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Abstract- The standardization of parts has enabled large increases in productivity in manufacturing companies. Today 
customers demand highly individualized products and without modular product architectures companies would not be able to 
produce these products in high quantities and make a profit. The tool and die making industry also faces the challenge of highly 
individualized products, which are only demanded in low quantities. Therefore the tool and die making industry needs an 
approach to develop standards and update these standards, when they are not applicable anymore. 
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I. INTRODUCTION 
 
Tools and dies are high precision machinery, which 
produce plastic or metal parts with a specific design in 
high quantities. The design and manufacturing of tools 
and dies is on the critical path between product 
development and the start of production. The tool and 
die making industry therefore can be a pacemaker in 
reducing the time to market of a new product. Each 
tool and die is designed and manufactured only for one 
specific part. As a result a specific tool or die is 
produced in a single production or in very low 
quantities.This causes a high number of different tool 
and die variants a tool shop usually has to design and 
manufacture. As a result many processes in a tool shop 
cannot be handled in an efficient way. Different tool 
and die variants are often designed and manufactured 
in varying processes [1]. Therefore cost saving 
potentials deriving from streamlined processes and 
learning effects from high numbers of repetitions are 
not utilized [2]-[4].Usually tools and dies are 
engineered to order. The different tool and die variants 
also cause disadvantageous purchasing conditions, 
because cost reductions from ordering fewer variants 
in higher quantities are not possible [5]. For these 
reasons the standardization of tools and dies would 
generate many cost saving potentials [6]. 
 
The standardization of parts in the manufacturing 
industry and especially in the automobile industry was 
a key element for increasing the productivity of 
manufacturing and assembly. Without standardization 
manufacturing companies would face much higher 
complexity costs today, because of the increasing 
amount of customization options [7].For example a car 
from BMW consists of 20,000 parts and theoretically 
2 million different variants of the car can be created 
[8].But the standardization of parts mainly took place 
in the series production, because standardization 
efforts can be spread over high quantities of parts.  

 
Therefore the single series tool and die making 
industry needs different standardization approaches. 
 
In the tool and die making market China, USA, Japan, 
Germany and South Korea are the most important 
countries with a total production volume of roughly 
42.4 Bill. $ [9]. Especially Japan, Germany and South 
Korea are well known for high quality and advanced 
tools and dies. The majority of tool and die making 
companies are small to medium sized companies with 
10 to 50 employees [10]. Design departments in 
German tool an die making companies usually consist 
of 5 to 10 employees. In most cases half of the design 
department staff is involved in standardization 
activities for about 20 % of their time. As shown in Fig. 
1 the majority of tool and die components are designed 
completely new. Only in 17 % a standard is used. Also 
design templates or parametrization of components are 
used to modify existing designs.Standards are mostly 
created on demand and are not evaluated in a periodic 
rhythm. About 45 % of the companies are not satisfied 
with their process to standardize tool or die 
components [11]. 
 

 
Fig. 1: Distribution of used options to design new tool 

components 
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Tool and die making companies, who are willing to 
standardize their tools and dies, face following 
challenges: 
 Individual product designs influences the design 

of tools and dies 
 Single or small series production of tools and dies 

lead to a high number of variants with low 
quantities 
 Heat treatment of tool or die components separate 

the manufacturing process and restrict 
standardization options 
 Restricted designing capacity and material stocks 

handicap the updating of old standards 
 
The product designs of customers are highly 
individual. The trend of derivatization especially in the 
automotive industry creates many product variants in 
order to satisfy different customer demands. 20 years 
ago a car manufacturer only offered 8 different cars 
with only marginal extras customers could chose from. 
Today a single car manufacturer offers up to 60 
different cars with a long list of options [12]. This 
trend causes a higher demand for different tools and 
dies, but low production volumes of partsfor a single 
tool or die. As a result the budget for a single tool or 
die decreases and tool shops need to find potentials to 
reduce their costs. Other challenges for the 
standardization of tools and dies are the high technical 
requirements, which have to be met. Tools and dies 
need to have specific dimensions, sensor concepts, 
surface qualities and contour shapes which are highly 
influenced by the parts it has to produce [13]. Also 
several components of a tool or die undergo a heat 
treatment for hardening. This process step is usually 
outsourced to specialized companies. After the heat 
treatment the hard machining of tool or die 
components creates a high effort and is more 
expensive. The restrictions of hard machining have to 
be incorporated in the design of standardized tool and 
die components.Another challenge is to find the right 
time to update or modify a standard. Standards should 
be a tool to implement design knowledge and avoid 
design mistakes in the design of tools and dies. When 
process restrictions of manufacturing processes 
change, also standards for tools and dies need to be 
updated. Other aspects like high stocks of standardized 
parts or low available capacity in the design 
department imply a delayed update of standards. 
 
