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1. Introduction 

Due to the hard-fought competition for global market shares, car manufacturers (OEMs) are currently 
engaged in an innovation race characterized by the following core demands:  

 Soaring number of product variants with many customer- and market-oriented product 
derivates 

 Increasing time pressure due to decreasing innovation and model cycles 
 Increasing product complexity due to increasing quality demands of the customers  

(e.g. powerful and reliable driver assistance systems, online services, green technologies) 
These market-driven challenges inevitably affect all phases of the overall product lifecycle, especially 
the project phases both of production engineering and production ramp-up. On the one hand, the 
considered processes become increasingly more complex and, in consequence, more error-prone. On 
the other hand, to gain important market shares, the time for production engineering and ramp-ups has 
to be cut to the bone. Last but not least, these challenges also lead to extensive changes of the 
production systems themselves: The production facilities become more and more flexible (as base for 
producing several product types into one production line), their lifecycles are getting longer and longer 
and the number of worldwide production ramp-ups will be continually rising – especially after 
integration processes during running production. 
The field of automated assembly systems, e.g. the car marriage, is particularly affected by these pro-
duction-related challenges. In this context, there are different approaches, strategies and goals in order 
to remain competitive on the hard-fought market such as: 

 Reduction of engineering, ramp-up and equipment costs 
 Highest engineering quality as base both for shorter and more robust production ramp-ups and 

highest production quality 
 Managing of product, process and resource complexity 
 Seamless digital CAx process chain in the field of production engineering 
 Seamless and more transparent integration of internal and external partners and suppliers 

At Daimler, the development and operational use of lean digital validation methods takes a significant 
role to fulfill the listed goals above. This paper focuses on the use of these new developed lean digital 
validation methods within the design process of automated assembly systems. As depicted in Figure 1, 
the following digital methods are presented: Virtual engineering, virtual commissioning and physics-
based analysis. Apart from the characteristics and interactions of these digital validation methods, this 
paper particularly illustrates their practical applications as well as their corresponding benefits. To do 
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digital validation methods is still a topic that is only used by a very few simulation experts. Reasons 
for this phenomenon are for example the big complexity of current IT tools, the mostly big efforts in 
order to prepare the validation studies or the poor integration of digital validation methods in existing 
IT environments and organizational structures. Moreover, the line builders and further engineering 
suppliers who usually realize the design of the assembly systems by order of the OEM don’t mostly 
possess the necessary IT tools due to their high costs or they don’t have the required experience and 
competence in using the production-related digital validation methods in an economic way. 

Table 1. Used digital validation methods in product and production engineering 
No. Digital validation methods IT Tools Quality characteristics 
1 Packaging analysis DMU/ VR applications Installation space 
2 Tolerance analysis Tolerance simulation Deviations, gap dimensions 
3 Stress/ crash analysis FEM simulation Material stresses, deformations 
4 Flexible parts analysis FEM applications Geometrical parameters 
5 Material flow analysis Material flow simulation Cycle times, buffersizes  
6 Ergonomics analysis Ergonomics simulation Assembly times, stresses  
7 Robots analysis Robots simulation Motion paths/ times, locations 
8 Virtual commissioning FMU applications PLC program characteristics 

 
To improve the company and user acceptance in using digital methods decisively, at Daimler, lean 
digital validation methods within the design process of automated assembly systems are developed. In 
general, the core goal of lean is to provide perfect value for customers through a most efficient value 
creation process that is characterized by zero waste [Womack 2003]. Referring to this definition of 
Womack, lean digital validation methods can be characterized by: 

 Value-focused methods and functionalities by concentrating on the “right” issues 
 Highest efficiency (minimal efforts and maximal benefits) by using standards and 

automatisms 
 Easy handling and reducing of complexity by user-oriented methods and tool design  
 Seamless integration in existing IT environments by focusing on standardized data interfaces 
 Easy integration in existing organizational structures 

In the following, the lean digital validation methods of virtual engineering, virtual commissioning and 
physics-based analysis are illustrated both from scientific and industrial point of view. 

2.1 Virtual engineering 
At Daimler, in the context of automated assembly systems the method of virtual engineering is used to 
visualize and validate plant-specific process sequences, times (e.g. cycle times, machine times), 
movements, accessibilities, reachabilities and geometrical collisions considering any product variants 
based on intelligent simulation models of the respective production system. To prepare and 
accomplish these validation analyses in the most efficient way, one central method of lean 
management is mainly used: Standardization [Töpfer 2009]. Thus, the data inputs, the development 
processes of the required simulation models as well as the accomplishment of the digital validation 
studies are based on standardized data objects and standardized procedures such as: 

 Standardized description and provision of all relevant product data (e.g. product variants)  
 Standardized description and provision of process data (e.g. process types) 
 Standardized procedure to develop plant-specific process sequences 
 Standardized description and provision of resource (plant) data (e.g. resource structures) 
 Standardized procedure to develop 3D CAD plant models 
 Standardized procedure to link product, process and resource data 
 Standardized accomplishment and documentation of the digital validation studies 

As depicted in Figure 2, the core of virtual engineering are the 3D CAD models both of product(s) and 
resources (plant components) including kinematic data as well as the description of process sequences 
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As shown in Figure 4, this first application project was about the design process of the automated front 
axle screwing station of the current Mercedes S class. Due to the great success of this project, Daimler 
decided to integrate the methods of virtual engineering and virtual commissioning as obligated binding 
project milestones within the future design process of all automated assembly systems (see Figure 1). 
In this way, the requested product, process and plant quality can be guaranteed at a very early project 
stage. Moreover, attributable to the gained transparency by using the new developed digital validation 
methods, the product-, process- and plant-specific degree of maturity can be evaluated much better and 
more efficient during production creation process. 
As already mentioned, the key principle of lean is to provide perfect value through a most efficient 
value creation process. Relating to CAx processes lean means to develop a seamless digital process 
chain in order to minimize non-value processes (e.g. extensive modelling activities, repeated inputs of 
same data in different IT tools due to data loss) and to focus on pure value-adding activities. At 
Daimler, the IT landscape (IT tools, data exchange formats) that is currently used within the 
engineering process of automated assembly systems is portrayed in Table 2. 

