerably 

depending on whether it’s a sheet or a web-fed press. While small-size printing companies are 

mostly connected to finishers where the printwork is processed, newspaper and magazine 

printing companies generally have web printing presses with integrated print finishing units 

(in-line finishing) as far as this is technically possible. Hence, in the following the most com-

mon and important processes such as cutting, folding, gathering, and binding are described 

only for web based presses. This treatment of the paper web is carried out in the folder which 

is the last part of a printing press. In case of newspapers the end product can be created in the 

folder while magazines and small commercials are produced as an intermediate product need-

ing further processing.  

Print finishing has become increasingly automated in recent years, but not nearly to the same 

extent as printing or, in particular, prepress. Due to the great variety of processes and the com-

plexity of the mechanical processes, more manual intervention is required than in the other 

two areas (an exception to this is in-line finishing with web printing presses). [5] 
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2.2.3.1. Folding and cutting 

 

First fold (longitudinal) 

 

The former fold is the folding unit located in front of the cylinder section of the folder. Unlike 

the sudden cylinder fold, the former fold is a continuous-flow fold. The web or the ribbon 

bundle is directed around two former flanks that are inclined in the travel direction of the web. 

In this way a longitudinal fold is performed at the former nose. [5] For the production of tab-

loid products a circular knife (web-slitter) located in the center of the former cuts the web in 

half. Instead of folding the two halves are directed one upon the other. 

Hence, the web running out of the former consists of several layers and is, in case of broad-

sheet format, closed on one side. Single-width presses are usually provided with one former, 

whereas double-width presses can have two formers. Because the number of formers deter-

mines the number of possible sections/parts of a product, sometimes more than two formers 

are used. [5]  

 

 

Second fold (cross-fold) 

 

The jaw folder is the cylinder section of a folder most commonly used in commercial web 

offset presses and newspaper web offset presses. First, the web is cross-cut by a knife cylinder 

that operates against a tucker blade cylinder equipped with cutting bars of elastic and resistant 

material. The product is then transported over the cylinder either by pins or grippers, depend-

ing on the application. While the pin holes are tolerated on newspapers they are not accept-

able on other products. The actual fold is then performed by the tucker blade and folding jaw. 

The jaw fold is produced by the cam-controlled tucker blade moving out of the cylinder when 

the tucker blade and jaw cylinder come into contact, thereby pushing the cut ribbon bundle 

into the cam-controlled open folding jaw. At this point the folding jaw closes immediately and 

retains the product, while the cylinder continues to run. While the following product half is 

steadily transferred over from the folding cylinder to the jaw cylinder, the advancing product 

half must be pulled tangentially over the wedge formed by the two cylinders. If the jaw cylin-

der is segmented into two parts only two quarters of the cylinder are covered with products, 

due to the fold being produced. Another cam-controlled operation completes the folding proc-

ess by opening the folding jaw again. The product then drops into a fan wheel by means of 

gravity and centrifugal force (with the folding spine ahead), slowed down and delivered in a 

shingled stream. [5] 

Analog to the printing unit, the cylinders in a folder are usually subdivided into segments per-

forming multiple actions during a single rotation. If the diameter is enlarged the rotational 

frequency can be declined to keep a certain circumferential speed. This is necessary in the 

case of products with high pagination or to raise the production speed. Figure … shows a 

double-round knife cylinder, a triple-round folding cylinder and a double-round jaw cylinder. 

Today even cylinders with five and seven segments are in use to print extremely high volumes 

and paginations. 

To facilitate setting operations for precise interaction between the tucker blade and the folding 

jaw, the jaw cylinder and the folding cylinder are oftentimes segmented equally. Thereby, the 

same tucker blade always engages in the same folding jaw. This is referred to as a 2:3:3, 

2:5:5, or 2:7:7 folder where the segmentations of the cutting knife cylinder, the folding cylin-

der, and the jaw cylinder are shown with their respective segment ratios. [5] 
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Furthermore, a double parallel fold can be produced by interconnecting a further jaw cylinder 

in the process. [11] 

 

Alternatively to the jaw folder, a different folding principle referred to as drum folder or rotat-

ing folder can be used (see figure 2.6). Apart from a cutting knife cylinder, the drum folder is 

equipped with a folding cylinder that pushes the ribbon bundle between two folding rollers 

using the folding/tucker blade. As the tucker blade has to travel a long way, the operation 

cannot be cam-controlled but works with a special planetary gear. Only at the very bottom, 

where the two folding rollers are directly opposite the cylinder, do the tucker blades come out 

of the outer cylinder periphery. At the same time the paper is pushed between the folding roll-

ers and the fold is performed. [5] 

 

 
Figure 2.5 (to the left): Functional principle of a 2:3:2 jaw folder (source: IFRA) 

Figure 2.6 (to the right): Functional principle of a 1:3 drum folder (source: IFRA) 

 

 

Optional third fold (longitudinal) 

 

After the former fold (first longitudinal fold) and the cross-fold (the second fold) an optional 

third fold (or second longitudinal fold) can be performed. The folding principle used for the 

quarter fold is similar to the folding principle used in the drum folder. A rotating tucker blade 

pushes the product sections between two folding rollers performing the fold. [5] 

However, unlike the fold on a drum folder the product is transported on a conveyor band 

against a front stop and then folded in the direction of travel. This is the oldest mechanical 

folding principle and today used as a last step in the folding unit. However, the production 

speed is limited due to slowing down the product. In the majority of cases, it is necessary to 

split the product stream and to route it onto two different “chopper fold tables”. 

In this way the folding speed can be halved. Typically, the production is possible with or 

without the chopper fold while the connection of two quarter fold units in series is referred to 

as the “Swiss postal fold”. This fold is used to produce a “pocked-sized” newspaper. [5] 
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2.2.3.2. Collect-run production 

 

As above-mentioned (see chapter 2.2.2.), a printing cylinder can consist of several printing 

plates regarding its width or its circumference. This is in order to raise either the production 

speed or the pagination possible to print with a given number of webs. Printing on a double-

width or triple-width press the web is being cut into single-width ribbons afterwards. To pro-

duce discrete products the single ribbons are processed using one former for each ribbon. To 

double or triple the number of pages, the ribbons are positioned one over another using so-

called turner bars in the superstructure of the folder. The bundle is then fed into a single for-

mer. In tabloid production it is possible to bring the ribbons together after they have passed 

different formers. 

When using a double-round printing press, the alternatives are either double production or 

collect-run production. In double production, the printing cylinder wears the same printing 

plate twice on its circumference. Therefore the system is capable of printing twice as much 

products as cylinder rotations. In contrast to this, a cylinder wearing two different printing 

plates on its circumference is used to produce in collect mode. Thus, the pages on each half of 

the cylinder represent two parts of the same product. After being cross-cut by the knife cylin-

der the products are collected in such a way that the inner part of the product is transferred 

onto the collect cylinder first (e.g. pages 9 to 24 of a product with 32 pages). With another 

rotation of the cylinder the outer part of the product is transferred onto the inner part (e.g. 

pages 1 to 8 and 25 to 32). Both parts are then folded together and delivered as a product hav-

ing twice the number of pages as in double production. [12] 

All options of collect-run production in the folder are based on the same principle: one part of 

the product makes a detour and is then joined with a directly supplied part. [11] 

Three different alternatives can be distinguished. The collect cylinder is an additionally in-

stalled cylinder mostly having a single-round circumference. Its task is the realization of the 

detour for the collection part. Another possibility is that the knife cylinder, additionally 

equipped with pins/grippers, acts as both knife cylinder and collect cylinder. However, the 

easiest and most common way of collecting is to use the already existing tucker blade cylin-

der. The product sections are simultaneously gathered on the cylinder, which requires the cyl-

inder to make two revolutions together with the product and to deliver the product periodi-

cally to the jaw cylinder. [6] 

To stop the tucker blade from coming out three times (in case of a three round cylinder) and 

possibly damaging the products, the folding cylinder needs to be specially designed. 

In addition, the folding cylinder must be divided into three segments, or any other odd number 

of segments. The reason for this is that in collect-run productions, the two product sections 

arranged in tandem on the folding cylinder are placed on top of each other to ensure that a 

first section is always joined to a second one and not the same product section. [5] 

 

 
Figure 2.7: The principle of collect-run production on the tucker blade cylinder 

(source: Industrielle Buchbinderei) 
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2.2.3.3. Binding 

 

Binding blocks is the production of a temporary or permanent connection of the collated 

blocks by positive, non-positive, or bond jointing processes (i.e., held together by force, fixing 

elements or adhesives). [5] 

The production of bound blocks by joining loose (folded) sheets is one of the key aspects of 

the print finishing process. It is the most extensive and most important processing step since 

the joining method decides primarily on the product’s quality regarding stability, durability 

and manageability. The joining can be carried out by different binding methods using wire 

staples, adhesive, threads, clamps or screws. [6] 

A basic classification of those joining methods can be done by looking at how the paper is 

fitted together: 

 

• Force-fit 

Jointing processes connecting the paper by compression are also referred to as non-

positive or pressure-based. The elements usually used to generate the compression 

force are rail-shaped metal or plastic staples. 

 

• Adhesive bond 

The connection is obtained by a special substrate that connects the bonded parts via 

adhesive power. Adhesives are used either for bonding processes alone or together 

with thread binding methods for multi-layer blocks that usually receive additional glue 

application. 

 

• Form-fit 

Methods that belong to this group are also referred to as positive binding methods. 

Here, the paper is connected by the special form of the binding elements such as sta-

ples or knots while mostly wire and threads are deployed as jointing media. Single 

sheet binding systems use different jointing elements such as wire or plastic spirals, 

wire or plastic combs, rings, cords, and also screws. 

 

Generally, inconsistency in use of the terms “sheet” and “block” can be noticed in literature. 

In the further course of this work, these terms are defined as follows (see also figure 2.8): 

 

• Single sheet: Loose, unfolded sheet as known from office use containing two pages. 

• Folded sheet: Sheet containing a center fold and therefore four pages. 

• Single-layer block: Compilation of folded sheets, attached at the spines. Generally 

used for magazines and advertising material. 

• Multi-layer block: Compilation of folded sheets or single-layer blocks attached side-

wise. Also referred to as book block since it is generally used to bind books. 

 

 
Figure 2.8:  Different sheets and blocks 

 



17 

Below, the three most important methods for industrial use are explained in detail: 

 

 

2.2.3.3.1. Gluing 

 

Two different approaches regarding gluing products in the print finishing process can be dis-

tinguished. With newspapers and thin commercial products the adhesive is applied in lanes on 

the paper web (gluing of layers). This process can be carried out in the folder of a web offset 

press at full production speed. By contrast magazines and books are glued together using al-

ready folded sheets. This process is done on special machinery in the mailroom and is referred 

to as perfect binding. In perfect binding the assembled pages are mostly trimmed along the 

back edge with the help of knives or cutters, in order to enable an aqueous or hot glue to con-

tact every single sheet. A preprinted cover is then glued to the spine. The level of trimming 

the spine can vary from unmachined to complete. In the first case, only spines that consist of 

one-fold edges (which equates to four pages) can be processed. Removing the complete back 

edges of the block's folded sheets the result is a sheet block. In addition, backing strips and 

felt strip can be added to the product to obtain maximum binding strength. 

 

 
Figure 2.9: Different processing principles for perfect binding (source: Handbook of Print Media) 

 

The following are the characteristic elements of perfect binding systems: 

When fed into the machine, the folded sheets of the block pass a jogging station where they 

are aligned on the block spine and block head. Then the back edges of the folded sheets are 

cut off. Undercutting devices, brushes and suckers for paper dust removal are used to improve 

adhesion in the potential jointing areas. After glue is applied in the gluing unit the product 

passes the lining station, in case of hardcover production. For brochure and magazine produc-

tion this station is switched off. In the cover feed station, the cover is pressed onto the open 

adhesive surface. Afterwards the cover is formed around the block using pressing tools. When 

using aqueous adhesive, the gluing is stabilized in a dryer. When processing hot-melt materi-

als they must be cooled down. The processing finishes with the delivery of the bound blocks, 

which has to be designed in such a way that there is no block deformation and optimum con-

ditions for further processing are achieved. [5] 

As already mentioned gluing can also take place in the folder or in the folder’s superstructure 

of a web press. By using application injectors the adhesive is applied on the fold lines of a 

paper web in such a way that the pages are glued together after the fold has been performed. 

Originally, this was done by a system contacting the paper web (e.g. a ball valve) and the ad-

hesive was supplied without pressure. However, the contact with the paper caused an in-

creased adjustment effort and soiling of the valves. Nowadays, the adhesive is transferred by 

non-contacting electrical injectors which ensure airproof sealing in rest periods. 

Analog to an inkjet printer, the single glue dots are set with a frequency of 600 to 1000 points 

per second. [13] By pressing the layers against each other a continuous line of glue is gener-

ated. While single injectors are used to apply a longitudinal line of glue, special cylinder ar-
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rangements can perform a cross line of glue by adapting the circumferential speed to the one’s 

of the paper web (see figure 2.10). 

 

 
Figure 2.10: The principles of transversal (on the left side) and longitudinal (on the right side) 

gluing in the folder (source: Industrielle Buchbinderei) 

 

In combination with a cutting device, the product can be completed in the folder without im-

pacting on the folder’s performance. Another advantage is that, doing so, folded sheets with 

more than 1 fold (four pages) can be further processed by the method of perfect binding with-

out trimming the back edges. 

