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Abstract: Changing conditions in the automotive industry mean that assembly lines have
to be built faster and at an increasingly early stage of the product development
process. Since the required efficiency improvements could not be achieved
with conventional planning processes, organisational structures and software
systems, DaimlerChrysler AG introduced the Digital Factory strategic project
in mid-2000. At the centre of this project is the complete and integrated digiti-
sation of all areas of production planning. The following article describes the
digitisation process — from the selection and introduction of suitable software
and IT infrastructure, through the development of methods for efficient plan-
ning, to the changing and restructuring of the production planning process and
the organisation.
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1. CHANGING CONDITIONS IN THE
AUTOMOTIVE INDUSTRY

In order to maintain and enhance its leading position in an increasingly
competitive market, DaimlerChrysler AG launched a wide-ranging model
offensive several years ago (SCHILLER et al. 2003). In addition to devel-
oping new variants of existing models and vehicle types, a key component of
this strategy was the introduction of entirely new vehicle concepts. Along-
side this model offensive, DaimlerChrysler initiated a range of measures to
significantly reduce product development times. For example, the introduc-
tion of CAD systems and the associated shift to computer-aided 3D model-
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ling led to a noticeable shortening in the time needed for the design process.
The introduction of a company-wide PDM system also simplified and there-
fore accelerated the product data acquisition and management processes (in
particular those applicable to design data). But the changes went further than
simply introducing and implementing new IT systems; the processes and
workflows in product development were also restructured - especially those
relating to product design.

A few years ago it became apparent that those technical and organisa-
tional changes needed to be matched by adjustments within the planning
departments that take the designed vehicles and put them into production.
Shorter development times, for example, mean that the associated assembly
lines have to be planned faster and earlier. Production planning was there-
fore faced with the challenge of significantly improving the efficiency of its
operations in order to keep pace with product development. There are two
critical factors to this: Firstly, assembly lines will in future have to be both
planned and tooled for an increasing range of vehicle models. Secondly, the
introduction of new, innovative vehicles often demands the implementation
of new production methods and processes, which must first be made ready
for standard production by production planning.

As well as improving the efficiency of existing planning processes, pro-
duction costs also need to be shaved. In addition to the continuous (in the
sense of CIP) drive to reduce these costs, significant potential has to be real-
ised with every type change in a vehicle programme. This is the only way for
production at existing sites to remain profitable and competitive in the long
term. In order to achieve real cost savings, production needs must be consid-
ered early on in the product development process. Much more so than in the
past, production planning therefore has be involved in the product in a
DFMA (Design for Manufacture and Assembly) sense from the early stages.
It is well known that the cost of making changes in the later stages is dispro-
portionately high. Volume production conditions can only be taken into
account in the early phases of product design, however, if design engineers
and planners work closely together in a concurrent engineering approach
(HALLER, SCHILLER 2003). The aim of this type of co-operation is to
achieve a win-win situation for both design engineering and planning, in
other words shorter product development and production planning times
combined with improved planning quality and greater maturity of product
and production process.

In order to successfully implement concurrent engineering, communica-
tion and co-operation between the departments concerned are essential.
However, this requires both design engineers and production planners to be
operating on an equal footing in terms of both technology and processes. As
far as the introduction and use of IT systems is concerned, the intensive dig-
itisation process undertaken in design engineering over recent years has put
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it a good way ahead of production planning. Figure 1 shows how significant
progress has been made in establishing digital methods in design engineer-
ing, whereas digitisation in conventional production planning is far less
advanced. Here two-dimensional, alphanumeric planning supplemented by a
number of individual simulation tools, such as material flow simulation, still
dominates.
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Figure 1. Digitisation in design engineering and production planning

In order to close this technology gap between design engineering and
production planning, DaimlerChrysler AG launched the Digital Factory
(DiFa) strategic project in mid-2003 (SCHILLER, SEUFERT 2003). The
aim of this project is to digitise production planning in a way that is compa-
rable to the introduction of CAD in design engineering.

2. DIGITISATION OF PRODUCTION PLANNING

A prerequisite for the digitisation of production planning was the choice
of suitable software and the IT infrastructure needed to run it. As well as
including the actual planning functions such as process modelling, planning
validation, analysis/reporting and controlling, the software also had to allow
the integration of data and applications between design engineering, process
planning (e.g. for body-in-white or assembly) and plant planning (e.g. of the
building or equipment). In data integration in particular, direct access by the
planning departments to product geometry data and parts lists produced by
design engineering is critical. The digitisation of production planning at
DaimlerChrysler began at a good time since it coincided with a move by
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software companies that had previously developed CAD systems to start
expanding and integrating planning functions into their existing systems.

