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Abstract. Collaborative Engineering aims to integrate both functional and in-

dustrial design. This goal requires integrating the design processes, the design 

teams and using a single common software platform to hold all the stakeholders 

contributions. Airbus company coined the concept of the industrial Digital 

Mock Up (iDMU) as the necessary unique deliverable to perform the design 

process with a unique team. Previous virtual manufacturing projects confirmed 

the potential of the iDMU to improve the industrial design process in a collabo-

rative engineering environment. This paper presents the methodology and pre-

liminary results for the management of the maturity states of the iDMU with all 

product, process and resource information associated with the assembly of an 

aeronautical component. The methodology aims to evaluate the suitability of a 

PLM platform to implement the iDMU in the creation of a control mechanism 

that allows a collaborative work. 

Keywords: Product and process maturity · Industrial Digital Mock-Up (iDMU) 

· Digital manufacturing · Digital factory · PLM 

1 Introduction 

Reducing product development time, costs and quality problems can be achieve 

through effective collaboration across distributed and multidisciplinary design teams. 

This collaboration requires a computational framework which effectively enables 

capture, representation, retrieval and reuse of product knowledge. Product Lifecycle 

Management (PLM) refers to this enabling framework to help connect, organize, con-

trol, manage, track, consolidate and centralize all the mission-critical information that 

affects a product and the associate processes and resources. PLM offers a process to 

streamline collaboration and communication between product stakeholders, engineer-

ing, design, manufacturing, quality and other key disciplines. 

Collaboration between product and process design teams has the following ad-

vantages for the company: reduction of time required to perform tasks; improvement 

of the ability to solve complex problems; increase of the ability to generate creative 

alternatives; discussion of each alternative to select as viable and to make decisions; 
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communication improvement; learning; personal satisfaction; and encouraging inno-

vation [1].  However, collaboration processes need to be explicitly designed and man-

aged to maximize the positive results of such an effort. 

Group interaction and cooperation requires four aspects to be considered: people 

have to exchange information (communication), organize the work (coordination), 

operate together in a collective workspace (group memory) and be informed about 

what is happening and get the necessary information (awareness). 

Maturity models have been designed to assess the maturity of a selected domain 

based on a comprehensive set of criteria [2]. These models have progressive maturity 

levels, allowing the organization to plan how to reach higher maturity levels and to 

evaluate their outcomes on achieving that. 

A maturity model is a framework that describes, for a specific area of interest, a set 

of levels of sophistication at which activities in this area can be carried out [1]. Essen-

tially, maturity models can be used: to evaluate and compare organizations’ current 

situation, identifying opportunities for optimization; to establish goals and recom-

mend actions for increasing the capability of a specific area within an organization; 

and as an instrument for controlling and measuring the success of an action [3]. 

Product lifecycle mainly comprises several phases, e.g. research, development, 

production and operation/product support [4]. The development phase comprises the 

sub phases shown in Fig. 1: feasibility, concept, definition, development and series, 

which involve improvement and modifications. Product collaborative design encom-

passes all the processes before the production phase, and the information management 

strategy of products achieve internal information sharing and collaborative design by 

integrating data and knowledge throughout the whole product lifecycle and managing 

the completeness of the information in each stage of product design. 

 

Fig. 1. Airbus product lifecycle and milestones development. 

Researches on the product maturity are mainly about project management maturity 

which are used to evaluate and improve the project management capabilities of enter-

prises. A smaller part of the researches have discussed the concept of product maturi-

ty, and the number of works devoted to studying maturity of related processes and 



resources is insignificant. Wang et al. [5] proposed the concept of space product ma-

turity and established a management model of product maturity, but it lacks the re-

search about product maturity promoting the product development process. Tao and 

Fan [6] discussed the concept of maturity and management control method in the 

process of integration, but the division of the maturity level is not intuitive, and dis-

cussed little about application of product maturity in collaborative R&D platform. 

Chen and Liu [7] provided the application of a strategy of product maturity for col-

laborative design on the collaborative development platform Teamcenter to verify the 

effectiveness and the controllability of the strategy. Wuest et al. [8] adapted the state 

gate model, a well-established methodology for product and software development, to 

production domain and indicated that it may provide valuable support for product and 

process quality improvement although the success is strongly dependent of the right 

adaptation. 

The main objective of this paper is the design of a maturity management model for 

controlling the functional and industrial design phase of an aeronautical assembly line 

in the Airbus company (Fig. 1), and explores the development of this model in 

3DExperience, a collaborative software platform by Dassault Systémes [9]. 

2 Antecedents and iDMU concept 

The industrial Digital Mock-Up (iDMU) is the Airbus proposal to perform the design 

process with a unique team with a unique deliverable. The iDMU is defined by Airbus 

to facilitate the integration of the processes of the aircraft development on a common 

platform throughout all their service life. It is a way to help in making the functional 

and the industrial designs evolving jointly and collaboratively. An iDMU gathers all 

the product, processes and resources information to model and validate a virtual as-

sembly line, and finally to generate the shopfloor documentation needed to execute 

the manufacturing processes [10-11]. 