 

 

2.2.3.3.2. Thread-stitching 

 

Thread stitching is the oldest and most traditional technique of making book blocks. Today, it 

has a share of approximately 20 percent of the binding methods. [6] The connection of the 

inner sheet sections and, if necessary, the sheets to one another is primarily achieved by fabric 

threads. Three basic variations in the process can be distinguished: 

 

• Saddle stitch thread sewing is a method to bind a single-layer blocks which consists of 

several folded sheets. It is applied analogue to wire saddle-stitching, but for safety rea-

sons, mostly preferred in the case of children’s books. A double staple is formed by 

putting a thread through three pinholes and knotting the ends. 

 

• Side thread-stitching can be used to bind thin multi-layer blocks and single sheets 

alike. The thread is inserted into drilled holes that are located about 5mm from the 

back edge. The result is high durability but limitations in usage since the product can 

not be opened up easily up to the spine. 

 

• Single sheet thread stitching (generally only referred to as thread stitching) is the pre-

dominant form of thread binding multi-layer blocks. Each sheet is stitched individu-

ally to the previous one and they are then connected to each other. This connection is 

improved by gluing the stitched sheets or sticking/gluing a gauze/paper strip on the 

block spine. Thread-stitching by machine is modeled after the traditional work done 

by hand. The feeders of thread-stitching machines must separate the sheets, open them 

in the center, and lay them on a saddle, since the stitching is done through the back 

edge. At first piercing needles punch holes into the back binding margin. Afterwards a 

sewing needle, which carries the thread, and a hook-shaped needle are pushed into the 

holes from above. A thread remover “hooks” the threads during a crosswise movement 
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into the hook-shaped needle. The process is completed when the needles have returned 

to their original position. [5] 

 

 
Figure 2.11: Different thread binding methods (source: Handbook of Print Media) 

 

 

2.2.3.3.3. Wire-stitching 

 

Wire-stitching is a form-fit jointing method. With wire-stitching binding, wire staples are 

pushed through the sheets of a block and closed on the underside. [5] As with thread-stitching, 

one differentiates wire-stitching methods according to the position of the staples in the block: 

 

• With side wire-stitching the wire staples are pushed into the block’s surface near to 

back edge. It is used to bind thin multi-layer blocks and, as it is well-known in office 

use, to stitch single sheets. But here too, there are problems in the product’s usability 

since it can not be opened entirely. 

 

• Back-stitching (also referred to as wire saddle-stitching and the most widely-used 

process) is used to bind single-layer blocks. 

It takes absolute priority in the production of magazines, multi-page advertising bro-

chures, and similar products. Two or more staples are inserted from the inside to the 

outside or vice versa into the back fold. However, the staple closure usually takes 

place in the product’s interior. [5] 

 

 
Figure 2.12: Different wire binding methods (source: Handbook of Print Media) 

 

Unlike the staplers known from office use, stitching machines for industrial purpose do not 

use preformed staples. Instead, a special tool called stitching head cuts the wire coming from 

a spool and forms the staple automatically. This is done by two downward moving bending 

rods while the cut wire section is held in position by the bending block. A driver then pushes 

the staple through the product’s fold line and the staple’s legs are closed by a die located un-

derneath the product. Generally, saddle stitching machines have an active mechanism using 

bending wings to close the staple. Thereby, so called flat staples are produced. The feed rate, 

the distance between the knife and the bending block as well as the distance between the 

stitching head and the product are adjustable to fit the system to the product’s thickness. For 

each staple in a back-stitched booklet, one stitching head is installed, whereby the interspace 

between the staples is depending on the size of the stitching heads. In general, one can say 

that the minimum is approximately 75mm. [6] Due to the similarity of operation, there are 

standard stitching heads available that can be installed in the machines of various manufac-

tures, with exception of high performance machines. There must be no relative motion be-



20 

tween stitching head and the product while the stitching is performed. For this purpose, the 

inserted block is either stationary under the stitching station or the stitching head has to follow 

the product with the same speed. Therefore, so called, flying stitching heads are used with 

high performance machines. For newspapers and magazines with a few pages, wire-stitching 

modules are also integrated into the web press (see chapter 2.4). 

 

 
Figure 2.13: Functional principle of offline wire-stitching machines (source: Handbook of Print Media) 

 

 

2.3. A market in change 

 

As consumers have increasingly turned to television and the internet for news, the circulation 

of paid newspapers has declined by 2 to 4 percent annually for more than a decade in most 

developed markets and this trend is set to continue. In addition, free commuter tabloids have 

lured away some paying customers. [14] Inspired by the free small format newspaper 

“Metro”, established in Stockholm in 1995, this new type of press has spread widely and is 

nowadays available in many big European and US cities. Figure 2.14 shows the worldwide 

growth of free daily newspapers. As a result, the revenues and profits of traditional newspa-

pers are under intense pressure. 

Therefore, publishers try to reach new audiences and to improve customer satisfaction. This is 

mainly to be realized by the new compact tabloid format. The target audience are particularly 

young recipients that used to read newspapers rarely or not at all before. 

In some areas, great variations in language can be seen when comparing tabloid and broad-

sheet newspapers. Therefore, the term "tabloid" has become synonymous with down-market 

newspapers and boulevard press. Whereas tabloid language is always simple, provocative and 

punchy, broadsheet language is often more difficult and sophisticated. [15] 

However, the word "tabloid" in the United States can refer more to format than to content. 

The tabloid format is used by a number of respected and indeed prize-winning American pa-

pers. [16] 

Even several important broadsheets across Europe have recently converted themselves into 

tabloids, and the format has proved popular, with circulation rising by an average of 6 to 8 

percent in the year following the transformation. [14] This was especially the case in cities, 

where free commuter newspapers already exist. The format change is sometimes carried out 

as an additional offer, coexistent to the traditional newspaper, to analyze the customer’s reac-

tions. Sometimes it is done as a complete change with the tabloid format replacing the large 

one. [17] The Independent which was the first of two quality morning papers in the United 

Kingdom to convert itself into a tabloid is a particularly successful example. It managed to 

increase its circulation by 18 percent within six months of the format switch. Market research 

also indicates that tabloids enjoy above-average circulation growth among younger and fe-

male readers; groups that are coveted by advertisers. [14] 
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Figure 2.14 (to the left): Growth of free daily newspapers worldwide (source: INMA) 

Figure 2.15 (to the right): National newspaper industries with 50% or more 
compact formats in 2007 (source: INMA) 

 

 

2.4. Inline wire-stitching 

 

2.4.1. Functionality of inline wire-stitching machines 

 

Single sheets can be bound either by an in-line application of glue or by stitching the product 

together with wire staples. High-performance (saddle) stitchers are incorporated at different 

positions in the production line, depending on the type of production. High-performance 

stitchers operating at full production speeds are incorporated in the folder. [5] These full 

speed stitchers are especially used in tabloid production, as the staples can only be added 

crosswise to the moving direction of the paper web. Therefore a special knife (web-slitter) has 

to be mounted on the former to halve the web into tabloid size (see chapter 2.2.3.1). Com-

pared to a broadsheet, the tabloid product has twice as many pages since the halves of the web 

are placed on top of another using the former. Several formers may be used in case of double-

width presses, triple-width presses or multiple printing units. In contrast to saddle stitchers, 

mostly “passive” closing heads are used, hereinafter referred to as bending dies. The stitching 

head as well as the bending die perform a rotary movement synchronized to the web speed in 

order to avoid relative motion between the staple and the paper. Commercially available ma-

chines are designed in one-piece, two-piece or three-piece cylinder scales and the number of 

stitching units ranges between two and six in axial direction. Two different types of machines 

with different installation positions and production possibilities have successfully established 

themselves in the market: 

 

• Ribbon stitchers are installed under the former and provide an additional cylinder 

that is equipped with the bending dies. The web is led between the two cylinders and 

stitched before it is segmented on the tucker blade cylinder. There is a great variety of 

production possibilities, depending on the number of formers available. The simplest 

stitching arrangement can be realized together with a single-width, single-round press 

and a single former (see figure 2.18). By this means, one type of tabloid product is 

produced and each copy is stitched which is referred to as straight mode. Printing with 

a double-round cylinder in collect-run, every second of the subsequent sections may 

be stitched. This is commonly known as skip stitching mode. When collected on the 

tucker blade cylinder, the finished tabloid product is composed of a stitched inner or 

outer section and loose section(s). The same result can be achieved by the use of more 

than one former (see figure 2.18) but not stitching all of the ribbons. In order to not to 

go beyond the scope of this work, table 2.16 shows only a few generally applied op-
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erational modes on up to two formers. The tabulation does neither take into account 

that several ribbons can be joined after the former (acting like one former) nor that 

tabloid products can be inserted into loose broadsheet products. 

 

• Cylinder stitchers work together with bending dies that are fitted on the tucker blade 

(folding) cylinder (see figure 2.18). The staples are added to the product after the web 

has been cut into segments by the knife cylinder. Each segment is stitched in straight 

stitching mode when using a single-round press or a double-round press in double pro-

duction. However, when operating in collect-run, every second segment remains on 

the tucker blade (folding) cylinder and passes the stitcher two times. In doing so, it can 

either be stitched in the first pass or together with the outer section in the second pass. 

Hence, the finished tabloid product consists of a stitched inner section and a loose 

outer section in the first case, whereas it is stitched completely in the second case.  

 

 1 Former 2 Formers 

Single round press or 
double round press 
(in double production) 

One stitched tabloid with the 
stitcher in straight mode 

Stitched inner or outer section one 
stitcher in straight mode 
 
Stitching both tabloid sections indi-
vidually with both stitchers in straight  
mode 

Double round 
(in collect-run) 

Stitching both sections individu-
ally with the stitcher in straight 
mode 
 
Stitching the inner or outer sec-
tion with the stitcher in skip mode 

Stitching all four sections with the 
stitchers in straight stitch mode 
 
Stitching any of the four tabloid sec-
tions with the ribbon stitchers in skip 
stitch mode 

Table 2.16: Production possibilities when applying ribbon stitchers  

 

 

 Stitching against the tucker blade cylinder 

Single round press or 
double round press 
(in double production) 

Stitching one tabloid with the cylinder stitcher in straight stitch mode 

Double round press 
(in collect-run) 

Stitching one double pagination tabloid with the cylinder stitcher in collect 
stitch mode 
 
Stitching the inner tabloid section with the cylinder stitcher in collect stitch 
mode 

Table 2.17: Production possibilities when applying a cylinder stitcher 
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Figure 2.18: Ribbon stitchers installed under a single former (to the left) as well as under two formers 

(in the middle). Cylinder stitcher mounted against the tucker blade cylinder (to the right). 

 

 

Even though they are different in the placement of the bending dies and in production possi-

bilities, the two types of stitchers work on the same principle. They are driven either by a me-

chanical connection with the folder or shaftless by a motor drive. When driven shaftless, the 

stitcher is controlled by a signal from an encoder which is mounted on a cylinder already ex-

isting in the folder. Likewise, a wire feed station mounted on the stitcher is driven either me-

chanically or by a stepmotor. It pushes a wire section into the machine, which has the overall 

length of the staple to be produced. Thereby the wire is unwound from a spool (or a drum) 

containing up to 300kg wire with the help of special unwinders. Since each stitching unit is 

supplied by a separate spool, a stitcher adding four staples, for instance, is equipped with four 

wire spools. As already mentioned, the stitcher itself consists of up to six stitching units, with 

each unit containing between one to three revolving stitching heads, a cutting device, a shap-

ing wheel, a cam and a retaining fixture to secure the already formed staple. Generally, the 

stitching heads are composed of a fixed wire rest and a cam-controlled, moving catch fork. 

When the wire is fed into the machine, it passes the cutting device and is, moreover, pushed 

across the raceway of the catch fork. The wire is then cut by the rotating fork and the cut 

segment is deposited on the fork (see figure 2.19, first step). 

As the rotation proceeds, the forming wheel is passed, which pushes the wire segment into the 

fork and onto the wire rest. Thereby, an opened, U-shaped staple is formed automatically (see 

figure 2.19, second step). 

In the further course of the process, the staple is carried to the bending die that is either 

mounted on an additional cylinder in the stitching machine (ribbon stitcher) or on the tucker 

blade cylinder (cylinder stitcher). During this transportation, the staple is held in position, 

against the centripetal force, by a retaining fixture. As the die approaches, the fork is retracted 

by a cam-controlled motion in order not to collide with the die carrying cylinder. Further-

more, this has to be done at an earlier point of time to avoid penetrating the web with the fork, 

in case using a ribbon stitching machine (see figure 2.19, third step). 

Since both, the staple and the bending die do a rotary motion towards each other, the staples’ 

legs hit the paper and are being pushed through it by the wire rest. When entering the grooves 

of the die, they are bent over and thereby the staple is being closed (see figure 2.19, fourth 

step). 
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Figure 2.19: The functional principle of a tabloid (ribbon) stitching machine 

 

 

2.4.2. Tolerans AB 

 

Tolerans AB is a Sweden-based manufacturer of machinery for the newspaper and commer-

cial printing industries. The company is located in Tyresö on the outskirts of Stockholm. It 

was established in 1947 as an engineering consultant and sub-supplier, and began to develop 

and manufacture own products a few years later. Already in 1968 the first inline stitching ma-

chine was delivered. In the early seventies the stitching technology became standard for 

Swedish tabloids. But to this day, there is no possibility to stitch broadsheet products at full 

press speed in the folder. This means that the transition to tabloid format (see chapter 2.3) is a 

prerequisite for inline stitching, thereby contributing a lot to the company's success. This for-

mat change is mainly driven by the worldwide spread of free, compact commuter newspapers. 

