
NordDesign 2020 
August 11-14, 2020  

Kgs. Lyngby, Denmark 

 
Modelling and designing of the system properties based on 

characteristics and the degree of maturity on the example of 
a high pressure storage system  

 
Daniel Duschek (M.Eng.)1, Prof. Dr.-Ing. Michael Vielhaber2 

 
1csi entwicklungstechnik GmbH, Sachsstr. 5, 85080 Gaimersheim, Germany 

daniel.duschek@csi-online.de 
2Institute of Engineering Design, Saarland University, 66123 Saarbruecken, Germany 

vielhaber@lkt.uni-saarland.de 
 

Abstract  
The product development process (PDP) in the automotive industry, from design to series 
production, is a complex process. Increasing customer requirements and growing competition 
lead to a shortening of the development and innovation cycle of products. The definition of the 
requirements for new products is of major importance, especially when it comes to new 
developments, like new powertrain technologies. An extension of the present development 
procedure and the transformation of customer requirements into technical features and 
characteristics, is a challenge to be solved by the automobile industry. The consideration of 
external influences on the product portfolio or product strategy, such as the reduction of the 
maximum emission rates and the increasing competition in the established sales markets, is of 
high importance in the development. These require the application of new powertrain 
technologies. The transformation from traditional drive technologies to electro-mobility 
requires the integration of new components, like batteries or high-pressure storage systems, into 
existing platform/module strategies. In order to be able to define the maturity level of the 
component, e.g. the high-pressure storage, the assembly and the product group, a continuous 
analysis and synthesis of the features and characteristics is crucial. 
 
In this contribution, the relations between features and properties in the development process 
are based on Weber's Characteristics-Properties Modelling (CPM) approach. A development 
process is presented which assigns a maturity level and tolerance range to the features of a 
product / product group as well as the application in a product architecture. This approach 
allows the most important factors influencing the overall system to be mapped and the system 
to be optimized on a system level, accordingly. The method is presented based on the 
knowledge gained from a target- and application-oriented design of pressure storage tanks. 
Another important aspect is the recording and evaluation of changes in product properties 
depending on the development phase. The developed method can also be used to record the 
relationships of a module across platforms and contribute to the formulation of a conflict of 
objectives. 

Keywords: Product development process, product engineering, design automation, 
simulation, high pressure storage  



1 Introduction 

The steadily rising customer requirements as well as the increasing limitation of the permissible 
emission of greenhouse gases presents the automotive industry with a challenge that needs to 
be solved. By expanding the product portfolio with new powertrain technologies, the required 
regulations can be achieved. In order to continue on established sales markets and break into 
new ones, a flexible integration and adaptation of new technologies is also necessary. However, 
taking these trends into consideration leads to different development times and a varying 
resulting product maturity of parts/components. In addition to these challenge of rising 
complexity in the product development, customers expect constant technical progress of the 
vehicle.  
 
A platform or module strategy is of paramount importance in order to meet both market 
requirements, especially customer demand, and future approval criteria (Glynn et al., 2010; 
Hobday, 2000; Schneider & Rieck, 2012; Schuh et al., 2013). A detailed analysis of the product 
development process of vehicle platforms and the derivative products shows the high 
complexity of the product development process (PDP) (Renner, 2007), see figure 1.  

  
Figure 1. Description of the product strategy of the automotive industry (partially based on Busche, 2014; 

Hoffmann, 2018; Lemke, 2013; Schuh, G. et al., 2010) 
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The modular strategy enables the cross-model implementation of a functional or manufacturing 
volume with a reduced effort. A further focus is on product and process modules. The target is 
the formulation and definition of standards, like common parts, in manufacturing, assembly, 
implementation and testing processes. These measures enable to reduce the costs and 
development time of a vehicle model, but requires a higher degree of coordination between the 
respective teams. However, this approach creates relationships and dependencies beyond the 
individual vehicle models (Ehrlenspiel et al., 2014; Schuh et al., 2013). 
 