Airbus promoted the Collaborative Engineering in the research project “Advanced 

Aeronautical Solutions Using PLM Processes and Tools” (CALIPSOneo) by imple-

menting the iDMU concept [12-14]. The iDMU implementation was made for the 

industrialization of the A320neo Fan Cowl, a mid-size aerostructure. It was built by 

customizing CATIA/DELMIA V5 [9] by means of the PPR model concept. The PPR 

model of this commercial software provided a generic data structure that had to be 

adapted for the products, processes and resources of each particular implementation. 

In this case, a specific data structure was defined to support the Airbus products, the 

industrial design process, the process structure nodes, the resources structure nodes 

and their associated technological information, 3D geometry and metadata. 

The process followed by Airbus to execute a pilot implementation of the iDMU is 

briefly described as follows. The previously existing Product structure was used and 

an ad-hoc application was developed that periodically updated all the modifications 

released by functional design. The Process and Resources structures were populated 

directly in the PPR context. The Process structure comprised four levels represented 

by four concepts: assembly line, station, assembly operation and task. Each concept 



has its corresponding constraints (precedence, hierarchy), its attributes and its alloca-

tion of products to be assembled and resources to be used. Once the PPR structures 

were defined, the system calculated the product digital mock-up and the resources 

digital mock-up that relate to each process node. As a result, the designer created 

simulations in the 3D graphical environment to analyse and validate the defined man-

ufacturing solution. This validation of the process, product and resource design, by 

means of Virtual Manufacturing utilities in a common context, is a key feature in the 

Collaborative Engineering deployment. 

The iDMU supports the collaborative approach through 3 main elements. First, it 

allows sharing different design perspectives, to reveal solutions that while valid for a 

perspective (e.g. resources design) cause problems in other perspectives (e.g. industri-

alization design), and to solve such issues. Second, it enables checking and validation 

of a high number of alternatives, allowing improving the harmonization and optimiza-

tion of the design as a whole. And third, it is possible to reuse information contained 

in the iDMU by other software systems used in later stages of the lifecycle, facilitat-

ing the integration and avoiding problems with translation of models into intermediate 

formats, and making easier the use of new technologies such as augmented reality. 

The CALIPSOneo project [12-14], with a scope limited to the A320neo fan cowl, 

allowed confirming that the iDMU provides a suitable platform to develop the soci-

otechnical process needed by the collaborative engineering. However, the project also 

revealed that the general functionalities provided by the adopted PLM commercial 

solution required an important research and development work to implement the data 

structures and functions needed to support the iDMU. 

An important factor in the implementation of an iDMU is the need for a PLM tool 

capable of coordinating the workflow of all participants by means the definition and 

control of the lifecycle of allocated elements of the PPR structure, i.e. to manage its 

maturity states. At present, this issue is being addressed in the research project "Value 

Chain: from iDMU to Lean documentation for assembly" (ARIADNE). 

3 Methodology 

As said before, one of the studies carried out within the scope of the ARIADNE 

project was the analysis of capabilities that a PLM tool requires to manage the maturi-

ty states of the iDMU. Such a PLM tool aims the following objectives: 

 To define independent and different maturity states sets for Product, Process and 

Resource revisions. 

 To define precedence constraints between the maturity states of a Process revision, 

and the maturity states of its related Products and Resources. 

 To define, for each Process revision maturity state, other conditions (e.g. attribute 

values) that are to be met prior to evolving a Process revision to the maturity state. 

 To define, for each Process revision maturity state, that some process data or rela-

tions are not modifiable from this maturity state onwards. 

 To display online, in the process revision iDMU, the Products and Resources 

evolved through maturities from the last time it was vaulted. 



 To display online, in the process revision iDMU, the impact of the evolved Prod-

ucts and Resources and how easy these issues can be fixed. 

In order to prove the capabilities of a new PLM tool to meet these objectives, a simple 

lifecycle model is proposed. The model has only three possible maturity states for 

every element of the PPR structure: In Work, Frozen and Released. However, the 

importance of the proposed model lies in a set of constraints that prevent the promo-

tion between maturity states, as described below. This simple model aims to be a 

preliminary test to evaluate a new PLM tool, so that it can be improved and extended 

with new states, relationships, constraints, rules, etc. 