Supported by this trend, the company has grown immensely and has almost tripled its sales in 

the last three years to an annual delivery of 150 machines without gaining market share from 

its competitors. Measured relative to the total market of 300 machines each year, Tolerans is 

by far the world’s leading manufacturer of in-line stitching systems. Even though an accumu-

lated number of over 1800 in-line stitchers has been delivered since the first one was installed 

in 1968, the market is far from being saturated: Only four percent of all the world’s printing 

presses are equipped with the technology to stitch inline, either with a Tolerans machine or a 

competitive product. Beyond that, the company today supplies a broad range of in-line finish-

ing systems, such as web slitters and perforators as well as services to worldwide markets. 
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3. The product profile 
 

3.1. The current market situation (SA) 

 

According to a Heidelberg estimation on the basis of year 2000 information, the worldwide 

430 000 printing companies will achieve a turnover of approximately 460 billion US dollars. 

Figure 3.1 shows the worldwide market volume divided into the individual product types. 

 

 
Figure 3.1: Estimation of the worldwide market volume of individual printing products 

(source: Heidelberg) 

 

As it can be discerned from figure 3.1, advertising and commercial printing has about three 

times the monetary relevance as, for instance, newspaper printing. However, besides the dif-

ference in financial importance, a significant difference in the physical appearance of the 

products can be seen, too. Whereas for newspapers the major trend points towards tabloid-size 

(see chapter 2.3), commercial products as well as advertisings are generally produced as quar-

ter-fold products. The TV guide, sometimes provided in local newspapers, is a sample of a 

quarter-fold publication. In addition, there are even some newspapers using the quarter fold 

format to create a magazine look. This format is also referred to as magazine format or mini-

tabloid since it is mainly used for magazines and it is exactly half the size of a tabloid. Fur-

thermore, with respect to the product’s pagination and quality, two classes of commercial 

products can be distinguished: 

 

• Magazine-style products are usually of high paper and print quality and are bound us-

ing wire-stitching or perfect binding. 

 

• Brochures, such as advertising inserts, mailings and leaflets are of better quality than 

newspapers but of lower quality than magazine products. Furthermore, they are of low 

pagination and consist most of the times of loose, individual folded sheets. 
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3.1.1. Printing industry 

 

The two mentioned commercial product types differ a lot in their production process. Maga-

zine-style products are printed on high quality, commercial presses using special paper and 

ink. The finishing is always processed “offline” on special machines due to a flexible, glossy 

cover being added. 

Lower quality products, however, such as advertising inserts, can be printed on special news-

paper presses. As common morning newspapers are printed only for a few hours during night 

time there are free capacities on these presses during daytime. In the last years, the desire was 

expressed among newspaper printers, to be able to process commercial orders outside news-

paper printing by an increased production quality. Therefore, “upgraded” newspaper presses 

which are among other things equipped with a dryer to use specific paper and ink combina-

tions, have enabled newspaper printers to expand their production capabilities and thus gain-

ing market shares by offering different printed products. Since these presses, however, do not 

meet the highest quality standards they are referred to as “semi-commercial” and nowadays 

are used only to print low- to mid-quality commercial products at high quantities. In case of 

daily newspapers, they are now able to produce an adequate amount of lightweight advertis-

ing material to insert it into the newspaper as it is produced at normal press speeds. 

Especially these newspaper inserts have had a constant growth in recent years. This is mainly 

based on the immense growth of free daily newspapers that are mostly financed by advertise-

ments (see chapter 2.3). Furthermore, research proves that consumers read newspaper inserted 

material more thoroughly and with greater attention than, for instance, mailbox distributed 

material. 

However, it is not possible to have an accurate overview of the market because of the absence 

of industry statistics. Unlike printed advertisements in a paper, which can be monitored by 

sampling a few copies of a newspaper or magazine, inserts are more difficult to monitor. For 

example, if one sees an insert in the Daily Mail one does not know whether the insert was put 

in 50,000 copies or 3 million copies. [18] 

In addition to the general tendency towards small-size products, higher production speeds and 

advertisement inserts, there is a trend towards bound products which is pushed by the editors 

to meet the readers requests. As bound products have a more attractive form and a longer life-

time, it is possible to attract more readers as well as advertisers. Moreover, the binding of 

printed products is sometimes even stipulated by laws and regulations. Some local traffic 

networks, for instance, demand the binding of free newspapers and advertisements distributed 

in the stations, in order to reduce littering as all pages are secured together. 

 

 

3.1.2. The reader 

 

The reader is the end customer and determines the market development with his demands on 

print products. Being on the way to a more mobile society, especially commuters, young peo-

ple and women are expressing the wish for small-size, compact print products as they may 

want to read them on their way to work, on the campus or simply want an easy-to-handle pa-

per size. Hence, with more and more newspapers changing to tabloid, or even smaller formats 

(see chapter 2.3) inserts are usually attached in quarter fold size as they must not exceed the 

newspapers format. This major trend towards small-size print products comes along with the 

reader’s behaviour to more and more involve the internet for information retrieval. Core print 

products will become smaller to fit new consumer lifestyles and will offer a basic overview on 
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news and on the market whereas detailed and rich articles on special topics as well as detailed 

product information will move online. 

As bound products give a magazine feeling, a sense of quality and increase of the ease of 

handling, the binding contributes to the customer's satisfaction. Furthermore, the lifetime of 

bound products will be improved since they are more durable and do not fall apart. For some 

products the life time may be essential, since they are in use for a long time. For example, the 

above-mentioned TV-guide, which is used for a whole week, or special issues which the read-

ers want to save and read for a longer period of time. 

 

 

3.1.3. The competitive situation for compact print products 

 

The market for binding machines is a niche market because it is based on the specific and 

specialized needs of the printing industry. Besides looking at the horizontal competitive situa-

tion in the market of bindery equipment (see chapter 4.1) it is therefore important to investi-

gate the threat to the only customer, the printing industry. What is referred to as vertical com-

petition is the threat to a specific group of products or services by another group that meets 

the same customer needs. The last years, print media have been confronted with a lot of com-

petitive products and services which provide information to the reader in an electronic way. 

Though these electronic media, such as radio and television, have existed for a long period of 

time, the situation for traditional print media became worse with the use of computers and the 

internet. 

Print publishers have to compete aggressively with the new formats for both, revenue from 

readers and advertisers. On the one hand, the internet itself is a medium with which print me-

dia must compete for the reader’s time and attention. On the other hand a more direct compe-

tition may come from online newspapers and ‘webzines’ which are magazines being pub-

lished exclusively for the internet. However, it seems that consumers are using traditional 

print media along with new technologies and the internet. 

An European survey concludes that time spent reading print magazines and newspapers has 

remained stable over the past two years despite the growing use of the internet. Although time 

spent online doubled from two hours to four hours per week, the average European spends 

three hours a week reading magazines and newspapers, the same as two years ago. [19] 

Furthermore, another survey shows that advertising money is not shared among the different 

types of media at the same proportion as time spent. In the US, households apparently spend 

thirty percent of their media time online, whereas advertisers are spending only eight percent 

of their budgets there. [20] 

Hence, despite the strong growth in electronic media, the market for print media remains large 

and attractive since a high proportion of the ever-growing advertising expenditure flows into 

print media, and the demand for print and electronic media especially worldwide is increas-

ing. [5] It can be clearly discerned from figure 3.2 that the print media’s share of total adver-

tising is declining, but real expenditures are still rising. 
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Figure 3.2: Development trends in the market for print media and electronic media 

(source: Handbook of Print Media) 

 

When taking a closer look at commercial print work, one can observe that the market is split 

up into a loosing and a winning part. Thick products with a high pagination, such as classified 

directories, “yellow pages” and catalogs are likely to suffer the greatest losses due to the ease 

of use of electronic media. Online versions are becoming more and more popular, as they of-

fer search engines and up-to date data stock. Whereas free information material, leaflets and 

advertising inserts in both, magazines and newspapers are not affected by new media in the 

same way and are expected to see consistent and further use. Moreover, printed advertising is, 

unlike other media, welcome and expected by customers. 

In 2001, a study carried out by the Newspaper Association of America (NAA) found that 

nearly two-thirds of consumers say that newspapers are their primary source of shopping in-

formation. In addition 76 percent stated that they usually check the advertising inserts just to 

see what’s on sale and another 70 percent look at newspaper inserts intentionally when shop-

ping for a specific item. [21] 

In addition, history has demonstrated that the theory of “new media” to replace print media 

did not hold true in the past: During the 1920s it was the radio; in the 1950s the television; in 

the 1980s the computer; and now it is the internet that is supposed to replace printing. The 

fact is that print is still a dominant medium and is continuing to grow. [5] 

 

 

3.2 The initial problem for development (PC) 

 

As a result of the previous chapter, one can say in summary that print media is not to be re-

placed by any electronic media in the near future. Though, some fundamental changes can be 

seen on the market, which are caused by the reader’s changing lifestyle: 

 

• Trend towards small-size, compact print products 

• Trend towards binding 

• Trend towards low priced or free products (financed by advertising) 

 

The change from broadsheet to tabloid format has been an essential step for the binding of 

print products at full production speed and inline wire-stitching machines such as the Tolerans 

Speedliner for instance. They have established themselves on the market more than other 

binding methods. Since the staples are added crosswise to the paper web, the cutting of the 

wire, the forming of the staple and the actual stitching process can be performed in a single 

rotary motion (see chapter 2.4.1). The finishing of the products at high speed enables the 
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printers to keep production costs to a minimum which is a basic requirement for both, free 

newspapers and advertising material. 

Pushed by the three above-mentioned major trends on the market, there is a big demand from 

the printing industry to have the possibility to bind quarter folded products at full production 

speed as well. But, the staples then need to be added in the same direction as the web flow in 

the folder, that is longitudinal to the web (see chapter 2.2.3.1). As available inline binding 

machines on the market, such as the Tolerans Speedliner, cannot be used for this application, 

quarter folded products are processed on separate machines outside the folder which usually 

do not work at full production speed. In doing so, production time and thereby production 

costs rise, which is unacceptable for low-cost products, such as advertising inserts and leaf-

lets. Therefore, in a first step the product profile for a new solution solving these problems 

can be defined as: 

 

“High-speed inline binding machine for quarter folded products with low pagination.” 

 

 

3.3 Comparison of available joining methods (AS) 

 

Regarding the target market, the products are usually printed on offset web presses and folded 

completely in the folder. Thus, related to the process, by joining several paper webs and fold-

ing against the jaw cylinder (see chapter 2.2.3.1) the finished product assumes a single-layer 

block shape. Due to the low pagination, there is, in general, no need to further process these 

blocks into multi-layer products by means of perfect binding or threat stitching. Neither is 

side threat- or wire-stitching acceptable as the products then could not be opened up entirely. 

In the following the advantages and drawbacks of different joining methods (see chapter 

2.2.3.3. and 2.4.1) with regard to industrial high-speed binding are investigated. Thereby, glu-

ing and wire-stitching are subdivided into processes which take place outside and inside the 

folder since they differ a lot. 

 

• Perfect binding has to be carried out after the product has taken its final form in the 

folder. Generally, when perfect binding a single-layer block, a sheet block is created 

by cutting off the back edges. Adhesive is then applied to these sheet edges. In doing 

so, all pages do have exactly the same size irrespective of the pagination. Whereas 

with other binding methods, there is a paper creep on thicker publications since pages 

near the center will be narrower after trimming than those near the cover. Hence, pub-

lishers tend to select perfect binding due to aesthetic considerations as it offers a book-

like appearance which is preferred especially for high quality products with high pagi-

nation. However, there are also some serious disadvantages which come along with 

perfect binding. Other binding methods allow the product to have its cover printed as a 

part of its outside section if the paper quality is adequate, whereas a perfect bound 

product must have a separately printed cover or at least a backing strip to cover the 

adhesive. By reason of page alignment, perfect-bound products do not lie completely 

flat when opened. The process demands a high need of energy and time due to drying, 

which results in production speeds of between 4.000 and 5.000 products per hour de-

pending on the type of glue. Furthermore, perfect binding is a qualitatively unstable 

process that can be far from perfect unless the right paper and glue combination is 

used. 
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• Gluing in the folder or the folder’s superstructure is processed by applying adhesive 

onto the fold lines of the webs before the actual fold is performed. Thereby, it is pos-

sible to finish the product completely in the folder at full production speed. Gluing on 

the fold lines is characterized by high durability and versatility. The process can also 

be utilized to produce paper bags, envelopes or to double the paper thickness as well. 

In addition, gluing does not increase the product’s thickness in the spine which eases 

stacking and packaging. But there are also some major drawbacks regarding the prod-

uct as well as the process. Only the two middle pages of the product can be opened up 

completely whereas all other pages are glued together by half the breadth of the glue 

line. Moreover, each web has to be glued separately, often with the necessity to sepa-

rate the ribbon after the former, since it is not possible to glue the product as a whole 

in a single step. Therefore, there are difficulties in collect-run production as well as in 

retrofitting of existing folders due to required space. 

 

• Thread stitching is generally applied together with gluing to bind books using multi-

layer blocks. Though, it can be used likewise to bind single-layer products such as 

magazines and brochures. The binding is of very high quality, offers a durable connec-

tion/joint and is even applicable to paper that is not suitable for gluing. In addition, 

normal binding threads do not add much to the spine’s thickness and the product can 

be opened up completely. But in spite of all these advantages in quality thread stitch-

ing has a very low market share. The main reason for this is the very low processing 

speed due to the complex sewing mechanism. The average production speed on the 

market is about 5.000 products per hour, whereas the fastest and most expensive ones 

are up to 12.000. Thread stitching necessitates an active mechanism on the spine’s in-

side to convey the tread from one needle to the other. 