On the IT infrastructure side, standard technology has been used system-
atically right from the start. In other words, the digital planning software has
to run on conventional PCs with upgraded memory and graphics processing
and display capabilities. This is the only way of ensuring that it can subse-
quently be distributed to several hundred employees. As well as providing
production planners with digital planning capability at their workstations, a
"power wall" has been set up at Mercedes-Benz’ central production planning
and design engineering facility in Sindelfingen specifically for the visualisa-
tion of major planning issues such as entire lines or plant halls. The 13 m?
projection screen can be used to display large-scale production areas 1:1 and
to show moving 3D simulations of production processes.

The digital planning software and IT infrastructure provided by the
Digital Factory form the basic building block for integrated, digital co-
operation between production planning and design engineering. Giving
planners access to digital product data directly within the planning environ-
ment enables them to check the data against production requirements far
more easily and thoroughly than before. Using three-dimensional digital
models, planners can work out their requirements and suggested modifica-
tions — particularly regarding production-oriented product design under stan-
dard production conditions — at a very much earlier stage and on a much
sounder basis than before (SCHILLER, SEUFERT 2004). In addition to the
actual software and IT infrastructure, however, this approach also requires
the provision of appropriate methods for efficient planning. Figure 2 shows
that alongside intensive measures to standardise production resources and
processes, such methods must include detailed definitions of workflows
which set out the operational planning steps, including roles and responsi-
bilities.

The following account demonstrates how these prerequisites were estab-
lished in the Digital Factory using as an example the testing of welding guns
as part of the planning process for body-in-white production. This test
involves checking the geometrical accessibility for welding guns of all weld
points on a vehicle. In conventional planning this used to be done using real
welding guns on the first prototype vehicles to be assembled, but in the
Digital Factory the test can be carried out on the digital vehicle. Data inte-
gration allows the planner to access not only the geometrical data for the
product, but also the relevant weld point information (e.g. position and
alignment of the weld point, associated components, weld point diameter).
The functions included in the planning software allow the planner to check
the weld points after entering predefined parameters. This simulation can be
performed either manually or automatically and is based on the manufactur-
ing processes (joining sequences) defined by the planner and displayed in the
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system. The welding guns used in the digital test come from an approved
standard catalogue used by the Mercedes Car Group. The result of the test is
a list from which the planner can determine which weld points are accessible
with the selected standard guns and which are not, along with the minimum
number of guns that are required. To ensure that in future this type of test is
no longer restricted to specialist operators, a detailed workflow with clearly
defined roles has been developed. In addition, production planners have
received training in the steps involved so that simulation experts now rarely
need to be called in.

Planning functions:
= Process modelling
= Flanning validation
s Analyses/ Reporting
= Controlling

integration of data:

= Product data

= Frocess planning data
= Flant planning data

Figure 2. Prerequisites for the Digital Factory

The welding gun test and other methods developed in various vehicle
projects that are currently in the development and planning phase have since
been successfully used at an operational level. In order to achieve this, not
only the software and methodology requirements outlined above had to be
fulfilled but also the existing processes and organisational structures that
were based on conventional planning had to be adapted for digital produc-
tion planning. Thereby the new production planning process described below
was developed and introduced as part of a comprehensive restructuring ini-
tiative

3. NEW PRODUCTION PLANNING PROCESS

The starting point for the design of the new planning process was the
need arising from the changed conditions for a stronger product input from
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planning in the early stages of vehicle development. In line with the devel-
opment process, which comprises a concept phase and a vehicle develop-
ment phase, the new planning process is divided into a standard planning
phase and a real planning phase (see Figure 3).
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Product concept Final product specification Start of production
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Figure 3. New production planning process

3.1 Standard Planning Phase

The emphasis during the standard planning phase is on working on the
product — in other words production-oriented product design. Defined prod-
uct statuses that exist at specific milestones (quality gates) in vehicle devel-
opment are tested here under standard production conditions, using the latest
product and 3D geometry data for defined vehicle configurations. This data
can then be used as a basis for the start of digital planning for a vehicle pro-
gramme. Suggested improvements and tentative solutions worked out by the
planners during this phase can then be discussed with the design engineers
on an ongoing basis.