In addition, to ensure efficient and effective product development, it is necessary to define the 
product characteristics and properties as well as the time frame. In this contribution, after 
defining research questions in chapter 2, a design and evaluation approach of products is 
realized based on the CPM approach according to Weber in chapter 3. By adding the degree of 
product maturity, overlapping compounds can be identified. In chapter 4, the approach is 
explained in more detail on the example of the integration of a new pressure storage approach. 
The derived system properties can be evaluated on the basis of valid development targets, such 
as the DOE targets (DOE, 2009). 
 

2 Target identification and research questions 

For the product development process, a number of process models and methods exist 
(Ehrlenspiel & Meerkamm, 2017; Euringer, 1995; Krause & Gebhardt, 2018; Lindemann, 
2009; Pahl et al., 2013; Ulrich & Eppinger, 2016; VDI 2221, 1993).These support the analysis 
of tasks, the generation of solutions and the evaluation of the developed concepts (Lindemann, 
2009; Pahl et al., 2013). By using a methodical approach, a development is target-oriented and 
achieves the desired goals. In the development of new technologies, the analysis of the 
properties of a system is of great importance.  
 
In the development of high pressure storage tanks, for example, the “development targets”, as 
described in the DOE guidelines for hydrogen applications, are used as evaluation criterion 
(DOE, 2009). In these documents the system properties, such as volumetric, gravimetric density 
and the energy density in dependence are defined, see figure 2 “field of action a potential 
analysis” and “planning development target”.  
 
Consequently, a monitoring of the system properties in the PDP development steps (n) is 
essential. The challenge here is to establish the relationships between features and properties. 
The extent of the influence can be taken into account by a weighting factor. This contribution 
targets to detect a modification of properties as a result of external influences on the system of 
a product and to generate handling recommendations. The formulation of actions enables the 
developer to implement the necessary changes to elements that are required to achieve the 
system properties. Therefore, it is necessary to create a relationship of characteristics and 
properties depending on the time-based PDP sequence, see figure 2. The definition and 
nomenclature of properties and characteristics is adopted from the Characteristics-Properties 
Modelling (CPM) / Property-Driven Development/Design (PDD) approach according to Weber 
(Weber, 2012, 2005; Weber & Werner, 2000).  
 



 
Figure 2. Simulation model of tolerance field and product maturity - based on CPM method  

Based on the motivation and target identification, research questions are formulated as follows: 
§ How can a new technology be integrated in the PDP of conventional module/platform 

architectures, and how can an evaluation of the system properties be derived? 
§ What influence has a change of system properties of a main component system for the 

characteristics of a high-pressure storage module? 
§ How can a modular and scalable design of a module be developed? 
 

3 Methodical approach for modelling of the system properties  

The Weber approach describes the modelling and specification of product development 
processes (Weber, 2012). Characteristics-Properties Modeling (CPM) stands for the product 
model view and Property-Driven Development (PDD) for the process view. Weber explains a 
product by its characteristics (C) and properties (P).  
The product development methods formulate a sequence of actions in the PDP in different 
levels of maturity. At the product planning period, the requirements level are high and the 
characteristics level are low. These are specified in more detail as product development 
progresses and complexity is reduced by means of a system approach. Based on results and 
knowledge of past projects, like table and charts, the quality of the characteristics and properties 
level can be optimized.  
 
Characteristics describe the shape of a product. These are also called "inner properties" and are, 
in total, the parameters that describe the shape of a technical product or system. The 
characteristics, also called "external properties", describe the functional requirements and the 
resulting behaviour of a product. It should be noted that a product developer cannot change the 
properties directly, only the features. 
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Figure 3. Presentation of the created approach to the maturity-based development of a module, reference 

to (partially based on Duschek & Vielhaber, 2018; Lindemann, 2009; Weber, 2012) 

By means of analysis and synthesis during the entire development process, the relationships (R) 
can be monitored. Furthermore, the features and properties are influenced by external 
conditions. Figure 3 shows the classes of features and properties and the essential relationships 
between synthesis and analysis. In order to be able to show the progress in the development of 
components, in dependence of the characteristics, as well as to be able to estimate a possible 
resulting change of characteristics, the extension of the approach is necessary. The evaluation 
of component maturity is carried out by means of a maturity management.  
 