The In Work state is used for a new version of a product, process or resource ele-

ment in the PPR structure. In Work data are fully modifiable and can be switched to 

Frozen by the owner, or to Released by the project leader. Frozen is an intermediate 

state between In Work and Released. It can be used, for example, for data waiting for 

approval. Frozen data are partially modifiable (for minor version changes) and can be 

switched back and forth between In Work and Frozen by the owner, or to Released by 

the project leader. Released is the final state of a PPR element, e.g. when a product is 

ready for production, a process is accepted for industrialization, or a resource is fully 

configured for its use. Released data cannot be deleted and cannot switched back to 

previous states. 

 

Fig. 2. Proposed simple model for the lifecycle of the PPR structure. 

Fig. 2 shows a schema of the proposed model. At the beginning of the lifecycle, 

since Design Engineering starts the product design, usually Manufacturing Engineer-

ing can begin to plan the process, set up the layout and define the necessary resources. 

In this situation, all product, process and resource elements in the PPR structure are In 

Work. The collaborative environment must allow the visualization and query of in-

formation under development to the different actors of the system, based on roles and 

permissions, so that it helps to detect design errors and make right decisions. 

The new PLM tool must provide a set of rules or constraints that allow to control 

and alert the designer about non-coherent situations. Fig. 2 schematically presents 

some constraints to promote a PPR element. For instance, it is not possible to assign 

to a process node a maturity state of Frozen until the related product node has a ma-

turity state of Released and the allocated resource has a maturity state of Frozen. In a 

similar way, to promote a process to Released, the allocated resource must be in Re-



leased. On the other hand, the resource element can only reach the maturity state of 

Released when the process element has been Frozen previously. 

In addition to define constraints between elements of different types (product, pro-

cess and resource), it is necessary to establish rules between elements of the same 

type to control the change of maturity states of their interconnected elements. For 

instance, the following constraint inside the Product structure could be established: 

the designer of a product consisting of several parts can change the state of the prod-

uct element to Frozen/Released when all its parts already have that same state, so that 

a part still unfinished (In Work) alerts him that the product cannot be promoted yet. 

4 Practical application 

The proposed model for managing the maturity states of an iDMU was implemented 

and tested in a PLM commercial software, within the frame of the ARIADNE project. 

The implementation was carried out with the 3DExperience software solution by Das-

sault Systémes. 

 

Fig. 3. Schema of implementation of Airbus iDMU concept in 3DExperience. 

The PPR structure in 3DExperience differs slightly from CATIA/DELMIA V5 so 

that the process of building the iDMU is different from those developed in previous 

projects. A significant difference is that the previous 3-elements PPR structure is re-

placed by a 4-elements structure, as represented schematically in Fig. 3: 

 Product: it presents the functional zone breakdown in an engineering oriented or-

ganization. It is modelled by Design Engineering to define the functional view for 

structure and system installation. 

 Process: it is focused to model the process plan from a functional point of view. It 

is indeed a product structure composed of a cascade of components identified by 

part numbers that presents how the product is built and assembled. Thus, both 

product and process elements of the PPR structure are directly correlated. 



 System: it defines the work flow operation. It contains a set of system/operations 

that corresponds to the steps necessary to correlate with the Process structure. It 

contains the information necessary to perform operations such as balancing the as-

sembly lines. 

 Resource: it represents the layout design for a manufacturing plant. Resources can 

be classified as working (e.g. robot, worker, conveyor), non-working (e.g. tool de-

vice) or organizational (e.g. station, line). The required resources are attached to 

operations in the System structure, as shown in Fig. 3. 

The adopted PLM software integrates a default lifecycle model to any created ob-

ject that controls the various transitions in the life of the object. This model includes 

elements such as user roles, permissions, states and available state changes. To facili-

tate the collaborative work, 3DExperience also provides a lifecycle model to manage 

Engineering Changes, which has links to PPR objects, and a transfer ownership func-

tionality that can be used to pass an object along to another authorized user to pro-

mote it. Both PPR and Engineering Changes lifecycle models can be customized. 

These characteristics made 3DExperience an adequate collaborative platform for the 

purpose of this work. 

 

Fig. 4. (a) Extension of proposed model and (b) Airbus A400M empennage. 

The objectives that a PLM tool must satisfy for managing the maturity states, de-

scribed in the previous section, were analysed to fit the 4-element PPR structure of the 

3DExperience software. Accordingly, the proposed model was redefined as shown in 

Fig. 4(a). As can be seen, the set of constraints for the System lifecycle is equivalent 

to the previous set of constraints for the Process lifecycle, whereas that Process ele-

ments are the bridge between Products and Systems. 

A series of roles has been defined (see Fig. 4(a)) to implement the proposed model 

of maturity states in 3DExperience, such as the Project Leader (PL) and a different 

type of user to design each of the PPR structures: a Designer Engineer (DE), a Pro-

cess Planner (PP), a Manufacturing Engineer (ME) and a Resources Designer (RD). 

Each system user is responsible for designing and promoting/demoting each node of 

its structure to the three possible states, as shown in Fig. 4(a). The PL coordinates all 



maturity state changes: he checks that there are no inconsistencies and gives the other 

users permission to make the changes. 

