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Abstract

Concurrent engineering (CE) requires designers to
share information that can be incomplete or contradictory
early during product development (PD). Information share
is even more important when it crosses company borders
to include customers and suppliers in the development of
complex product. This exploratory research focuses on CE
during early supplier involvement (ESI) when the product
development process involves more than one company. A
review of CE and ESI related literature finds lacking
efforts that address the two issues: how to structure the
process of customer /supplier collaboration, and where the
supplier is involved in the customer’ engineering process.
This paper reports the findings of a case study conducted
within two European companies (customer/supplier) about
the issues. This paper found: (a) difficulties to implement
CE across company borders; (b) engineers tend not to
view their work in terms of creating and altering
documents, nor even in terms of processes but in terms of
assigning values to specifications and the relationships
among specifications. This view is well supported by
parameters. This parameter approach is useful to allow
information-sharing, data communication and fto control
data validity. The paper discusses those findings as well as
the implications relevant to those seeking to incorporate
the information knowledge available from suppliers into
the engineering design process. But it is neither aimed to
Justify the obtained results nor to describe any existing
model that may help to understand such results.

1. Introduction: concurrent engineering in
the early supplier involvement for complex
product development across company borders

Market demands are moving manufacturing from mass
production to mass customisation. To quickly responding
to customer needs, companies are developing product in a
collaborative process. Collaboration aims to improve
product development efficiency (product cost and quality)
and effectiveness (development cost and quality).

Pressure to achieve these goals resulted in significant
changes in the way that engineering design is practiced.
First the traditional sequential design-and-manufacture

process is being substituted by a parallel activity known as
concurrent engineering [13]. This concept calls for the
involvement within the preliminary phases of design
process, for all parties (work-group member’s close co-
operation) who can bring to bear expertise upon a design.
For example, once the designer completes a set of
drawings, manufacturing engineers may need to redesign
the parts for ease of manufacture. Collaboration between
work-group could span the company borders to include
both customer and suppliers early in the product
development process [4, 6, 14]. This collaboration is
recognised as a complex process [9]. Much cost could be
saved in the early phase of collaboration'. Second due to
the advances in information and communication
technologies, new and more powerful forms of enterprise
organisation are emerging. The current trend for
companies to focus on their core competencies is leading
to closer forms of co-operation between customer and its
suppliers namely through the establishment of different
company networks [11]. In this setting, the role of supplier
is evolving from the provision of components to a role that
includes the provision of design information and
knowledge [3]. Designers now have to rely heavily upon
suppliers for information and expertise throughout the
engineering design process.

The effects of these changes are many-fold, particularly
upon the nature of customer-supplier relationships. These
changes include the way information is handled. Indeed,
some studies about engineering activities during complex
product design [3, 7, 8] have shown that a very high share
of engineering hours are spent on organisational matters
rather than on productive tasks (figure 1). Approximately
25% are consumed while waiting for decisions or
information from others work-groups. There are several
reasons advocated, but the most important cause identified
is the inadequate involvement of supplier in the customer’
engineering process.

' Prasad [13] reports that approximately 80% of a product’s life-cycle
development cost is driven by decisions made in the first twenty percent
of the program effort.
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Figure 1. Productive engineering activities is a
small rate of engineering activities [7]

Identifying where suppliers are involved in the
customer’ manufacture processes will enable: (a) all
involved parties to work in a concurrent manner instead of
serial; (b) to reduce engineering changes (ECs) earlier by
means of early and intensive communication with the
suppliers and (c) to structure and control information
shared between the work-group member’s close co-
operation. EC refers to changes or modifications in form,
representation, design, material, dimensions, functions,
etc., of a product or component after an initial engineering
decision has been made [10]. EC results from the fact that
engineering is an iterative rather than a purely linear
process.

Supplier involvement in the customer processes should
therefore be managed carefully. One aspect of this
research is to identify where the suppliers are involved in
the engineering process of the customer, and how to
inform suppliers and concerned parties about ECs impact
as early as possible.

Hopefully this paper brings insight into the issues. This
paper contributes to the CE and ESI literature by
addressing the two above issues via a case study. This is
focused on the design specifications that are usually
provided in the early stage of product development, in the
manufacture industry. This is a novel research in the area
of ESI, product development, and competitive advantage
that shows how customer-supplier interface works. The
reminder of this paper begins with a brief literature review.
The next section lays out the research methodology. The
subsequent section describes the case study and the
findings of the paper. The paper concludes with a
discussion of the implications of this study and orients
future research directions.

2. Literature review and unanswered
questions

Our literature review uncovers the three following
observations relevant to our purpose stated above.