 

• Saddle wire-stitching gets its name from the inverted V-saddle on to which the folded 

sheets are placed. Wire-stitching offers a high economic efficiency as it is based on a 

simple and safe working principle. Being less complicated the machines tend to run 

faster than thread stitching ones, which has time and cost advantages. Depending on 

the paper grade the maximum thickness for wire stitched products is about 96 pages. 

[6] In contrast to gluing and thread stitching, all pages are secured in a single working 

step. The average production speed is about 12.000 products per hour. Despite the fact 

that full production speed is not reached with today’s saddle-stitching machines, they 

are often integrated into the workflow by splitting up the production flow on several 

machines. However, wire stitched products show some minor disadvantages which 

mostly affect high quality products. The staple size and the wire diameter have to be 

adjusted to the product in order to avoid swelling and paper breaking in the back edge. 

Besides an aesthetic effect, there is the risk that the staples oxidize on products with a 

very long lifetime, such as manuals. 

 

• Inline wire-stitching in the folder offers almost the same characteristics on the fin-

ished product as saddle wire-stitching with the exception that it is not possible to 

merge different paper grades (e.g. a glossy cover) as the whole product is finished in 

the folder. In terms of production, this stitching method offers less flexibility due to 

machine design. On the other hand, the rotary motion in combination with passive 

bending dies allows much higher production speeds which range from on an average 

of about 80.000 to 120.000 products per hour. With the machine being positioned in 

the folder’s structure there is a great saving of space. Furthermore, there is no need to 
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take charge of the product handling and conveying since this is carried out by the al-

ready existing machinery in the folder. 

 

 

3.4 Choosing the most applicable binding method (SS) 

 

In the following, the product’s profile is further refined by choosing a binding method. There-

fore, the five above-mentioned methods are rated by means of a weighted evaluation. The 

criteria’s importance shows how each single criterion impacts on meeting the requirements as 

yet specified in the profile. The rates range between 0, that is no impact or no fulfillment and 

10, which represents full impact and fulfillment respectively. 
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Binding performance 10 2 9 1 4 9 

Product quality 6 8 6 8 6 5 

Existing know-how 6 1 4 1 6 10 

Flexibility 5 5 3 6 6 4 

Ease of product handling 5 2 8 2 3 8 

Ease of retrofitting 5 4 3 4 4 7 

Installation space 3 3 8 3 3 8 

Durability 2 7 3 8 6 6 

  152 250 149 198 311 

Table 3.3:  Evaluation of binding methods 

 

Binding performance is the most important criterion where gluing as well as inline wire 

stitching in the folder offer the highest grade since both work at full production speed. The 

term product quality describes aesthetic and functional aspects such as swelling of the back 

edge. When developing a new product the available know-how is very important where e.g. 

Tolerans AB has a long-standing experience with inline wire-stitching and also has close co-

operations with many folder manufacturers. The ability to process various paginations, for-

mats and paper grades is referred to as flexibility. Product handling means the infrastructure’s 

complexity that is required for instance to grip, convey and position the products. Further is-

sues are the ease of retrofitting in case of already existing production lines and also the re-

quired installation space which is different for machines positioned inside the folder and sepa-

rate ones. For the market segment under consideration the product’s durability is less impor-

tant than for instance for books as they are in use for only a few days or weeks. 

The evaluation shows that both processes carried out in the folder are superior to the other 

ones. Above all, the already existing know-how in wire stitching is the decisive factor for 
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inline wire-stitching inside the folder. Hence, the product profile can be specified more pre-

cisely as follows: 

 

“High-speed inline wire-stitching machine for quarter folded products with low pagina-

tion.” 
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4. The product idea 
 

4.1. The market situation: High speed wire-stitching of quarter 
folded products (SA) 

 

Today there is no solution available on the market that integrates wire-stitching of quarter 

folded products into the folder. In general, the products are bound on separate saddle wire-

stitching machines (see chapter 2.2.3.3.), which require a huge amount of manual work. Prod-

uct bundles are stacked manually, put onto pallets, moved to the offline stitching system and 

are loaded manually. However, based on variations of saddle wire-stitching there are some 

solutions available which can be integrated into the production flow. 

 

A conveyor drum is a folded sheet transport cylinder which combines both collecting and 

stitching. As conventional saddle wire-stitching machines are limited by the sidewise speed of 

the products this new working principle was developed. 

Up to forty saddle bars are mounted on the cylinder’s circumference. The processing stations 

are located above the cylinder along the surface line. After the sheets have been put onto the 

respective bar by a chain conveyor, they are rotated around the cylinder shaft with a simulta-

neous continuous shift in the surface line direction. Applying this method of conveyance re-

sults in an increase in output of up to 36.000 products per hour. [5] Though, offering high 

processing performance conveyor drums can not be considered as a real inline solution since 

the miscellaneous product sections have to be temporarily stored on reel storage units before 

the finished product is assembled. Figure 4.1 shows a saddle-stitcher conveyor drum system 

for the production of magazines. 

 

 
Figure 4.1: Operating principle of a conveyor drum processing system (source: Ferag) 

 

The Ferag StreamStitch was introduced to the market in 2005. It is the first system to offer 

real inline stitching in quarterfold production for commercial web offset machines, as it has so 

far only been possible to glue inline. StreamStitch is integrated between the folder and the 

packaging into the conveyor system as an autonomous component. This set-up avoids the 

problem of stitching longitudinally since the further conveying after the last fold (chopper 

fold) is usually carried out sidewise to the conveying in the folder. The products are trans-

ported through the machine in a suspended position using grippers. Thereby, the actual stitch-

ing unit is connected to the conveyor line from above, while from beneath the staple closing is 

performed by a large number of cylinder-mounted closing mechanisms that engage the inside 

of the spine. This machine is capable of producing up to 35,000 copies per hour. 
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Figure 4.2: Conveying line guided through a Ferag StreamStitch stitcher 

 

 

4.2. Quality Function Deployment – QFD (SA) 

 

Quality Function Deployment (QFD) is a process that provides structure to the development 

cycle and enables the developer to specify clearly the customer’s requirements. [22] The QFD 

process involves constructing one or more matrices. The first of these matrices is called the 

“House of Quality” as its structure can be likened to the frame-work of a house. It displays the 

customer’s requirements along the left, and the development team’s technical response to 

meeting these requirements along the top. This is, in technical language, a high level descrip-

tion of the product planned to be developed. [23] 

The frame consists of the planning matrix, which includes items such as the importance rating 

and a customer-perceived benchmarking. The roof is the trade-off of technical features, which 

is the interrelationship between elements of the technical response. The walls are the interrela-

tionship matrix between the customer requirements and the technical characteristics, where 

the strength of the relationship between each element of the technical response and every re-

quirement is judged. The primary focus are the customer requirements. The process is driven 

by what the customer wants, not by innovations in technology. QFD enables the design phase 

to focus on the key customer requirements, those elements that are defined as being very im-

portant to the customer. By addressing these elements, the design phase is shortened to the 

focus on items that the customer really wants. The QFD process is a very robust process. This 

means that things can be changed in the structure, but when done correctly, the top results do 

not really change. [22] The first matrix of the House of Quality can be found in the appendi-

ces. The data is based on long-time exchanges of experiences with the customers. One of the 

results that can be discerned from this method for the further development is how the main 

characteristics of the system (e.g. size, position of installation etc.) have an impact on the de-

manded quality (e.g. stitching performance, quality of the staples, reliability etc.). Figure 4.3 

shows how the main characteristics contribute to the customer satisfaction. 
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Importance of the machine's characterisitcs

0

5

10

15

20

25

S
iz
e 

of
 th

e 
m

ac
hi

ne

E
le
ct

ro
ni
c 

co
nt

ro
l s

ys
te

m

D
is
ta

nc
e 

be
tw

ee
n 

th
e 

st
itc

hi
ng

 h
ea

ds

P
iv
ot

 fu
nc

tio
n 

or
 a

dj
us

tm
en

t r
ai
ls

P
os

iti
on

 o
f i

ns
ta

lla
tio

n

D
es

ig
n 

of
 th

e 
st
itc

hi
ng

 fo
rk

R
ug

ge
dl

y 
de

si
gn

ed
 s
ta

nd

Lu
br

ic
at

io
n

Characteristics

R
e

la
ti

v
e

 w
e

ig
h

t 
[%

]

 
Figure 4.3: The relative weight of the system’s characteristics on the demanded quality 

 

 

4.3. The possibilities to stitch quarter folded products in the folder 
(PC, AS) 

 

When looking at the market situation it becomes clear that there are only two high speed 

stitching solutions available. Whereas only one of them is capable of inline production and 

none of them is capable of producing at full press speed. Furthermore, the customer’s re-

quirements determined in the Quality Function Deployment (see chapter 4.2) show a demand 

for a full speed solution and inline wire-stitching in the folder turned out to be the most suit-

able method (see chapter 3.4). Therefore, in the following, the problem to be solved is the 

way of integrating the machine into the folder’s structure.  

 

The installation position in the folder impacts both, the machine’s design and the finished 

printing product. Certain positions require either a ribbon stitcher, a cylinder stitcher, or 

stitching in the conveying part of the folder. Based on that, the finished products will differ in 

whether the staples are closed inside or outside the spine and whether the product is stitched 

at once or in sections. Figure 4.4 shows a common state-of-the-art folder structure that is sup-

plemented by two delivery cylinders, which is mostly a Heidelberg/Goss specific solution. 

The production possibilities resulting from the different installations are shown in figure 4.5. 

Below, the possible installation positions are analyzed in the same sequence as the paper trav-

els through the folder. 
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Figure 4.4: The different positioning possibilities in a Heidelberg/Goss Sunday folder 

 

 

• Position 1 is located in front of the former in the folder’s superstructure. The web 

passing the stitcher is of single web width, which means the width of a spread broad-

sheet. By inserting eight longitudinal staples in two rows into a broadsheet-sized sec-

tion the four therein contained quarter-sized sections are bound each with two staples 

in the fold line. In the further process this broadsheet-sized section is halved on the 

former as well as on the jaw cylinder and the back edge is added in the chopper fold. 

Hence, the finished quarter fold product will have four individually stitched sections 

which are inserted into one another. Irrespective of the stitching direction the staples 

of these sections will be closed alternately inside and outside the spine. By printing the 

same content both side by side and successively on each broadsheet-sized section, up 

to four times as many products can be produced at the expense of pagination. More-

over, by adding longitudinal staples into the web’s center line this installation position 

can also be used for broadsheet production. 

 

• Position 2 is located between the former and the tucker blade cylinder. Today, this in-

stallation position is generally used in case of tabloid ribbon stitching by inserting two 

crosswise staples sidewise to one another on a horizontal line. Though, it can be ap-

plied likewise for quarter fold production when inserting four longitudinal staples in 

the vertical center line of a tabloid-sized ribbon section. Compared to position 1 the 

ribbon has half the width and twice the number of layers since it previously has been 

folded on the former. Thus, the finished products will consist of two individually 

bound sections with the staple’s legs outside the spine on one section and inside the 

spine on the other. Comparable with position 1 there is the possibility to produce twice 

as many products of lower pagination by means of double production (two copies per 

revolution of the plate cylinder). 
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• Position 3 is stitching against the tucker blade cylinder where today’s cylinder stitch-

ers for tabloid production are installed. The stitching is performed after the web has 

been cut into segments by the knife-cylinder. Production possibilities are equal to 

those in position 2 besides the additional possibility to double the products’ pagination 

in collect-run production (see chapter 2.2.3.2.). 

 

• Position 4 is the option to stitch against the jaw cylinder. From this position on in the 

production flow it becomes possible to stitch the product as a whole, since the penul-

timate fold has already been performed during the changeover from the tucker blade 

cylinder to the jaw cylinder. Thereby, with every work step two longitudinal staples 

are applied into the longitudinal center line. In doing so, a single unitary product of 

full pagination is created with the option to double its pagination in collect-run. De-

pending on whether the jaw cylinder accommodates the bending dies or the staple 

supplying part of the machine, the staples’ legs are closed outside the spine or inside 

the spine respectively. 

 

• Positions 5 describes a special Heidelberg/Goss solution (see figure 4.4) and is not 

necessarily available on other brands’ folders. These additional cylinders receive the 

products from the jaw cylinder and deliver them to the conveying band in front of the 

chopper fold, therefore referred to as delivery cylinders. In straight production mode, 

the production flow is split up on two lines using two cylinders due to limited speed of 

the chopper fold units (see chapter 2.2.3.1.) whereas in collect-run production only 

one cylinder and one chopper fold unit is needed. When applying the same stitching 

technique as on the jaw cylinder the staples will be closed on the opposing side of the 

spine as the product is turned over during the transition to the delivery cylinder. 

 

• Position 6 is located between the delivery cylinders and the chopper fold unit. Usu-

ally, two conveyor belts are installed which guide the products to the last folding sta-

tion. The stitching process is comparable to ribbon stitching since an additional ma-

chine element carrying the bending dies has to be added. However, the difference is 

that the discrete segments instead of a continuous paper web make an exact alignment 

more complicated. Positioned after the jaw cylinder this position enables stitching of 

the whole product with the staples optionally inserted top-down or bottom-up. When 

looking at different manufactures’ solutions one can observe that this part of the folder 

in particular varies in terms of installation space. 