The determination of the degree of the product maturity is an important aspect in the product 
development process. The analysis gives the company an overview of which component can be 
modified or adapted. In addition, the degree of maturity serves to evaluate the cost-benefit ratio, 
which must be taken into account when integrating products and technologies. For this purpose, 
the PM of the components is determined and from this the product maturity level is described.  
Figure 4 shows the components of a module depending on the degree of the product maturity. 
This is standardized to the value 1. The influences of component specifications for the total 
properties of a module can be defined in more detail by a weighting factor K. The criteria for K 
is the influence of the system properties and function. For example a safety component, like 
pressure valve is more important as a design part. Carry over or standard parts have the product 
maturity of 1. The elements of a hydrogen pressure module are shown in figure 5. 
 



  
Figure 4. Required and implemented properties - depending on the product maturity 

4 Application and validation of the approach for a hydrogen module 

In the European-funded project "FCCP", 50 fuel cell cargo pedelec pilots are being tested in 
European cities. At the moment, there are no efficient high-pressure storage systems available 
for this application. Therefore, the hydrogen tanks are being developed with a new meander 
shape design. The basis for the product development is the preliminary analyse of commercially 
tanks, like straight pressure vessels, as well as a patent for curved pressure storage tanks 
(Duschek, 2017). The challenge is the modular tank design, a scalability depending on the 
energy requirement and the consideration of safety aspects in the handling of the fuel cell cargo 
pedelecs in public road traffic. Due to the higher complexity in the development of curved 
pressure tank, the methodical procedure and the formulation of action sequences is necessary. 
The design of a curved high-pressure storage is shown in Figure 5. 

 
Figure 5. Elements of a hydrogen module (Duschek, 2018; Duschek & Vielhaber, 2018) 
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4.1 Application of the methodology in the development of the pressure storage module 

The application of the product development method is discussed in more detail on the example 
of a property change of the storage volume. In the development scenario the representation of 
the H2 tank in the CPM model is described (see figure 3). In addition, the dependencies within 
the system boundaries of the product are shown (see figure 5) as well as the effects of the 
property change on the maturity levels of individual components. Figure 6 shows the parameters 
for the design of a straight and curved pipe storage tank. The properties of the individual 
pressure storage tanks are derived from the specified properties (e.g. DOE-targets). The 
complexity for the curved pipe is greater due to the higher number of variable characteristics. 
Based on a parameter study, as well as a preliminary analysis of different construction space 
dimensions, dependencies and relationships between parameters can be formulated. An 
example is the radius of curvature rb (see figure 6). This radius can be calculated by the bending 
factor kb. This allows a reduction of the number of variable parameters. Another important 
knowledge from the preliminary research is that the characteristic di defines the system property 
significantly. This means that a change of the characteristics di has an influence on the 
volumetric and gravimetric energy density.  
 

 
Figure 6. Characteristics of a straight and bended hydrogen storage (Duschek et al., 2019) 

One possible scenario in the product development process of the fuel cell cargo pedelec is to 
increase the storage volume by 10%. To reach the targets, the dimensions of the tank and the 
weight have to be optimized. Both characteristics are limited by the use in cargo bikes. The 
permissible total weight of the cargo bike is limited by an EU regulation, i.e. the payload 
decreases with increasing unladen weight of the cargo bike. The available construction space is 
limited by the bike frame, see figure 7.  
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Figure 7. fuel cell cargo pedelec architecture (Duschek, 2018) 

 
The module is integrated into an existing structure. Consequently, an optimization of features 
such as the diameter can only be realized to a limited extent. A further limitation is the 
permeation of hydrogen as well as the bursting behaviour. To avoid diffusion of hydrogen, the 
plastic liner must have a minimum wall thickness of at least three millimetres. Therefore, there 
is only a possibility of weight adjustment by optimize the wall thickness of thecomposite layer. 
However, this has an effect on the required operating pressure. Consequently, the load-bearing 
structure can only be optimized by reducing the diameter or lowering the permissible operating 
pressure. This change has a direct influence on the storage capacity, volume and gravimetric 
density. Due to the required energy consumption, this recommended course of action is not 
target-oriented. Therefore in a further step, the modularity and scaling of the pressure storage 
system is considered. 
 