In order to face these challenges the tool and die 
making industry needs an approach to develop and 
update standards for the design of theirtool and die 
components. In chapter II general approaches for 
product standardization and approaches from the tool 
and die making industry will be described and 
evaluated. Chapter III will introduce a new approach 
to develop and update standards, which has been 
developed in a research project of the WBA Aachener 
Werkzeugbau Akademie together with 14 companies 
of the tool and die making industry in Germany.  

Chapter IV finalizes the paper with a short conclusion 
and outlook, in which some future challenges and 
fields of action are described. 
 
II. STATE OF THE ART 
 
In order to find a sufficient process to standardize tool 
and die components the state of the art for 
modularization and standardization in the fields of 
product design and tool and die design has been 
evaluated and is described in this chapter. 
 
A. General approaches for standardization 
For the standardization of products many methods are 
in use to structure the parts of a product and to be able 
to reduce the complexity and variants. Depending on 
the product architecture, different standardization 
options are available. In integral product architectures 
multiple functions of the product can be realized by 
one part. This leads to highly integrated products with 
small dimensions, but changes in the product functions 
are difficult to realize [14]. In a modular product 
architecture single modules of one or more parts are 
responsible for one function. With standardized 
interfaces modules can be replaced in order to change 
the function of a product [15]. 
 
A method to analyze the relationship of parts in a 
product is the Design-Structure-Matrix, which has as 
many lines and columns as the number of parts. Every 
connection between two parts is marked in the matrix 
and with sorting algorithms modules of parts can be 
identified. Modulesshould have a high intra-module 
connectivity of parts and a low connectivity to parts 
outside of the module. These modules can be 
exchanged or modified without having a high impact 
on parts outside of the module [16].The method 
Modular-Function-Deployment goes one step further 
and analyses the impact of customer demands and 
modularization drivers from the product’s lifecycle on 
the product structure. With the 
Quality-Function-Deployment method the customer 
demands can be translated into requirements for parts 
and through the assessment of the modularization 
drivers modules can be identified, which should be 
easy to modify and exchange. As a result product 
architectures can be developed, which can be easily 
customized and maintained for different customer 
groups [17]. 
As a result of standardization efforts many products 
are structured in different modules. Two common 
modularization structures are a platform design and a 
kit of standardized parts. In the platform design a 
neutral standard platform is the base for the product 
and different customized modules can be assembled 
on the platform. The kit of standardized parts does not 
use a standard platform, but different standardized 
parts, which are available in defined dimensions. 
These parts can be combined with other standards 
modules in order to build up the product [18]. 
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The described methods are used in the design of series 
products. In the design of tools and dies these methods 
are not commonly used, because of the low quantities 
per tool and die. These methods only describe one step 
of an entire process which is necessary to standardize 
tools and dies.Following general approaches target the 
standardization of mass produced products and seek 
out to reduce the complexity of a product in order save 
costs in design, manufacturing, assembly and 
maintenance. 
 
1) Development of modular product families 
The method for “Development of modular product 
families”by Blees describes eight tasks to develop a 
modular product family in order to reduce the external 
variety to a manageable internal variety. The first 
stage, containing step one and two, begins with the 
clarification of the problem. First there has to be a 
definition of a goal to set the scale of the project and 
for every team member to be at the same level of 
understanding. Then the state of the art and all relevant 
information are gathered and analyzed. This contains 
distinctive features, functions, operating principles 
and consisting components.Stage two is called design 
for variety and follows the guidelines of the variety 
allocation model developed by Kipp [19]. For this 
purpose the distinctive features have to be broken 
down into single components with the goal to map 
their relationships.The last stage of modularizing the 
product family contains the steps four to eight. These 
are the technical and functional modularization, 
followed by the strategic product modularization, 
which is divided into product development, 
procurement, manufacturing, distribution, use, and 
disposal. This uses the procedure of Erixon [20] with 
the goal to create independent modules. Afterwardsthe 
different options of modular product architectures are 
evaluated and connection technologies for the 
modules are chosen [21]. The method by Blees uses a 
thorough analysis of the products to develop different 
product structures. It falls short in recommending 
standardization option for single parts in order to 
create modules. 
 