 

• Position 7 is the option to perform the stitching together with the last fold by integrat-

ing the stitcher into in the chopper fold unit. In doing so, the staple supplying part of 

the machine can either be integrated into the up- and downward moving blade or in-

stalled on the opposite side. Thus, the staples are closed on the back edge’s outside or 

inside respectively. Production possibilities are the same as with the three positions ar-

ranged in front of it. 
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Figure 4.5: Production possibilities and segmentation for the different installation positions in the folder 

 

 

4.4. Choosing the most applicable installation position (SS) 

 

In the following, the seven possible installation positions presented above are reviewed and 

some main advantages and drawbacks will be briefly addressed. After this the most adequate 

installation option is to be chosen by means of a weighted evaluation. Here again, the crite-

ria’s importance as well as the level of fulfillment are rated between 0 and 10. The five 

evaluation criteria are chosen as follows: 

As a large number of printing units is combined with huge costs there is the tendency to 

maximize the product’s pagination by means of folding and collecting. Hence, for most print-

ers it is of particular importance to have the option to use the folder to full capacity even dur-

ing stitching production. 

Due to aesthetic considerations it is desirable to have the closing of the staples inside of the 

product. Furthermore, in doing so the users’ safety is increased too, since the risk to harm 

oneself on incompletely bent staple legs is much higher on the exposed outside of the product. 

Different positions demand different degrees of machine complexity as the number of rows to 

stitch and, thereby, the demands on performance vary. The available installation space has an 

impact on the machine design and the ease of installation. Moreover, it is advantageous if the 

paper still consists of a continuous web or is at least guided by the grippers on a cylinder’s 

surface, in order to avoid additional adjustments. Already existing know-how and technical 

knowledge also plays an important part in the decision making. 

 

All installation options located before the jaw cylinder are not capable of utilizing the folder’s 

potential regarding the number of pages. Neither do position 1, 2 and 3 offer the possibility of 

a higher production output of individual thin products without additional effort, since they are 

inserted one into another when they leave the folder. Furthermore, it is not possible to vary 

the pagination of a single section as the total number of pages is segmented by a fixed ratio. 

The requirements for the machine’s performance and its complexity are also higher in these 

positions since more staples have to be added in the same span of time. For example position 

1 requires the machine to add four times more staples compared to a position located after the 

jaw cylinder. As the machines are also intended for retrofitting, it is important to minimize 

required modifications on already existing folders. Therefore, cylinder stitchers as they are 

inserted in position 3 to 5 are intended to work together with passive bending dies that can be 

mounted on the existing machinery. The actual stitching machine, however, is mounted sepa-
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rately and is acting against the existing cylinder with the staples’ legs pointing towards the 

cylinder. Hence, the staples are closed at the outside of the spine in position 4 and in the in-

side in position 5, whereas position 3 provides alternating closing directions for both sections, 

anyway. Especially position 7 requires fundamental modifications of the folder structure as 

the chopper fold units have to be completely replaced by a new design and experience in fold-

ing does not yet exist within Tolerans AB. 
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Possibilty to bind the product as a whole 10 0 5 5 10 10 10 10 

Direction of staple closing 6 5 5 5 0 10 10 10 

Availible installation space 5 8 8 8 7 6 5 2 

Availible know-how 5 8 10 10 6 6 4 0 

Machine complexity 4 4 6 8 8 8 4 0 

  126 194 202 197 252 221 170 

Table 4.6: Evaluation of installation positions 

 

Conclusion: It can be observed that installation position 5 is by far the most capable one. Even 

though the construction of using delivery cylinders is not common for all manufacturers, this 

position is chosen since Heidelberg/Goss has very high market shares in the focused target 

sector. Thus, the product idea is defined as follows: 

 

“High-speed quarter folder stitcher acting against the delivery cylinder in a folder” 

 

But even though the further development will be focused on this specific purpose, it should be 

noted that the same principle can also be applied for any other cylinder or in the conveying 

part by only modifying the system slightly. 

 

 

4.5. The specification of detailed requirements (DI) 

 

Since this development is not started on a customer’s order there are no contract specifica-

tions that can be transferred into a basis for further development. Thus, the list of require-

ments is created based on the knowledge from the foregoing chapters (see table 4.7). This 

design specification covers a wide range of requirements sorted by the main characteristics, 

such as geometry, kinematics etc. There are three different types of requirements that can be 

divided by their importance. Thus, they are of different relevance for the further development 

and decision making. 
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• d = definite requirement 

These demands have to be met under all circumstances. These requirements are irrele-

vant for the comparison and evaluation of solutions, as all solutions not fulfilling this 

function are unacceptable. 

 

• m = minimum requirement 

All requirements that are established by defining an upper or a lower limit. Solutions 

found are evaluated by the extent of exceeding the defined values.  

 

• w = wishes 

Demands that have to be met as far as possible, maybe making the concession to have 

additional work and expenses. Wishes are an additional and have not to be fulfilled. 

 

 

List of requirements 

 

Geometry 

• (d) Fitting size and installation space for the chosen Heidelberg/Goss folder.  

• (d) The circumference has to be a multiple of the cut-off length in order to 

have the same surface speed as the paper web.  

• (d) Irregular arrangement of the stitching forks to hit the right staple position 

using a constant revolution speed without accelerating/decelerating phases. 

• (d) Primarily designed for the use of 14mm staples (overall length 28mm) and 

a wire diameter of 0,5mm. 

• (w) The option of stitching with smaller staples by changing the stitching-unit. 

• (w) The option to alternately use wire-diameters of 0,4mm, 0,6mm, and 

0,7mm without changing the hardware. 

 

Mode of operation 

• (m) Possibility to add at least two staples in the quarter-fold line. 

• (d) Possibility to stitch the product as a whole. 

• (d) Closing of the staples’ legs in the inside of the spine. 

 

Kinematics  

• (m) At least 90.000 products per hour or 45.000 in case of stitching against the 

delivery cylinders. 

• (m) Minimal moment of inertia to reduce the drive power and response time. 

• (d) Possibility of pivoting/sliding the machine against the die-wearing cylinder 

in order to adjust it to different paginations. 

 

Material flow 

• (d) Suitable for already existing systems for wire-infeed using wire spools and 

drums. 

• (w) Indication for lack of stitching wire. 

• (d) Indication for lack of lubrication. 

• (w) Indication if the machine runs without paper. 

 

Safety 
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• (d) High reliability and safety in operation and need for warning notices where 

this can not be guaranteed. 

 

Maintenance 

• (d) All wearing parts have to be quickly accessible and must be easily ex-

changeable. 

• (d) A central lubrication system to reduce the number ob greasing points.  

 

Costs 

• (m) Use of standard components to a high degree for the purpose of reducing 

manufacturing costs. 

 
Table 4.7: List of requirements 
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5. The product concept 
 

5.1. The situation concerning patents (SA) 

 

5.1.1. Preliminary search for patents 

 

In the previous chapter it was figured out, that there is no folder integrated wire-stitching ma-

chine for quarter folded products available – neither one stitching against a delivery cylinder 

nor any other cylinder. But the fact that there is no product matching the new idea on the mar-

ket does not necessarily include that is has never been patented. In 1899 the director of the 

U.S. Patent Office once said: “Everything that can be invented has been invented”. Fortu-

nately this statement turned out to be false very soon and the amount of patented new prod-

ucts has actually increased since then. The other side of the coin is that this huge amount of 

already existing patents affects the product development and the search for new products to-

day. In most countries the patent term is 20 years from the earliest claimed filing date, which 

conforms with the World Trade Organization's agreement on intellectual property. Hence, it is 

not possible to place a new product on the market if another one’s patent on it is still in force. 

An existing, expired patent, in contrast, causes low economical profit from an invention since 

it is not permitted to exclude others from making, using or selling a “reinvented” product. In 

both cases one needs to know if a related patent is existing or not by conducting a search for 

patents. Whereas inventions that are visible in the market can easily be spotted, all others have 

to be found by an explicit search.  For some years now, the U.S. Patent and Trademark Office 

as well as the European Patent Office offer a computerized patent search that is available 

through a number of different public services. Performing an early search for patents results in 

two major advantages during the development process: 

 

• Performing a preliminary patent search can save costs and time. It is necessary to 

know before investing time, money and effort on an idea, if another company is manu-

facturing the same or a similar product. Furthermore, if the patent office has to grant a 

patent on a particular invention, one will have to file what is known as a patent appli-

cation. It is essential to perform a preliminary patent search because filing a patent ap-

plication with its associated specification, drawings and fees is an expensive and time 

consuming process. Before starting to file a patent application, it is required to be rea-

sonably sure that this idea is not covered by a previous patent. [24] 

 

• The patents located and reviewed can provide a wealth of information in the de-

velopment stages and in the preparation of the own filing. All or any one of the cited 

references could reveal aspects that had not previously been recognized and addressed. 

It may also be useful to learn in what way these inventions may have anticipated the 

own. Furthermore, valuable technical insight into the own invention may be gained 

and thus be used to one’s own advantage to refine the invention. Any of these discov-

eries could be suggestive of new approaches, design changes and legitimate, definable 

innovations that may enhance your application, or provide the basis for a new and suc-

cessful application in the event that the first one would be denied. [25] 
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5.1.2. Review of some of the most important and related patents 

 

In contrast to e.g. manufacturing processes where patents are often not filed, there is a huge 

amount of “physical inventions” that have been patented but never released on the market. In 

order to not go beyond the scope of this work, only the two patents being the most close to the 

defined product profile and idea are briefly explained in the following. Some other important 

patents that have been reviewed are presented in a chronological list (that can be found in the 

appendices) with the relevant application number, filing date, applicant and title. 

 

EP 0 981 450 1998-03-23 Ferag AG (CH) 

Device for longitudinally stitching multipiece printed products. 

Device for longitudinally stitching multipiece printed products. 

This invention relates to a rotating wire stitcher for already folded products being 

conveyed along a linear path in conjunction with an “active” closing device co-

operating with the stitcher (See figure 5.1 a). The conveying is done on a V-shaped 

passage; this set-up is also referred to as saddle-stitcher. The stitching heads (8) are 

hinged around a rotating support and are swung into a right angle position to the 

transport direction (A). While the wire staples are driven in and stitched, the stitching 

heads, as well as the closing devices are held in this position so that they move line-

arly. While the stitching heads are passing through the stitching region, a fixed con-

trol link (24) comes into effect on the control rollers, which results in a displacement 

of the drive-in plunger (10). Another fixed control affects the actuating plunger (34) 

in the direction of the arrow (I). The drive-in plunger, thereby acts as a staple rest and 

moves relatively to the stitching head and performs the actual stitching against the 

upwards moving bending elements. 

In case that two or more staples have to be added to the product there are different 

possibilities according to the patent.  

Two or more stitching heads (interacting with as many bending members) are pro-

vided, with the distance ‘a’ between the staples corresponding to the circumferentially 

measured distance between the stitching heads (see figure 5.1 b). Hence, the distance 

b between the rear staple of the leading product and the front staple of the following 

product corresponds to distance ‘a’ or is a multiple of it. 

Another possibility is not to use only one stitcher but to arrange a multitude of longi-

tudinal stitching devices in line, working synchroniously with each other. When add-

ing three staples, for example, the first stitcher sets the front staple, the second stitcher 

sets the center staple and the third stitcher the rear staple on each product in a con-

secutive sequence. 
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Figure 5.1: Patent, device for longitudinally stitching (Ferag AG) 

 

DE 27 55 210 1977-12-10 Koenig & Bauer AG (DE) 

Staple closing mechanism. 

A staple closing mechanism that inserts and closes staples, for use in a longitudinal 

stapling apparatus. It includes a staple closing cylinder (1) and a staple conveyor cyl-

inder (27) which also defines a conveying path for the product. The closing cylinder 

carries a rigid bending die (16) as well as a rotatable bending device (5). Furthermore, 

a staple driving plunger is carried by the staple conveyor cylinder. A staple is driven 

into the product (26) by the plunger as it passes between the two cylinders. The prod-

uct is not fixed on the conveyor cylinder with the aid grippers but is fed in by con-

veyor belts (24, 25). The staple’s legs passing through the product come into contact 

with the bending elements. The rigid insert bends a first leg of each staple and the 

rotatable bending device bends the second shank. The rigid bending device features a 

common crimping form (18), which is also referred to as apple-core, which bends the 

first leg in known manner opposite to the direction of the machine’s rotation. The 

rotatable bending device is driven by means of gear wheel drive linked to the ma-

chine’s motion. Hence, with further rotational motion, the bending surface (14) of the 

rotable device is positioned behind the second leg and, finally, this leg is bent over in 

the direction of rotation by means of further motion. The angular speed ‘w3’ of the 

bending device is preferred to be three to eight times greater than the ones of the ma-

chine’s cylinders, ‘w1’ and ‘w2’. In addition, a slotted (32) staple guiding tongue (30) 

holds the staple as its legs are bent over. Figure 5.2 shows the beginning of the bend-

ing process (part a) and the finishing of the process by bending the second leg (part 

b). 

 

 
Figure 5.2: The Koening & Bauer closing mechanism shown at two different points of time. 
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As one can see from the patents, there are solutions available that may partially fulfill the 

main function. But even though the main function may be the same, there are fundamental 

differences to the concept that will be presented in the course of this chapter regarding the 

design and the mode of operation. 

 

 

5.2. The Function structure and partial solutions (PC, AS, SS) 

 

To decrease the system’s complexity in the search for a solution the over-all function is split 

up into sub-functions, which is referred to as top-down analysis. Figure 5.3 shows a hierarchi-

cal structure down to the second level of sub-functions. This is a proven structure, which is 

generally compatible with any type of in-folder stitching construction in use today. 