The standard planning phase begins with the specification of the product
concept around five years before the start of volume production. The end of
the standard planning phase roughly coincides with the creation of the final
product specification by design engineering. During this period the produc-
tion planning activities are broken down into areas such as digital body-in-
white, assembly, logistics/equipment and plant planning. Production issues
in the various planning areas are taken into consideration using standard
modules. By using individual elements from a range of standard libraries,
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alternative production lines (for body-in-white for example) can be very
quickly constructed, analysed and modified if necessary, and also costed out
and compared with one another. The results from the digital planning vali-
dation in particular are taken into consideration here. In the standard plan-
ning phase, the digital planning validation is responsible for the conceptual
testing of the vehicle's production feasibility. For body-in-white production,
this includes checking the geometric accessibility of the various weld points
and the manufacturing sequence and concept or layout. Similarly, in assem-
bly planning the digital planning validation provides results about the safe
and ergonomic assembly of components under standard production condi-
tions, and about assembly sequences at stations and on production lines.

3.2 Real Planning Phase

In the real planning phase the valid planning status from the standard
planning phase is then transferred to a real, specific plant situation. The
starting point for this phase is the "design freeze" which occurs when the
final product specification for the entire vehicle is agreed. This gives the
product and production concept a much greater stability than it has in the
standard planning phase. In the real planning phase the production systems
are planned in increasing detail as time goes on, taking account of physical
conditions at the production site (e.g. existing buildings), technical condi-
tions (e.g. degree of automation) and specified planning parameters (e.g.
number of vehicles to be produced).

33 Benefits of the New Production Planning Process

This new planning process, with the Digital Factory as an essential ele-
ment, enables production planners to find optimal solutions at a very early
stage using digital data. This has been confirmed in a number of vehicle pro-
gramme projects since the introduction of the new process. Furthermore,
empirical evidence gathered over the course of these projects shows that the
new production planning process offers real benefits in the following areas
in particular:

o Increased planning efficiency and planning speed through the use of
standard libraries, data integration and automation. Improvements of over
20 % are achievable here.

o Improved quality of planning results through systematic digital testing
and plausibility checks. This can be seen in line capacity utilisation, for
example, which has been increased by 10 to 15 % with the help of the
Digital Factory.
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o Improved processes of agreement between engineering, planning and
production through integrated workflows, the ability to test alternatives
and the visualisation of planning results. This has allowed optimisation
discussions between design engineers and planners to be conducted on a
much sounder footing, leading directly to a marked reduction in subse-
quent design changes.

This combination of benefits has brought about the required increase in
the maturity of product and production process. The key factor here is the
flow of requirements and findings from planning and production into the
product development process. Problems can be identified far earlier than
before and resolved jointly with appropriate measures. The digital planning
validation is a particularly good example of this. With the new production
planning process the joining and assembly sequences are also tested under
standard production conditions using DMU. Previously this had to wait until
the first real assembly of the vehicle in the zero series at the end of the vehi-
cle development phase. The Digital Factory with the digital planning vali-
dation mean that any necessary changes can be made roughly 17 months
earlier. Analyses comparing conventionally planned vehicle models that are
still in production with new vehicle models that were planned and tested
with the aid of the Digital Factory show that approximately 30 % of the
problems that arise at the start of vehicle volume production can be avoided.

4. IMPACT OF THE DIGITAL FACTORY ON
ORGANISATION AND CO-OPERATION
BETWEEN DESIGN ENGINEERING AND
PRODUCTION PLANNING

Early vehicle projects clearly showed the benefits of the Digital Factory
through specific examples. Now the potential arising from the groundwork
done in terms of software and methods and the new production planning
process has to be realised across the board for future vehicle models. If the
Digital Factory is to be established on a sustainable footing, a far-reaching
and comprehensive process of change is required. The new production plan-
ning process and the potential offered by digital planning software will only
bring lasting benefits if the organisation is also adapted accordingly or
restructured where necessary. The first organisational changes to have been
implemented with the aim of establishing the Digital Factory on a broad
basis are shown in Figure 4. We will then consider two specific examples:
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Figure 4. Organisational changes for the purposes of establishing the Digital Factory

o Competence centre for assembly optimisation: The Digital Factory offers
expert tools for optimising assembly processes. To enable these to be
used more widely, a special competence centre for assembly optimisation
has been established. The centre comes under the production planning
umbrella in the Mercedes Car Group. Its principal task is the planning,
control and in some cases delivery of interdisciplinary workshops on the
optimisation of assembly processes, e.g. balancing lines and stations.
This has involved looking not only at vehicle programmes that are cur-
rently in the development and planning stage, but also at those that are in
production today. Experts from assembly and logistics planning usually
take part in the workshops. As they work together to develop and assess
alternatives and find optimal overall solutions, staff from the competence
centre offer help in the use of the various planning and testing tools from
the Digital Factory. This procedure has increased capacity utilisation in
the assembly process by up to 10 percent.