2) Development of modular product architectures 
The method for “Development of modular product 
architectures” by Schuh et al.defines a holistic 
approach for a customizable, conflict-free and 
universal design of product architecturesin order to 
derive designs of single products. Compared to a 
variation reduction to improve production costs this 
method focuses on the proactive forward planning of a 
richly varied product range. The approach is divided 
into three main steps. It is based on matrices in order to 
ensure high reproducibility, starting with the 
requirements of the technical functionalities and 
ending with the physical modules [22]. 
In the first step customer and market requirements are 
analyzed and matched with the existing variants and 
the objectives of the modular product architecture. As 

a result this information is documented in a 
requirement specification. In the following step 
constituent features of the product are identified. 
These are product features, which are essential to the 
product architecture and the required production 
processes, but on the other hand are not influenced by 
customer requirements. In the third step a platform 
structure is developed with the constituent features as 
a basis. In this step also the modules and the interfaces 
are defined. Based on the modular product architecture 
single products can be developed in individual design 
processes and still meet the standardization objectives 
[22]. This work describes a holistic approach which 
requires a lot of effort for frontloading of design and 
standardization activities. For the design of tools and 
dies it is questionable if the developed product 
architectures could be used long enough in order to 
save design and manufacturing costs. 
 
3) Efficiently innovate with standard design sets 
Aim of the study “Efficiently innovate with standard 
design sets” by Schuh et al. is to describe success 
factors for the development of standard design sets in 
product development. The result for the design 
ofstandard design sets consists of eightsteps. Step one 
is "Commitment to commonality" and affirms the need 
for the project to be driven by the upper management 
level. Next follows "Integrate partners and suppliers ", 
otherwise the supplied parts will not meet the specific 
requirements. This is followed by „Identifying the 
Standardization Potential“, were e.g. feasibility, costs 
and benefits are evaluated, which serves as a basis in 
the further steps. Then “Fixed characteristics” shall be 
determined according to functional, geometric and 
technological aspects. In step five "Planning for 
product" the economy and compatibility of new 
modules to standard designsets must be taken into 
account. With "Specify function-oriented 
configuration logic" thenrules and prohibitions are 
defined in order to avoid contradictions with the 
combination of modules. Next is "Release Planning 
definition" were for example module roadmaps can be 
created. The last step is "Design of Modules" and it 
emphasizes that modules should only be derived from 
the modular product architectures and not the other 
way around [23]. The presented success factors are 
important input for tool and die designers, but they 
give no advice on how to evaluate the impact of the 
designed modular product architectures. 
 
4) Integrated approach to modularize the conceptual 
product family architecture 
A well designed product family architecture is 
important for implementing mass customization 
without ever growing production costs. This method 
from Zhuo et al.consists ofthe three steps product 
family planning, function-based product 
modularization and the development of an 
attribute-module-matrix and a variety index. 
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First product specifications have to be collected and 
analyzed with the target to choose the optimal level of 
attributes and amount of features for the product. For 
this reason quality function deployment and conjoint 
analysis can be used to support the decision. Then 
modules are modelled on a basis of functions, using 
aheuristic method for identifying modules. The last 
step is segmented into specification implementation 
and specification propagation. First theproduct 
attributes are attributed toconceptual modules. Then 
the sensitivity of the modules according to the 
estimated changes of the specifications are identified 
and quantified. This is measured in a variety 
index.With this information a product portfolio 
architecture isdefined [24].This approach focuses 
more on the efficient allocation of functions to 
modules and allows for a comparison of different 
variants with a defined variety index. 
 