 

 
Figure 5.3: The function structure of wire-staple binding 

 

 

5.2.1. The main structure of the system 

 

The machine’s main structure needs to be identified first, before the partial solutions for the 

sub-functions are to be defined. The stitching head has to follow the paper’s movement during 

the stitching process in order not to damage it due to the differential motion between the sta-

ple and the paper. To maximize the processing speed it is necessary to avoid acceleration and 

deceleration sequences. The only the way of doing so is to use a circular motion and to adapt 

the machine’s circumference to the paper’s cut-off length or the cylinder’s circumference it is 

stitching against respectively. By applying a rotational frequency that is a multiple of the pro-

duction speed it is possible to vary the machine’s circumference as a multiple of the cut-off 

length as well. This design is referred to as single-round or single-piece and double-round or 

double-piece respectively (see chapter 2.2.3.1.). Single-round, folder-installed stitching ma-

chinery in use today usually performs one action per stitching unit and revolution. If several 

staples shall be added to the product, usually two or four units are placed side by side per-

forming the stitching action at the same point of time (see chapter 2.4.1.). However, unlike 

conventional machines, longitudinal stitching against the delivery cylinder requires a single 

center positioned stitching unit performing the stitching actions successively (see chapter 

4.3.). Thus, in case of a product bound with two staples a single piece machine has to perform 

two stitching actions one after another in a single rotation (see figure 5.4). For the purpose of 

decreasing machine complexity and thereby increasing the production speed the aim is to in-

tegrate all sub-functions into the main rotary motion so that cutting, forming and penetrating 

the paper is caused by the kinetic energy of the rotation. 
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Figure 5.4: Conventional tabloid stitching and longitudinal stitching. 

 

When stitching against the delivery cylinder the machine has to be adapted to the surrounding 

conditions. The Heidelberg/Goss folder, taken as an example, contains a four-piece jaw cylin-

der with the delivery cylinders linked to the jaw cylinder by a one to-one ratio using a gear 

mechanism. Though revolving with the same angular speed, the delivery cylinders are smaller 

than the jaw cylinder with the intention of feeding the products into the cylinder-mounted 

grippers. Since there are two delivery cylinders available, each is equipped with 2 gripper 

bars, the production flow is split-up from four to two products per revolution on every one of 

the delivery cylinders. Hence, notwithstanding the fact that these cylinders feature almost 

four-round circumferences they are referred to as double-round in the following since two 

actions are performed with each rotation. Figure 5.5 shows the delivery cylinder with the two 

opposing gripper bars. The sheets have already been center cross-folded on the jaw cylinder 

and are fastened by the grippers with the spine ahead. Hence, the circular measure covered by 

the sheets is half of the cut-off length with a wide interval between them. 

 

 
Figure 5.5: The stitching machine’s size, the delivery cylinder and the production sequence 

 

As already mentioned, the machine’s circumference can be any multiple of the cylinder’s with 

which it is working together, when matching the angular speed in a fitting way. However, 

when taking the available installation space and the machine’s complexity into account, a 

single-round solution as well as a double-round solution are contemplated in the following. 

As it can be deduced from figure 5.5, the single-round concept is an asymmetric configuration 

since both stitching heads are positioned on one side due to the space between the sheets lying 

on the delivery cylinder. In doing so, the machine’s circumference and diameter respectively 

are half of the delivery cylinder’s one, whereas the angular speed has to be chosen twice as 

high. In contrast, the double round configuration has the same dimension as the delivery cyl-

inders. Hence, it is built up symmetrically and rotates with the same angular speed as the de-

livery cylinder to which it is linked to. 
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The more compact single-round machine is superior with respect to production costs, trans-

portation and installation efforts. Though, a double-round machine is capable of higher pro-

duction speeds due to the lower rotational frequency and balancing is not necessary, because 

of the symmetry. Figure 5.6 shows the relevant part of the Heidelberg/Goss Sunday folder as 

well as the dimensions of the cylinders and the single-round and double-round solution re-

spectively. As one can see from the drawing, the available installation space between the al-

ready installed machinery is restricted and a double round machine can not be fitted into the 

position defined in chapter 4.4. 

 

 
Figure 5.6: Folder dimensions 

 

 

5.2.2. Pushing the wire through the paper 

 

5.2.2.1. The stitching head 

 

The first sub-function to be contemplated is the actual stitching process which is the penetra-

tion of the paper layers by the staples’ legs. A usual stapling mechanism as shown in chapter 

2.4.1 performs a transverse stapling operation. Thereby, both legs are presented together to 

the web and the clenching operation is affected on both legs in a direction transverse to the 

direction of the web movement. To avoid bending of the staples’ legs against the direction of 

rotation the clenching may be optimized by offsetting the catch fork on the stitching cylinder. 

Thus, the staple is positioned in a way that it points radially towards the closing cylinder at 

the moment it hits the bending die. 

Such stapling mechanisms will not operate to insert a longitudinal staple for the reason that a 

longitudinal staple would present at first one leg and then slightly later, the other leg to the 

paper web. Moreover, while the clenching of one leg would have to be done by rolling it in 

the same direction as that in which the stapling cylinder is rotating, the clenching of the other 

leg would have to be made by rolling it in the opposite direction of the cylinder’s movement. 

As it would require great efforts to modify the cylinders already installed in the folder, pas-

sive bending are mounted and the motions necessary for the stitching process are carried out 

only by the stitching machine. In order to penetrate the paper with both staple legs together at 

the same time, the stitching head needs to be pivoted in a way that the staple’s legs point to-

wards the center of the cylinder which is wearing the bending dies. Thus, when fulfilling this 

constraint during the whole stitching process, the line of motion followed by the staple is 



49 

stipulated. The pivoting function is carried out by means of a rigid cam and a cam follower 

mounted on the stitching head. Figure 5.7 shows a stitching head with its three important di-

mensions, as well as a special case with the dimension c=0, such that the pivot axis is in line 

with the staple rest: 

 

• a - The height between the pivot axis and the staple rest. 

• b - The horizontal distance between pivot axis and the staple rest 

• c - The pivot arm’s length between the staple rest and the cam follower. 

 

 
Figure 5.7: Two possible designs for the stitching head 

 

The process that causes the actual stitching is the reduction in distance d between the staple 

rest and the delivery cylinder. In both above-mentioned cases the distance d is a minimum for 

alpha=0, when the pivot axis is nearest to delivery cylinder. However, there are also basic 

differences between the design with an offset mounted pivot axis and a centered one. 

 

 

5.2.2.1.1. Stitching head with offset pivot axis 

 

The distance r2 between the machine’s center and the cylinder’s surface can not be determined 

as the sum of the dimensions r1 and a, due to the offset in zero position of the staple rest. 

However, it can be calculated as follows: 
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   (equ. 5.1) 

 

Figure 5.8 shows some important dimensions for the excentric stitching head. The distance d 

can be calculated using equation 5.2 whereas equation 5.3 can be utilized to determine the 

stitching head’s angular deviation theta from the standard position that is tangential to the 

circle with radius r1. 
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Figure 5.8 (to the left): Dimensions for the calculation of the excentric stitching head 

Figure 5.9 (to the right): A 3d concept of the excentric stitching head 
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The dimensions a and b have to be chosen as small as possible to minimize the weight, the 

moment of inertia and undesirable sliding effects due to the pivoting. By creating a first con-

cept 3d model (see figure 5.9) the values a=25mm and b=30mm were found to be close to 

reality. With r1=163mm, the radius r2 can be calculated to r2=189,43mm using equation 3.1. 

Figure 5.10 and figure 5.11 show the distance d according to equation 3.2 and the stitching 

head’s angular deviation theta according to equation 3.3 respectively. Both diagrams are plot-

ted in relation to the angle of rotation alpha. 
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Figure 5.10 (to the left): Distance d in relation to alpha 

Figure: 5.11 (to the right): Angular deviation in relation to alpha 

 

Even though the stitching process (this means the development of value d) may be symmetri-

cal with respect to the pivot axis’ position, the staple rest’s position is not. Hence, the stitch-

ing is performed before the staple rest passes the zero position. 
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5.2.2.1.2. Stitching head with centered pivot axis 

 

By providing the stitching head with a center mounted pivot axis (offset b=0), the staple rest 

is located exactly on a line between the machine’s and the cylinder’s center-axis when it hits 

the bending die. Thus, the radius r2 can be determined as a sum of r1 and a: 

 

arr += 12       (equ. 5.4) 

 

Here, similar to the previous chapter, figure 5.12 shows all relevant dimensions and figure 

5.13 shows a virtual 3d prototype. In this case the pivot axis is integrated into the body of the 

stitching head, as it is not possible to extend the axis through the full width of the body in the 

center. 

 

 
Figure 5.12 (to the left): Dimensions for the calculation of the centered stitching head 

Figure 5.13 (to the right): A 3d concept of the centered stitching head 
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Figure 5.14 and figure 5.15 show the distance d as well as the angular deviation theta, both 

plotted in relation to alpha using the equations 5.5 and 5.6 as well as the values r1=163mm, 

a=25mm and r2=188mm. 
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Figure 5.14 (to the left): Distance d in relation to alpha 

Figure 5.15 (to the right): Angular deviation in relation to alpha 

 

 

5.2.2.1.3. Choosing an alternative for further processing 

 

As there are two possibilities regarding the stitching head’s design, the most suitable one has 

to be chosen for further processing. Besides a single potential disadvantage in manufacturing 

complexity the solution with a center-mounted pivot axis offers some important advantages in 

function: 

 

• A reduced moment of inertia due to the pivot axis being located closer to the center of 

gravity. 

• The smaller total length of the stitching head facilitates a more compact cam design as 

well as the reduction of the minimal distance between the two staples. 

• Reduced necessary angular deviation to pivot the stitching head radially against the 

cylinder. 

• Reduced effort to calibrate the machine against the cylinder as the stitching process 

(d=0) is done in zero position. 

 

 

5.2.2.2. Determining the machine’s circumference 

 

Due to the pivoting of the stitching head an additional rotary motion of the staple rest is gen-

erated. Hence, the staple rest’s over-all motion is composed of a rotation around the ma-

chine’s center with the angle alpha and a rotation around the pivot axis with the angle theta. 

Thus, the machine’s single round radius r2 (with r2=r1+a) can no longer be determined as half 

of the cylinder’s double round outside radius. However, the machine’s radius can be chosen in 

that way, that the resulting relative motion between the bending die and the staple rest during 

the stitching process is minimized. When the catch fork that supports the staple hits the die 

wearing cylinder, it is pushed down into the stitching head while the wire rest moves towards 

the die. Due to the catch fork’s design this process can be subdivided into two phases: 

 

• The first phase is the bending of the first 5 millimeters of the staple’s legs, which 

equates to the decrease of distance d from 7 to 2 millimeters. This part of the process 

is the most crucial one with respect to stitching quality, as the staple is completely lat-

erally fixed by the catch fork. The relative motion between the staple and the die 

which occurs during this phase is hereinafter referred to as sliding s1. 
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• The second phase is the reduction of distance d from 2 to 0 millimeters and the bend-

ing of the staple legs’ last 2 millimeters. Due to its special design the catch fork does 

not provide support during this phase of the stitching process, as the upper ends of the 

fork feature a cutting edge and a radius that enables a smooth insertion of the wire into 

the u-shape. Hence, the staple is enabled to skid laterally on the rest. Nevertheless, 

there is furthermore an undesirable sliding between the ends of the catch fork and the 

product lying on the cylinder. 

 

 
Figure 5.16: The catch-fork’s set-up (to the left) and relative motions 

Between the staple and the bending die (to the right) 

 

Figure 5.17 and figure 5.18 show the overall sliding s and the sliding s1 during the first phase 

respectively for different machine diameters d1. The diameter d1=326mm (r1=188mm) is cho-

sen as it presents a balance that minimizes both of the above-mentioned effects. 
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Figure 5.17 (to the left): Overall sliding s during stitching in relation to the machine’s diameter d1 
Figure 5.18 (to the right): Sliding s1 during the first phase in relation to the machine’s diameter d1 

 

In doing so, the staple hits the cylinder sideways to the grooves of the bending die and moves 

to its center during the stitching process (see figure 5.16, in the middle). However, a continu-

ous angular offset in the angle of rotation alpha between the machine and the delivery cylin-

der can be done to increase the stitching quality. Thereby, sliding during the crucial first phase 

is carried out symmetrically to the grooves of the bending die (see figure 5.16, to the right). 

 

 

5.2.2.3. The design of the cam 

 

Whereas the characteristics of the actual stitching process are only affected by the machine’s 

radius r1 and the stitching head’s height a, the design of the cam is mainly defined by the 

length of the stitching head’s arm c, that is the distance between the pivot axis and the cam 
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follower. Figure 5.19 shows a sketch of the cam which is divided into four sections. Section 1 

and section 2 are stipulated by these dimensions as well as by the constraints given by the 

certain functions to fulfill. Section 3 and section 4, however, have to be suitably adapted to 

these conditions in order to provide continuous transitions. The following calculations are 

based on the value c=70mm as well as the values r1=163mm and a=25mm as determined in 

the previous chapters. 

 

 

 
Figure 5.19: Sketch of the cam divided into four functional sections 

 

 

Section 1 (stitching state): 

 

As has been mentioned before, the stitching fork has to point radially towards the die wearing 

cylinder over the period of time the stitching is performed. The need for this requirement is 

given with the start of the actual stitching process when the staple’s legs hit the die. The cor-

responding rotation angle aplha1 can be determined by solving equation 5.5 for alpha. In case 

of a standard 28mm-staple (see figure 5.16) the dimension d must be set to the value of 7mm 

and the angle can be calculated as alpha1= 13,73 degrees. Even though the bending of the legs 

is finished in zero position (alpha=0), the radial constraint is retained after this for the same 

span of time in order to avoid damaging the product by an edge of the extending catch fork. 