Designers have several possibilities for building the iDMU using the 3DExperience 

graphical interface. Briefly, the maturity state is stored as an attribute of each PPR 

element, so it can be accessible from the query tool “Properties”. The software also 

provides the “Team Maturity” utility to display information in the graphical environ-

ment about the maturity states. This utility displays a coloured flag in each element of 

the model tree that indicates its maturity state; however, it applies just for Product and 

Resource elements, i.e. elements that have associated geometry. Another utility al-

lows displaying graphical information about the related elements of an allocated iD-

MU element. Both graphical utilities, for maturity states and related elements, were 

used to search and filter information before changing an object state. To promote or 

demote the maturity state of an iDMU element, the “Change Maturity” utility presents 

different fields with the available changing states and related information according to 

the lifecycle model, roles and permissions. 

The Airbus A400M empennage (about 34000 parts, see Fig. 4(b)) and its assembly 

processes were selected to develop the iDMU in 3DExperience. The empennage 

model developed in CATIA V5 was used as the Product structure. Process, System 

and Resource structures were modelled from scratch. Different use cases were evalu-

ated by choosing small and more manageable parts of the iDMU to change their ma-

turity states in the collaborative platform. The following is a summary of the imple-

mentation process carried out. An example is shown in Fig. 5. 

 

Fig. 5. An example of implementation of the proposed simple model. 

At the beginning of the lifecycle, the PL authorized all other system actors to work 

together in the iDMU at the same time in the collaborative platform (label a in Fig. 5). 

The main PPR structures were created and scope links were established between 

them. In this situation, all PPR nodes were In Work while the iDMU was designed in 

a collaborative and coordinated way. 

One of the first state changes in the iDMU is made by the DE when it promotes a 

component or subproduct to Frozen (b). In this situation, only minor design changes 

could be made to the frozen component, which will have no impact on the rest of the 

iDMU (including other components of the product). Demoting the component to an In 



Work state (c) would indicate that major changes are required as a result of the current 

design state in other areas of the iDMU. In general, the promotion to Released of 

every PPR structure will be carried out in an advanced state of the whole iDMU. This 

means that their design has been considered as stable and that no significant changes 

will occur that affect other parts of the iDMU. 

Maturity state changes in the Process structure are conditioned by the state of relat-

ed components in the Product structure. Thus, before promoting a Process element 

(d), the PP must check the status of related components with the aforementioned 

3DExperience utilities to search and analyse the related elements and their states of 

maturity. If the related product is Frozen/Released, the PP can request authorization 

to the PL to promote the Process element. 

Another of the first state changes of maturity that occurs in the iDMU is that of re-

sources. Thus, the RD promotes a resource to Frozen (e) or demotes it to In Work (f) 

following the same guidelines as the DE with the products. Instead, the promotion of 

a resource to Released (g) can only be authorized by the PL when the related assem-

bly system is Frozen, indicating that the assembly line has been designed except for 

possible minor changes that would not affect the definition of the resources. 

The ME is the last actor to promote the state of his work in the iDMU: the design 

of the assembly system/line. In order to freeze his work (h), the ME needs to know in 

advance the final design of the product assembly process and also the definition of the 

necessary resources. Any changes in product or process structures, even if they are 

minor, could have a relevant impact on the definition of the assembly line. Therefore, 

the ME must previously verify that related assembly processes are Released and re-

quired resources are Frozen. Since resource nodes are linked to the System structure 

through operation nodes, the ME extensively uses the 3DExperience utilities to trace 

all affected nodes and check their maturity states. As discussed above, the promotion 

to Released of all PPR structures occurs in an advanced development of the iDMU, 

being the last two steps those relating to Resource and System structures. 

5 Conclusions 

This paper presents the methodology and preliminary results for the management in a 

collaborative environment of the maturity states of PPR elements with all product, 

process and resource information associated with the assembly of an aeronautical 

component. The methodology aims to evaluate the suitability of PLM tools to imple-

ment the Airbus methodology in the creation of a control mechanism that allows a 

collaborative work. 

The proposed model shows in a simple way the importance of the flow of infor-

mation among the different participants of a unique team to build an iDMU as the 

unique deliverable in a collaborative platform. An outstanding feature of the lifecycle 

model is its ability to authorize or restrict the promotion of a product, process or re-

source element depending on the states of the related elements. Different use cases 

with coherent and non-coherent situations have been successfully analysed using 

3DExperience to implement an iDMU for the Airbus A400M empennage. 



In this work, the change management of maturity states has been coordinated by a 

Project Leader. The next step will be to customize 3DExperience to automate the 

maturity state changes, so that the system is responsible for evaluating the information 

of related elements, allowing or preventing the designer from promoting an iDMU 

element. 
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