B. Standardization approaches based on tools and 
dies 
1) Method for the design and evaluation of modular 
tools 
In this work a systematic method for the design and 
evaluation of modular tools has been developed by 
Boos. By applying the methodology that includes an 
initiation and an application phase, tools can be 
produced faster and cheaper with meeting the same 
quality requirements. An essential idea of the 
methodis to analyze past tools, which were 
individually engineered to order, and to identify parts, 
which are highly influenced by customer demands and 
parts that could be customer neutral modules.In the 
application phase the methods describes how to 
analyze the tool requirements, translate the 
requirements to the parts and to define and evaluate 
modules. The customer specific parts of a tool can then 
be designed as modules and be combined with 
standard neutral parts. Also the customer specific parts 
can be designed as premanufactured billets. When a 
customer specific part is needed, a premanufactured 
billet can be taken and quickly be customized in order 
to meet all customer requirements. This of course 
requires a thorough analysis in the initiation phase in 
order to define modules, which will be needed for 
future customer orders [1]. The method from Boos is 
tailored for the requirements of the tool and die 
making industry and faces the challenges of 
standardizing highly individual tools and dies, which 
are produced in very low quantities. It does not 
describe how to handle changes in standards, which 
can be necessary when customer requirements cannot 
be met with existing standards. 
 
C. Approaches for updating of standards 
The updating of standards is required by the need to 
adjust the set of standards over time in order to 
incorporate lessons learned from downstream process 
steps [25]or to respond to a renewed product 
portfolio.Lindemann and Baumberger describe 

adaption processes that allow an efficient customer 
specific design process. Therefore degrees of freedom 
in a product and processes for handling the deviation 
of standards need to be defined [26]. Wu et al. 
evaluated the effects of the time when to switch from 
an old to a new design. Considering budget and time 
restriction an immediate change to a new design is not 
favorable, so a time for the change has to be identified 
[27]. Hepp and Böhnlein looked at different options on 
how to update standards and evaluated the quality of a 
standard under changing customer requirements over 
time using a petri network. A standard could be 
updated in following three ways: updating after a 
defined interval of time, continuous updating under 
capacity restrictions and a demand triggered updating. 
As a result the authors suggest short update intervals 
depending on the volatility of the market requirements 
[28]. 
 
D. Evaluation and conclusion 
In order to find an approach to develop and update 
standards in the tool and die making industry, general 
methods and methods for the tool and die making 
industry to define standards and modules were 
described and evaluated. The existing methods fall 
short in addressing the challenges of tool and die 
standardization. Also for the updating of standards 
different approaches were described, but a holistic 
method is missing. 
 
III. APPROACH TO DEVELOP AND UPDATE 
STANDARDS IN THE TOOL AND DIE MAKING 
INDUSTRY 
 
Together with tool and die making companies a 
process was developed for the development of 
standards for tools and dies and the updatingof 
standards. The process for the development of 
standards consists of four phases and has the goal to 
utilize cost saving potentials of standards. These 
phases are the “Potential analysis”, the “Variant 
analysis”, the “Standardization measures and 
implementation”, and “Controlling”. In addition the 
process of updating of tooland die standards has the 
goal to define how to handle situations, when a 
standard is not applicable and how to update a 
standard. 
 
A. Development of standards 
1) Potential analysis 
A detailed analysis of the existing tool and die 
spectrum creates a lot of effort. In order to focus on 
parts of the tool and die spectrum, which promise the 
most potential for cost savings, first the analysis of 
potential for the entire product range is executed. 
Therefore customer requirements, costs and future 
market demands need to be analyzed. This should be 
carried out in joint workshops with staff from the 
planning, construction, distribution, and 
manufacturing department in order to involve all 
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stakeholders. Usually 20 % of the tool and die 
components are responsible for 80 % of the entire 
parts. Fig. 2 shows these tool components as category 
A. These tool components have the highest cost saving 
potential through standardization.Each cluster of tools 
or dies should be evaluated by the quantity and by the 
similarity of different variants to each other. Clusters 
with medium to high quantities and medium to high 
similarity within a cluster should be selected for 
further analysis. 
 

 
Fig. 2: Potential analysis of different tool components 

 
2) Variant analysis 
The variant analysis provides the detailed analysis of 
the previously selected tool clusters. In this process 
specific standardization actions are developed and 
prioritized according to their relevance. Initially the 
previously selected clusters are divided into individual 
tool components. Then these components are analyzed 
in the categories features, geometries, requirements, 
surface quality, material, quantities, costs, and 
revenues. Often the dimensions of similar tool 
components are not the same (Fig. 3) and can be 
standardized or clustered in different defined 
dimensions.In addition, interfaces to other tool 
components and potentials of standardization 
activities in production processes are analyzed. On this 
basis standardization activities and objectives can be 
defined and prioritized. 
 