Finally, the first section of the cam is defined by following the stitching head with the perpen-

dicular offset c for each point of this interval. 

 

 

Section 2 (cutting state): 

 

The second section is arranged opposite to the first one and is responsible for the stitching 

head’s positioning during cutting, forming and transporting. For this purpose, a constant posi-

tion normal to the machine’s center (theta=0) is the most suitable. Hence, this part of the cam 

can be easily defined as a segment of a circle with the radius: 

 

mmcrrc 43,33322

1 =+=     (equ. 5.7) 
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Section 3 and section 4 (transition states): 

 

The final construction as well as the concept are designed in the 3d CAD environment Auto-

desk Inventor® by creating volumetric models. In addition to conventional construction func-

tions, the capability to build a functional mechanism out of an assembly in what is referred to 

as Dynamic Simulation is a special feature which this program offers. The intent is to obtain 

results from kinetic analyses that had been accomplished by former building and testing of 

physical prototypes. Whereas unconstrained and ungrounded components in the assembly 

environment have six degrees of freedom, components in Dynamic Simulation have zero de-

grees of freedom by default and functional joints are built to enable motion. Furthermore, 

loads, friction and dynamics can be applied to the model and as a result of the simulation any 

physical parameter such as position, force and acceleration can be plotted over time. 

In the following, this application is used to find the most appropriate transition curve and to 

predict the resulting forces acting on the stitching head. Figure 5.20 shows a simplified test 

set-up, which consists of a stand including the cam, a wheel and a placeholder replacing the 

final stitching head. 

 

 
Figure 5.20: Simplified set-up for Dynamic Simulation 

 

This test set-up features the above determined values for the dimensions a, c and r1. The 

placeholder for the stitching head has a weight of kgm 1≈  and a moment of inertia of 
2836 mmkgJ ⋅≈ resulting from its weight and its shape. Both values must be considered as 

worst-case approximations based on the current knowledge at hand. The stitching head is in-

serted using a swivel joint for the pivot axis (joint 1) against the wheel and a tangential joint 

for the cam follower (joint 2) respective to the cam. 

The spline curves being investigated have to be constrained tangentially against the already 

existing sections 1 and 2 to provide smooth and continuous transitions. Finally, a rotary mo-

tion is added to the swivel joint between the stand and the wheel by setting the angular speed 

to 
s

1
5,12== αω &  (that is 45.000 copies per hour as defined in the list of requirements). Fig-

ure 5.21 shows the absolute forces acting on joint 1 and joint 2 as well as the covered angle 

alpha plotted in relation to time (three revolutions plotted, each taking 0,08s). One can clearly 

discern a peak value for the cam follower (joint 2) shortly before the stitching head reaches 

the first section of the cam. By varying this part, the peak force can be reduced from 1586N 

for a default spline curve to 1086N for an optimized curve. Figure 5.22 shows some examples 

for the spline curves with the related peak values and the corresponding locations of appear-

ance. 
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Figure 5.21 (to the left): Forces acting on the stitching head 

Figure 5.22 (to the right): Different transition curves with their peak force’s location 

 

 

5.2.3. Closing the staples legs 

 

As already mentioned the pivoting of the stitching head is carried out in order to provide a 

straight-lined motion towards the cylinder with the staple positioned at a right angle to the 

bending die (see figure 5.16). In doing so, the use of common “passive” bending dies as they 

are known from today’s tabloid stitchers becomes possible. Figure 5.23 shows a common 

Tolerans bending die with its crimping form, the two grooves on the upper side, and its coni-

cal design that enables clamping in a bracket mounted on a cylinder. Hence, instead of rolling 

over the legs and bending them against the direction of rotation, both legs are bent towards the 

staple’s center in the same way as they are bent using a stapler for office use. Furthermore, 

this kind of die can easily be mounted on any cylinder already existing in the folder, due their 

compact measures and the inexistence of mechanical moving parts. 

 

 
Figure 5.23: Tolerans standard bending die for tabloid stitching 

 

 

5.2.4. Wire cutting 

 

In contrast to hand-operated staplers, wire stitching machines for industrial applications gen-

erally do not use pre-formed staples. Instead, straight wire is supplied by spools and drums 

weighing up to 250kg. The staple production is shifted into the machine, which reduces both 

maintenance costs and efforts. Furthermore, most stitchers available on the market (including 

all Tolerans machines) integrate cutting and forming of the staples into the same structural 

element, more precisely referred to as catch fork, which is also responsible for lateral guid-

ance during the actual stitching process. The machine’s complexity and the number of mov-

able parts are thereby reduced to a minimum as the functions are accomplished out of the ma-

chine’s rotation. 

However, as it can be seen from figure 5.24, there is no working method to supply the wire to 

the catch fork when stitching in a longitudinal manner as described in the previous chapters. If 

fed radially or axially, the cut-off wire piece will be deposited in the wrong direction. If fed 
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tangentially, there is no perpendicular motion between the fork and the wire, which could be 

utilized to cut the wire. Above all, with such a set-up, it would be difficult to perform the sub-

sequent forming process for all three cases. 

The solution is to generate the same situation as it is in case of cross-staple stitching using a 

conventional tabloid stitcher. Hence, the catch fork has to be turned through 90 degrees 

around its center-line as shown in figure 5.24 to the right. This allows for the wire infeed to be 

carried out in a well known manner with the wire supplied axially to the catch fork. 

 

 
Figure 5.24: The catch fork in longitudinal stitching position and in cutting position 

 

The catch fork’s rotation is realized by a second cam and an additional cam follower mounted 

underneath the stitching head. Figure 5.25 shows a top-view of this extended set-up. The first 

cam (1) that accounts for the pivoting of the stitching head against the cylinder, is integrated 

into one of the machine’s upright stands (see also chapter 5.2.2.3). The additional, second cam 

(2) has to be situated on a ring-like, vertically aligned, structural element allowing the rotating 

stitching head (5) to follow its surface with a constant distance. Due to its shape, the second, 

lever-mounted cam follower (4) is displaced in such a way that a rotation of the catch fork 

through 90 degrees is caused. 

On this basis, a rotatable, round wire catch fork (7) has been created, as shown in figure 5.25 

to the right. Finally, the actual cutting process takes place between a hardened inlet pipe (11) 

and the catch fork’s cutting edge (9) where the wire is sheared off by the passing catch fork. 

 

 
Figure 5.25: Top-view of the extended set-up and a 3d prototype of the catch fork 
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5.2.5. Forming the staple 

 

With the wire catch fork positioned as described in the previous chapter, not only cutting but 

also staple forming in a known way becomes possible. Two different kinds of mechanisms to 

form the u-shape of the staple are known for use in state-of-the-art stitching machines. The 

most basic solution is a rigid former horn that tapers towards the staple rest. Thus, with ad-

vancing rotation of the machine, the piece of wire lying on the catch fork is pressed down 

between the horn and the lateral guideways. A further development is the former wheel that is 

mechanically powered by the friction between its surface and the passing wire pieces (see 

figure 5.26). After a short period of acceleration, the wheel rotates with the same circumferen-

tial speed as the passing wire. Thereby, friction that leads to an undesirable displacement of 

the wire is reduced. 

 

 
Figure 5.26: The staple forming process using a Tolerans former wheel 

 

As already mentioned, the moveable catch fork is mounted in the stitching head and it retracts 

during the stitching process thus enabling the staple rest to reach the bending die. During the 

process of staple forming, however, the catch fork has to be in a fixed, fully extended posi-

tion, since it acts as a counterpart to the former wheel or horn respectively. Figure 5.27 shows 

(on the left side) the forming device impacting on the wire which is supported by the catch 

fork. 

The basic chosen solution to solve this sub-function is to utilize the catch fork’s rotation to 

lock it during the process of staple forming. A groove-shaped and a tongue-shaped element 

are therefore added to the rotatable catch fork and the rigid housing in such a way, that the 

catch fork is unlocked and longitudinally movable during stitching, but locked in a position 

that is turned trough 90 degrees. Figure 5.27 shows (in the middle and to the right side) the 

application of this principle in the concept prototype: A revolving locking notch is added to 

the catch fork and a locking plate with two flanges is mounted on the stitching head. 

 

 
Figure 5.27: The locking function during staple forming 
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5.2.6. The transport of the completed staple 

 

The cutting and forming unit is positioned opposite to where the actual stitching process is 

performed. This is due to the special set-up of the machine and the need for a compact design 

since installation space is generally restricted with respect to height. Hence, the machine has 

to transport the already formed staple for half a revolution from the cutting/forming position 

to the stitching position. Thereby, the staple is fixed by the staple rest from underneath and 

the catch fork’s lateral guideways. Nevertheless, the staple can be positioned upward by the 

centripetal force acting on it. 

For transverse acting, tabloid stitching machines this problem is solved by mounting a hard-

ened metal horn on top of the stitching cylinder (see figure 5.28, on the left side). This horn 

engages between both brackets of the catch fork and retains the staple in its position against 

the centripetal force. 

 

 
Figure 5.28: The impossibility to apply the standard retaining component 

 

However, the new concept for longitudinal stitching adds additional motions to the stitching 

head and the catch fork. Besides the well-known rotation, the stitching head performs a pivot-

ing motion and the catch fork turns through 90 degrees (see figure 5.28, on the left side). Con-

sequently, it is no longer possible to apply a rigid, externally mounted retention element. The 

solution is to integrate the retention function into the moving system “catch fork”, more pre-

cisely the staple rest. This can be realized by either an integrated clamping mechanism or by 

means of magnetism that retains the staple. In order to reduce the number of movable parts, 

and thereby the complexity of the system, a solution with permanent magnets which are inte-

grated into the staple rest is chosen (see figure 5.28, on the right side). Thereby, two basic 

conditions have to be fulfilled: 

 

• The magnetic retention force has to be chosen higher than the centripetal force acting 

on the staple in order to secure it on the wire rest during the transfer to the stitching 

position. 

 

• The magnetic retention force has to be chosen lower than the papers power of resis-

tance in order not to rip/pull the already closed staple out of the product after the 

stitching has been performed. 

 

When using a standard staple with an over-all length of 28mm and a wire diameter of 0,5mm, 

the weight of a single staple can be calculated as:  
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Based on this weight, a rotating speed of 12,5 rev/s (45.000 rev/h as defined in the list of re-

quirements) and a radius r=188mm (r1+a) the centripetal force Fc can be calculated as: 

N
s

mkg

s
mkgrmFc 05,005,0)25(188,000004316,0

2

22 =
⋅

≈⋅⋅=⋅⋅=
π

ω  (equ. 5.8) 

  

In contrast the resistance power of the paper varies a lot depending on the pagination and the 

paper thickness. However, practical experience shows that even when applying a single 

newspaper sheet, paper resistance is much higher than the centripetal force. Figure 5.29 illus-

trates how to avoid damaging the product by choosing the magnetic retention force slightly 

higher than required. 

 

 
Figure 5.29: Illustration of the limit values regarding the magnetic retention force 

 

 

5.2.7. The wire infeed 

 

With every rotation, a piece of wire that has exactly the length of the staple wire has to be fed 

into the machine before the subsequent steps, such as cutting and forming, are performed. 

Generally, this is done by means of a separate stand-mounted feeding system that is either 

driven mechanically or shaftless using a servo motor. This system pulls the wire by pressing it 

between two or more rotating wheels. Thereby, the wire is automatically unwound from a 

drum or spool which is usually located up to ten meters from the stitcher. 

 

State-of-the-art stitching machinery used in tabloid stitching, always features uniformly 

mounted catch forks on its cylindrical surface; irrespective of whether it is a single-round, 

double-round or triple-round design. Thus, a continuous infeed with a constant feeding speed 

can be applied in order to supply all of the catch forks with a piece of wire of the same length 

(see figure 5.30, green line). The concept for longitudinal stitching, however, features irregu-

larly mounted stitching heads with different interspaces between them. The use of a constant 

wire infeed, therefore, would lead to wire pieces of different length. In order to supply both 

catch forks with wire pieces of the same length, an alternating speed would have to be applied 

(see figure 5.30, red line). The infeed for the second staple would have to be performed sig-

nificantly faster than for the first one, which would lead to a discrete jump in speed. Experi-

ence gained from tabloid skip stitching (see figure 5.30, blue line) shows that such an increase 

in speed can not be realized due to the inertia of the system (feeding system and wire) as well 

as the limited drag force. Therefore, a steadily increasing acceleration is applied in such a way 

that the wire piece is cut to the correct length (see figure 5.30, interrupted, blue line). How-

ever, this principle can not be applied to longitudinal stitching since an even faster accelera-

tion would lead to an inexact result due to sliding, and a higher compensating pressure in the 

feeding system would damage the wire. 
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Figure 5.30: Different types of stitchers and the related sequences of wire infeed 
(calculated for 28mm staples and a production speed of 90.000 products per hour) 

 

The solution found is to provide each catch fork with a separate wire inlet using a two-point 

infeeding system and two wire spools in the same way as it is used for tabloid stitchers with 

two stitching units today. This allows for the wire infeed of each catch fork to be carried out 

in a well-known, continuous manner (see figure 5.30, green line). 