e Digital process days and process reviews: The purpose of digital process
days is to visualise production planning statuses digitally, allowing them
to be tested at an early stage. Whereas the competence centre provides
continuous support for assembly planning, digital process days are one-
off events. They are planned according to the progress of vehicle pro-
jects. In advance of each digital process day the necessary test parameters
and scenarios are decided. The individual tests are then performed with
the planning software using the latest product data. On the process day
itself, the detailed results of the tests are then presented to representatives
from design engineering and production planning with responsibility for
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the vehicle projects. The current planning status is discussed within the
group and assessed on the basis of checklists. Measures are devised to
resolve any problems, in the form of design changes or process adjust-
ments, for example. At the end of a digital process day the measures that
have been devised are presented in a special management session to deci-
sion-makers from design engineering, production planning and produc-
tion. In this way individual measures can be agreed immediately, and
people nominated to ensure that they are carried out. In between digital
process days there is also a mechanism for holding digital process
reviews if required, where partial results from the digital planning vali-
dation can be presented to a smaller selected group of people, and pre-
liminary measures decided upon together.

The organisational changes described here represent a major first step
towards establishing the Digital Factory within DaimlerChrysler AG. Fur-
ther steps are still needed, however. If the Digital Factory and Digital Pro-
duction Planning (DPP) are to be established for the long term, a change in
the behaviour and attitude of everyone concerned, at every level of the
organisation, will also be required (see Figure 4).

To this end, a number of targeted activities have been undertaken since
the start of the project. One of the most important of these involves training
staff to use the Digital Factory. This begins with process training courses,
where staff learn about the new processes, methods and procedures and
about the changes they mean to the way they work. Only when planners
have learnt about the new processes (workflows) and their consequences do
they move on to systems courses on the use of the digital planning software.

Their subsequent hands-on work with the planning software is accompa-
nied by psychology oriented work analyses. Interviews and activity logs are
used to measure improvements in planning quality and the impact of the
Digital Factory on planning contents and their time spread in comparison to
conventional planning (SIMON, SCHILLER, HACKER 2004). Design rec-
ommendations for further developments to the methods and software in the
Digital Factory are then derived from these results.

A new co-operation model, in which pilot users from the various depart-
ments work with staff from the Digital Factory project on current planning
issues, has proven to be another useful way of broadening acceptance of the
Digital Factory. Responsibility for the technical planning result still lies with
the department, however. This new way of working has proven to be par-
ticularly popular with planners.
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S. NEXT STEPS

After more than three years, it is clear that the Digital Factory project
represents a major step along the road towards true concurrent engineering.
With the introduction of digital planning software and the implementation of
methods for digital planning and validation production planning have now
made comparable progress towards universal digitisation like design engi-
neering. Through the digitisation of production planning, the new planning
process and the organisational changes that have been made, design engi-
neers and planners are now able to work together and communicate "eye-to-
eye" and with far less friction. This improved co-operation between design
engineers and planners means that they can work together to realise their full
joint potential. In future, production systems will not be planned, built or run
until the product, the production processes and the production facilities have
been digitally tested on the computer (SCHILLER, SEUFERT 2003). In
contrast to conventional production planning, not only can solutions be
reliably evaluated at a much earlier stage but alternative planning scenarios
can also be developed quickly and at little cost. In this way, the Digital
Factory enables the most promising alternative to be selected at a very early
stage, thereby reducing the risk of subsequent changes and of wasted
investment.

Despite — or possibly even because of — the advanced status of the Digital
Factory at DaimlerChrysler, there are still things that remain to be done
(HALLER, SCHILLER, SEUFERT 2003; HALLER 2003):

o In terms of software and methods, issues such as the integration of plan-
ning and layout data into existing EDM/PDM systems, integrating and
managing large amounts of data, improving software performance, sta-
bility and user-friendliness, and extending the existing software planning
functions and planning methods are paramount.

o In the area of processes, attention will be directed towards complexity
management. To this end, roles, responsibilities, information flows and
schedules need to be defined more precisely, and also described more
clearly and simply.

e The changes to the organisation that have been made now need to be
extended. More competence centres need to be built for specific areas,
for example, and the new co-operation models must increasingly be made
to apply across vehicle programmes. For example, as well as design
engineers and planners, production staff (supervisors and operators) will
increasingly take part in digital process days. In addition, organisational
models allowing greater integration of suppliers into digital production
planning need to be developed and implemented.
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e With regard to changing the behaviour and attitude of staff to the Digital
Factory, the goal is to increase motivation through participation, which
means that all staff concerned must now be included in training pro-
grammes and courses.
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