Table 2. Used IT tools and data exchange formats within the production engineering process 

IT Tools Application fields 
Data exchange formats 

Import data formats Export data formats 
CATIA V5 CAD/ Tooling design –  V5 specific data formats 

DELMIA V5 Virtual engineering V5 specific data formats AutomationML 

Invision Virtual commissioning: 3D 
geometry model AutomationML – 

WinMOD Virtual commissioning: 
Behavior model CSV, TXT – 

 
In order to exchange data from one IT tool to another two types of data exchange formats are currently 
used: Monolithic data formats (in case of using IT tools from same vendors) and standardized, system-
neutral data formats (in case of using IT tools from different vendors). For example, the data exchange 
between the CAD tool CATIA V5 and the CAP tool DELMIA V5 (3D geometry data, kinematic data, 
structure data) is accomplished by using vendor-specific data formats such as CATProduct, CATPart 
or CGR. In case of transfer the 3D CAD plant model (result of virtual engineering) from DELMIA V5 
to Invision (3D tool for virtual commissioning) the situation is different: In order to exchange the plant 
data (3D geometry data, kinematic data, structure data) between these two IT tools that are developed 
by different IT vendors, the standardized, system-neutral data format AutomationML is used. More 
information regarding structure and characteristics of the cross-functional data format AutomationML 
is given in Drath [2010]. Both types of these used system interfaces works very good in operational 
practice (no data loss, good performance, easy-to-use) so that there is a lean solution in the form of a 
seamless value-focused CAx process chain. 
To integrate the method of physics-based analysis in the existing IT landscape of Daimler in the most 
efficient way, both IT tools and data exchange formats are currently evaluated. According to the lean 
principles, the realization of a seamless and high performance data flow based on standards as well as 
the smooth integration of physics-based analyses in organizational structures are intensively promoted. 

4. Summary and outlook for further research activities 
In automotive industry, the development and operational use of digital validation methods takes a key 
role in order to reduce time and costs on the one hand and to improve product, process and production 
quality on the other hand. However, today, these digital validation methods are not comprehensively 
and seamlessly used along the whole product creation process in operational practice. These facts par-
ticularly relates to the design process of automated assembly systems. The main reasons for this 
phenomenon are the mostly huge efforts to prepare the required simulation models, the big complexity 
of the respective IT tools as well as the missing integration of these new methods and tools in existing 
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IT and organizational environments. Finally, all these aspects lead to a missing user acceptance 
regarding the operational use of digital validation methods. 
At Daimler Research & Development, to improve this current situation, so-called lean digital 
validation methods within the design process of automated assembly systems are developed. This 
paper focuses on the illustration of the three lean digital validation methods of virtual engineering, 
virtual commissioning and physics-based analysis. Apart from the presentation of the main 
characteristics of these new methods, their applications and interactions are demonstrated taking the 
design process of a real existing automated screwing station. 
In 2012, the lean validation methods of virtual engineering and virtual commissioning were used in a 
real car project within the design process of an automated assembly system for the first time with great 
success: The technical feasibility, the lean use and the profitability of these innovative methods could 
be demonstrated. Due to these positive effects, Daimler decided to integrate these new developed 
validation methods of virtual engineering and virtual commissioning as new obligated project 
milestones within the future design process of all automated assembly systems. 
Although much progress has been already made in the topic field of lean digital validation methods in 
recent times, following issues still remain to be addressed in further research activities such as: 

 Virtual commissioning 
Future challenges in this topic field relate for example to the lifecycle management of the 
needed behavior models (e.g. activities towards cooperation models between OEM, line 
builder, engineering provider and component producer; standardized descriptions of behavior 
models; change management) or to the accomplishment of virtual commissioning (e.g. using 
of digital models versus hardware components; standardized generation, evaluation and 
documentation of plant-specific test cases in an automatic way). 

 Physics-based analysis 
As potrayed in chapter 2.3, further research activities in the field of physics-based analysis are 
for example the development of lean methods to simulate and validate the realistic behavior of 
flexible parts (e.g. cables or tubes), to compute and visualize energy cosumptions (e.g. energy 
consumptions of robots) or to visualize and analyse fluid flows (e.g. filling processes) as base 
for product-, process-, or resource-specific optimizations. In addition to that, the information-
technical as well as the organizational integration of physics-based analysis into existing 
environments and structures have to be analysed and solutions have to be developed. 

 Further lean digital validation methods 
Due to the high complexity and interactions of joining and screwing processes within 
automated assembly systems, both methods of tolerance analysis and mixed reality takes a 
promising role in future processes (see Figure 4). In this context, lean solutions have to be 
developed regarding methodical-, information-technical- as well as organizational issues. 

Due to the great importance in operational practice, parts of these research activities are currently ela-
borated within the DFG project “AutoPhyS – Auslegung automatisierter Produktionsanlagen im 
Automobilbau mit Hilfe der physikbasierten mechatronischen Simulation” (project duration: 03/13 – 
02/15) and within the public funding ITEA project “AVANTI – Test methodology for virtual 
commissioning based on behaviour simulation of production systems” (project duration: 10/13 – 
02/15). More detailed information regarding the project AVANTI are available at: http://www.avanti-
project.de. 
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