The wire inlets are integrated into movable cam followers in order to avoid the first catch fork 

that appears to cut both of the wires (see figure 5.31). Two additional cams (cam 3 and cam 4) 

are mounted on the stitcher wheel, next to each corresponding catch fork. Thereby, the cam 

follower which includes the first wire inlet engages the cam that is mounted next to the sec-

ond catch fork and vice versa. As the machine rotates, the cam next to the first catch fork lifts 

the second (incompletely infed) wire on a level which allows the catch fork to pass it without 

cutting. Afterwards, the first wire, which was not moved, is cut. With further rotational mo-

tion, the second catch fork reaches the cutting and forming unit. Thereby, it cuts the second 

wire that is extended to full length in the meantime, and passes the first, uncompleted one as it 

is lifted to an unreachable position for the catch fork. 

 

 

 
Figure 5.31: Enabling a continuous wire infeed by adding two additional cams  
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5.3. The over-all concept 

 

In terms of constructing a 3d model, it is not possible to find exactly one physical equivalent 

that fulfills a single sub-function, since all parts interact with one another. Hence, the imple-

mentation of all partial solutions found in the previous chapter is done in an over-all concept. 

All elements in this virtual prototype have the right material properties and are constrained in 

such a way that the system is capable of performing all motions just like in reality. Thereby, 

tests can be performed and one’s knowledge of the system’s functionality can be expanded 

which is important for the further, more detailed design. 

Figure 5.32 shows the system in the so called stitching state. One of the stands is hidden for a 

better overview. Both catch forks are positioned longitudinally and the first stitching head is 

pivoted radially towards the delivery cylinder (which will be positioned where the round cut-

out in the stand is located). The cams 3 and 4 which are responsible for controlling the wire-

infeed are integrated into the machine’s cylindrical surface. 

Figure 5.33, in contrast, shows the system from another point of view and in the cut-

ting/forming state. Here the stitching cylinder and the cutting unit’s housing are also hidden to 

allow a better view on the details. The first stitching head has reached a position directly be-

low the former wheel. Hence, the cam follower that engages the second cam has turned the 

catch fork by 90 degrees, in a transversal position similar to the one in a tabloid stitcher. 

Thereby cutting can be performed on the laterally mounted wire inlets and the former wheel 

can pass through both brackets of the catch fork. The two cylindrical, black sub-assemblies 

are the cam followers 3 and 4 which include the wire inlets. These cam followers are guided 

by holes in the housing. The second stitching head is in an early phase of the cutting and 

forming state. Its underneath mounted cam follower has just entered the second cam and its 

catch fork is turned by only a few degrees. 

 

 
Figure 5.32: 3d model of the over-all concept in stitching state 
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Figure 5.33: 3d model of the over-all concept in cutting/forming state 

 

 

5.4. Design FMEA (LF) 

 

An FMEA is a systematic method of identifying and preventing product and process problems 

before they occur. FMEAs are focused on preventing defects, enhancing safety, and increas-

ing customer satisfaction. Ideally, FMEAs are conducted in the product design or process de-

velopment stages, although conducting an FMEA on existing products and processes may also 

yield huge benefits. [26] It is complementary to the design process of defining positively what 

a design must do to satisfy a customer. In the FMEA approach, the identification of potential 

failure modes of a system, product or manufacturing operation is related directly to functions 

or attributes in either the design or the process. 

There are three different FMEA Types, which are listed in a chronological order for a typical 

development project: 

 

• The System-level FMEA is the highest-level FMEA and can be performed in the very 

early concept stages. It helps to validate the system design specifications and mini-

mizes the risk of functional failures. [27] 

 

• The Design-level FMEA is used as a tool to help identify and prevent product failures 

that are related to the product design. This FMEA can be performed upon a system-

level, subsystem-level, or component-level design and is intended to validate the de-

sign selected for a given function.  [27] 

 

• The Process-level FMEA is used to identify and prevent failures that are related to the 

manufacturing or assembly process. [27] 
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In the following a design FMEA is performed, which is done prior to signing off designs for 

procurement and building. Since the best place to perform the design FMEA is after the de-

sign is completed but before the design is approved in a final design review. [28] In order to 

reduce the system’s complexity, a top-down approach is used and it is divided into three inde-

pendent units on a subsystem level and distinguished from its environment before the FMEA 

process is performed (see figure 5.34). 

 

 
Figure 5.34: Dividing the system into three subsystems  

 

To reduce risk, it is essential to identify hazards, evaluate the associated potential conse-

quences and their likelihood, and then estimate the risk. In detail, an FMEA can be described 

as a systemized group of activities intended to 

 

• Recognize and evaluate the potential failure of a product/process and its effects 

• Identify actions which could eliminate or reduce the chance of potential failures. 

• Document the process 

[27] 

 

The evaluation of potential failures is done by means of a quantitative technique that is re-

ferred to as the Risk Priority Number (RPN). Generally, the risk priority number is the prod-

uct of the severity (S) of a failure, the probability of occurrence (O) and the ease of detection 

(D) rankings for each failure mode: RPN= (S) x (O) x (D) 

A number up to 10 for each influencing factor and for each failure mode is assigned. If the 

severity is the least it gets rated 1 and if it is severe it gets rated 10. Similarly, if the probabil-

ity of occurrence is almost zero the number 1 is assigned and 10 if it is very high. The higher 

the RPN, the more risky is the corresponding failure mode. Hence, design changes usually 

result from the FMEA as the output from the design FMEA is a list of design issues which 

require corrective action. Here, the ease of detection is therefore not ranked in this early con-

cept phase since there is further on the possibility to realize changes before accomplishing a 

final manufacturing relevant design. The results from the FMEA are exemplified by the sub-

system “stitching head” (see figure 5.35). The potential causes or mechanisms of failure are 

sorted by the related risk priority number. The complete FMEA spreadsheet that also includes 

all potential failure modes and potential effects is to be found in the appendix of this work. 
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Some potential mechanisms of failure
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Figure 5.35: Potential causes of failure for the stitching head listed by the RPN numbers 

 

 

5.5 Analysis of surfaces and structures (DI) 

 

Generally, a mechanical system is mainly characterized by volumetric structures and surfaces 

which connect the systems to its environment. Beginning with the sub-system “stitching 

head” the previously defined surfaces and structures will be analyzed, in order to make the 

future detailed construction easier during the design phase. Thereby the elementary design 

model “Contact & Channel Model” (C&CM) is a new access to the treatment of technical 

systems is applied. 

It is developed at the Institute of Product Development (IPEK) of the University of Karlsruhe 

(TH) basing on some important design theories. [2] It connects the abstract level of the func-

tion of a technical system with the detailed level of the system’s real shape. This connection is 

generated by the description of the areas relevant to the function of the system: The Working 

Surface Pairs and the Channel and Support structures linking them. [30] The C&CM approach 

is based on two major hypotheses which define the connections between a pair of working 

surfaces and their linking channel and support structure: 

“Functions can only be generated in Working Surface Pairs and that the fulfillment of any 

technical function at least needs two Working Surface Pairs and a connecting Channel and 

Support Structure.” [31] 

 

• Working Surface Pairs (WSP) are all pair-wise interfaces between components and a 

component and its environment. This can be solid surfaces of bodies or boundaries 

with surfaces of liquids, gases or fields which are in permanent or occasional contact 

with the Working Surface. technical functions can never be fulfilled in one single 

Working Surface but always in at least one Pair of Working Surfaces. [29] 

 

• Channel and Support Structures (CSS) are physical components or volumes of liq-

uids, gases or spaces containing fields, which connect exactly two Working Surface 

Pairs. They do not only transfer the system variables energy, material and information 

from one Working Surface Pair to the other but they can also store them (e.g. the mass 

inertia). [29] 

 

• Further elements such as Limiting Surfaces (LS) and Remaining Structures (RS). 

Limiting Surfaces (LS) are surfaces that are not involved in fulfilling the regarded 
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function of a system. But they are potential working surfaces. Remaining Structures 

(RS) are those volumes of material that do not fulfil any function but are nevertheless 

part of the system. [29] 

 

 
Figure 5.36: Analysis of Working Surface Pairs as well as Channel and Support Structures 

shown in different resolutions 

 

One important fact for the description of a technical system, in terms of C&CM, is that the 

resolution for the system under investigation does not have to be constant for every detail. It 

can be adjusted and varied depending on the focus of interest. Figure 5.36 shows the system 

“stitching head”. On the left side, only the Working Surface Pairs (WSP) of the system as a 

whole (between the system and its environment) are highlighted by red color. The nomencla-

ture will use the term “Working Surface Pair” although the picture only shows single Work-

ing Surfaces for a better overview. The right side of the picture shows an example with a 

more detailed resolution with some internal Working Surface Pairs and Channel and Support 

Structures. The different elements can be further distinguished by their function: WSPs may 

take part in the exchange of energy or they may only exchange information such as position-

ing during the assembly. 

Such an analysis acts as the basis for a more detailed design of the system. The WSPcam1, for 

instance, transfers the force between the cam follower and the cam that is integrated in the 

stand. Here, it has to be checked whether the contact pressure exceeds the maximum value for 

the cam follower’s material. Another example for the verification of a Channel and Support 

Structure is the CSShousing between the WSPbearing and WSPcam1, where the application of the 

main forces takes place. This may be done by means of a Finite Element Analysis. 
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6. Conclusions 
 

6.1. Summary 

 

In this thesis, a product concept for the wire-stitching of quarter folded (magazine-size) print 

products in the folder unit of a printing press has been developed. Today’s procedure of 

stitching these products on separate machines outside of the folder is both time-consuming 

and labor-intensive. Therefore, the desire for a new technology was expressed among news-

paper printers. The work is based on a structured approach to product development and prob-

lem solving developed by  the Institute of Product Development (IPEK) of the University of 

Karlsruhe (TH). 

 

The first step was to define a product profile which is based on the market situation. In detail, 

the situation in the printing industry, the reader’s behavior and the risk for print products be-

ing forced off the market by electronic media were analyzed. Taking everything into account, 

high-speed inline binding of quarter folded products with low pagination seemed to match all 

issues best. Furthermore, this profile was specified more precisely by choosing wire-stitching 

in the folder as the most adequate binding method. 

Finding the right product idea was the second development step. There are different types of 

folder-integrated stitching machines available, but none of them is capable of producing the 

above-mentioned type of products. Therefore, all installation positions and their impact on the 

production possibilities were analyzed and evaluated in this step. In order to expand knowl-

edge before decision making, two important Swedish printing presses were visited and exam-

ined. Finally, a manufacturer specific solution was chosen that fulfills all requirements for the 

final product. However, there is the option to adapt the solution to other surrounding condi-

tions as well, even if this may result in some minor drawbacks. 

This product concept is the basis for the actual design and the prove of the functionality of the 

system. In order to avoid patent infringements and to ensure uniqueness, the most relevant 

patents were reviewed. It became obvious that the complexity of the concept was too high to 

solve it in a single step, therefore the main function of  “wire-stitching” was split up into sub-

functions and partial solutions were found. All partial solutions were subsequently merged to 

create an over-all concept and a virtual prototype as well, in order to prove the systems func-

tional capability. Finally, the detailed design phase was prepared by means of a design FMEA 

and by analyzing also some important structures and contact surfaces of a sub-system. 

 

 

6.2. Future work 

 

The objective of this thesis was to develop a concept for high-speed binding of quarter folded 

products and to prove its functionality. The knowledge, drawings and 3d-models resulting 

from this process, can be considered as a starting point for the development of a production-

model. Thereby, calculations for all important parts have to be performed, e.g. contact pres-

sures on surfaces and structural analyses for supporting elements. In addition, auxiliary func-

tions, such as lubrication and the adjustment for different paginations, have to be integrated 

into the system. Finally, the complete and detailed design has to be optimized with regard to 

three basic aspects: 
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• The reduction of manufacturing costs which can be mainly realized by the reduction of 

required machining efforts and the use of standard components. 

 

• The possibility to exchange wearing parts and to perform maintenance work without 

the need to readjust the system. 

 

• The possibility to adapt the system to other surrounding conditions (e.g. different cut-

off lengths and different interspaces between the staples) with a minimum of redesign 

efforts. 
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8. Appendix 
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The House of Quality (Quality Function Deployment) 
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Some important patents reviewed during the development process 

 

DE 1 145 579 1962-02-21 Ernst Nagel K.G. (DE) 

Stitching head on a wire-stitching machine with self-acting staple formation. 

 

DE 3644422 1986-12-24 MAN Roland Druckmaschinen AG (DE) 

Stitching apparatus for folded products. 

 

EP 0 606 555 1993-11-12 Ferag AG (CH) 

Gathering and stitching machine for printed products consisting of folded printed sheets. 

 

EP 0 645 334 1994-09-15 MAN Roland Druckmaschinen AG (DE) 

Folding apparatus with devices for cross folding and stapling of printed products. 

 

DE 44 44 220 1994-12-13 Hohner Machinenbau GmbH (DE) 

Stitching head for a stitching machine. 

 

EP 0 691 215 1995-05-20 Ferag AG (CH) 

Device for wire stitching printed products. 

 

WO 99/41049 1999-02-10 Tolerans Ingol Holding AB (SE) 

A rotary stapling machine. 

 

EP 1 424 211 2002-11-29 Mueller Martini Holding AG (CH) 

Apparatus for the production of a bound printing products. 

 

EP 1 705 031 2005-03-22 Mueller Martini Holding AG (CH) 

Apparatus for stitching the spines of printing products composed of folded sheets. 
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Sample page of the FMEA spreadsheet 

 

 



 75 

Design of the stitching head (Swedish) 
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Design of the stand with the integrated cam (Swedish) 
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The over-all concept in stitching state (Swedish)  
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The over-all concept in cutting/forming state (Swedish) 
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Stitching against the delivery cylinder (Swedish) 

 

 