 
Fig. 3: Variant analysis of used lengths of a tool component 

 
3) Standardization measures and implementation 
In this process measures are selected in order to reduce 
the complexity of the tool components and save time 

during design and manufacturing. Possible measures 
are the definition of a standard design set (Fig. 4), the 
reduction of used methods, reducing the number of 
variants of purchased parts, parameterization of 
dimensions, definition of dimension clusters, 
reduction of machining surfaces, and the definition of 
standardized semi-finished billets. 
 
On the basis of key figuresas design time, 
manufacturing time, and material costs the measures 
are evaluated and the appropriate measures can be 
selected. Then responsibilities are defined and 
schedules for implementation of the measures are 
defined. After the drawings for a new standard are 
finished at least one tool component should be 
manufactured to validate the standard in all 
departments in order to find any problems caused be 
the standard. If the validation is successful, the 
standards can be documented for further use by 
creating appropriate work instructions and functional 
specifications.In unsuccessful validation attempts the 
standard needs to be revised or declined. An important 
part of the implementation phase is to give the 
employees in the company an understanding of the 
benefits of the standardization of tool componentsin 
order to generate a commitment for the 
standardization activities. 
 

 
Fig. 4: Use of defined tool modules together with individual 

parts 
 
4) Controlling the standardization measures 
The controlling of existing standards is an important 
process to ensure the success of the 
standardizationactivities. On the one hand the progress 
of the standardization measures has to be controlled 
and on the other hand the compliance with the 
standards hasto be checked by comparing drawings 
and bills of material with existing standards. Ideally 
the designer should need a permission to neglect an 
existing standard for a new design.In order to estimate 
and calculate cost savings from standardization 
measures the effect on different areas needs to be 
assessed. The data of quantities, purchasing costs, the 
design effort, the production hours, the try-out effort 
and thecomponent quality needs to be estimated and 
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controlled. Based on the obtained data it can be 
decided, whether a tool standard should be retained in 
the same form or if an adaptation or updating is 
necessary. 
 
B. Updating of standards 
1) Deviation from standards 
In addition to the definition of update times of 
standards, the establishment of criteria when to deviate 
from a standard is important. Here the technological 
and the customer requirements are important factors to 
deviate from a standard. The reasons for deviation 
should be collected in a list, which will be an 
important input for the updating of a standard. 
Reasons and effects of the deviation of a standard 
should be considered by the responsible designer and a 
decision should be made with his supervisor in order 
torestrict the deviation only to necessary cases. A clear 
process with responsibilities will reduce the needed 
time to come to a decision on how to carry on with a 
standard. 
 
2) Periodical updating of standards 
The updating of tool standards is an important part of 
using tool standards. Particularly criteria for deciding 
whether a standard has to be adapted and the 
determination of the time to updatea standard play a 
crucial role. A definition of fixed points in time has 
been found to be difficult, because the work load of the 
design department can be too high. Instead updates 
should be made more dependent on the requirements 
of new orders, inventory levels of material and 
premanufactured billets or of the available capacity of 
the design department. The updates of the standards 
should be documented and distributed to all necessary 
points. Employees who work with standards should be 
informed about the updates in order to prevent any 
confusion. 
 
CONCLUSION AND OUTLOOK 
 
The development and use of design standards faces 
many challenges in the “build to order” tool and die 
making sector. The effort put in for developing 
standards needs to be lower than the estimated savings 
gained from the typical low tool quantities. Therefore 
different approaches have been compared and 
evaluated. Then new processes have been defined in 
order to give companies a guideline on how to develop 
standards and update them if necessary. Different parts 
of these processes were piloted by tool and die making 
companies and their experiences have been 
incorporated to the process. The users have made good 
experiences with analyzing the potentials and the 
variants of their tool and die portfolios. Further work is 
necessary in the field of evaluating the results of 
developed standards and the field of determining 
update intervals of standards which take all of the 
mentioned influencing factors into account. 
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