An other scenario is, that the frame, in which the pressure storage tank can be integrated has a 
high degree of maturity for the application, just the height of the module or the number of 
modules can be adapted. As a result, the characteristic lges cannot be modified and the volume 
of the tank can only be changed using the characteristic di.  
 

 
 

Figure 8. Hydrogen storage module architecture 



Another important aspect is the modular or scalable design of a pressure storage tank. An 
assembly of H2 modules is to be implemented in the cargo area. The dimensions of the loading 
area are related to the logistics unit. These dimensions correspond to the dimensions of a Euro 
pallet, see figure 8. 
 
The first step is to develop a standardised tank module for this application. The grid size is 
equivalent to a quarter of a euro pallet. The routing of the pressure tanks is done by fittings (low 
pressure area). For the assembly of the configuration, the development of an integrated and 
smart valve is required, which enables the connection of several single tanks. In addition, the 
housing is customised so that the tanks can be stored safely. Based on the system modification, 
the new product maturity of the components has to be analysed. By this action, the new maturity 
level of the component leads to a reduction of the total maturity level of the product changes 
from 70% to 50%, see figure. 9. The reason of the lower product maturity is caused by the 
modification of the storage guideline. Due to the new design shape, the numerical analyse of 
the shape stiffness and fluid dynamic have to proofed. It is also necessary to amend the technical 
specification for production and certification. The housing protects the storage system and the 
safety distance has to rework, too. From the analysis of the total product maturity, it can be 
concluded that a new development of the required components for the scalable tank has a large 
influence on the maturity level. However, an increased added value for the end customer can 
be achieved here. By formulating the sustainable development goal, the risk is known and the 
cost-benefit can be evaluated. The modification of a development strategy and the large number 
of individual components shows the complexity and influences. Based on this knowledge, the 
created approach and simulation model enable the developer to design an effective module.  
 
 

  
Figure 9. Total degree of maturity for a hydrogen pressure storage tank 

5 Conclusion 

The presented approach is a tool for using by the product developer and designer. The 
monitoring of system properties during the whole development process enable a high degree of 
transparency. A market analysis, determination of customer requirements and technology 
evaluation is the basic for the derivation of recommendations for action. Therefore the 
development targets are target-, user- and application-oriented. Another important aspect is the 
existing knowledge and insights of a company and its development partners, because the 
product development process is sustainable, if the findings from all previous iteration stage are 
transferred to a subsequent development. Consequently, investment barriers are reduced and 
the risk for the company during development is minimized.  
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The Weber approach is a product development approach. Using the enhancement "Maturity 
Level", all characteristics and the technical level of readiness required to manufacture the 
product can be assigned to a component. A challenge is the weighting of the elements of a 
system considering the influence on the system properties. The resulting definition leads to a 
weighting of the components and the degree of maturity. The realisation of a function is an 
important aspect, the components that contribute to the fulfilment of the function receive a 
higher weighting factor K. The CPM approach can be used to map the internal dependencies. 
The extended CPM/PDD approach, the maturity level, shows the effects on the product 
characteristics as a function of the development period that result from the change in 
characteristics. In this way, the cost-benefit ratio can be determined and sustainable 
development/progress can be implemented. The sustainable integration of a new technologies 
is shown on the example “hydrogen storage for cargo pedelec”. During the development, the 
maturity level of the product is described. For this purpose, the degree of maturity of the 
individual components is detected and monitored and the relevance for the functional fulfilment 
of the total product is shown. The PM-level can derived from the maturity and the weighting 
factor of each element. The method is used to analyse the changes in the system properties that 
can be recognized from the implementation. 
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