First, from the recent literature review, this research
has found that the subject of early supplier involvement
(ESI) is a new and important research area both for the
research community and practitioners [3, 6, 9, 14, 17, 18].
It appears that the customer-supplier interface now plays a
key role in the design and development of complex and
new products. For example, Culley et al. [3] have found
that 86% of the surveyed companies take account of the

“information and knowledge” previously obtained from
suppliers. Moreover, significant benefits can be achieved
if suppliers are involved in development process as early
as possible [9, 12, 14, 18]. For example in the automotive
industry, a critical element of Japanese practices is to
involve suppliers, from the early stages, in the design of
components for a new vehicle [2]. Therefore, customers
have required the suppliers to be more involved in product
development, thus shifting the responsibility of design and
engineering to outsider specialist [14]. While the benefits
of ESI are advocated, recent investigation in
manufacturing industries has revealed that this approach is
not widely practised in industries and its implementation
has been a great challenge to researchers and practitioners
[6,9, 12].

Second, although organisational aspects of ESI have
received much attention (such as supplier selection &
evaluation, types of involvement, problems in managing
supplier involvement, criteria to successful supplier
involvement, integration procedures, availability of
frameworks, communication procedures, controlling the
process of cooperation), relatively several issues are still
unsolved. One of the key issues is the need to understand,
in practice, the mechanism by which suppliers are
incorporated into the engineering design process and the
way their information is handled during design activities.
This has been raised by recent studies [3, 9, 14, 18]. For
example, Takeishi [14] quoted “managers have
continually struggled with the question of where to set the
boundary between what work takes place inside vs outside
a company, what kind of relations to build with supplier,
and how to manage the division of labour with them”.
Culley et al [3] did find one-third of the surveyed
companies had access formal guidelines to aid respondents
in decisions such as “when to involve suppliers in the
engineering design process? What their level of
involvement should be?”. ldentification of the supplier
involvement may help to set priorities so that suppliers’
involvement becomes more manageable and economical.
Even though ESI is recognised as an important subject, it
is extremely difficult to perform early at the product
development stage [1, 5, 9]. There are several typologies
that differentiate between different forms of supplier
involvement on the basis of product characteristics [11,
17]. Although valuable, these typologies have some
shortcomings. Especially, they did hot address much
details of how the collaboration and the involvement must
be managed. Huang and Mak [9] reviewed a number of
methodologies to support ESI. But they did find them
unsatisfactory and piecemeal recommendations. Existing
typologies only provide guidelines regarding the phases of
supplier involvement of a development project (e.g. from
the concept phase until the end vs only in the detail
engineering phase) and the extent of involvement (e.g. the
supplier only receives functional specifications vs almost
complete blueprints). Among difficult issues facing the
manufacturing in achieving effective & efficient supplier
involvement during product development identified by
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Wijnstra et al. [18] are the identification of processes and
tasks that need to be carried out. The German national
research project GIPP [1] tried to identify where different
suppliers are integrated in the engineering process of the
customer. GIPP models the interface between the customer
and its suppliers through establishing links between the
Bill of material (BoM) and the associated components at
different levels of detail (see figure 2).

Process model

Product model Depth analysis

Upper level
meaningless

Medium level
Reasonable range
for the creation of

relations

T 101 O 1O-TL 1 il H__l -.’ Lowe'rlevel
complexity cannot
Focus of the paper be handled

Figure 2. Relations between product and process
model according to GIPP [1]

GIPP holds that the upper level is not useful and
therefore not taken into account. The medium levels can
be considered as the reasonable range for the
establishment of supplier involvement, whereas the lowest
level is too complex to be handled. The lowest level is
exactly the main scope of this paper. It is the only
meaningful one for the identification of the actual need for
communication between customers and suppliers.
However, our findings are different from the GIPP, as it
will be explained in section 5.

Third, identifying where suppliers are integrated in the
customer’ engineering processes is also an open issue in
the area of engineering change management community.
This is useful to quick react to engineering change (EC).
The change in one components or parts (at supplier side or
customer) may affect other parts or components (at the
customer or supplier side). Whilst it is necessary to
identify the impact of change on both sides, recent
literature on EC only addressed the issue within a single
company [10, 15]. Efforts are lacking to manage ECs
during customer/supplier relationship. Therefore there is a
need to understand how the concurrent engineering
changes could be achieved across company borders and
what are the associated problems.

SGP (the customer) is in the process to reorganise its
engineering processes towards the future product business
taking into account concurrent engineering (CE) issues. In
such a move, SGP pursue the goal to involve its supplier
Knorr early in its future engineering process. The paper
describes such effort, associated problems during analysis
and new findings. The study is performed given the fact
the decision to outsource has been made and is out of the
scope of this study. In addition, it assumes that SGP/Knorr
have already defined the product development process/

interface and the strategy. Before describing the case
study, the next section lays out the used research
methodology.

3. Research methodology / data collection

To answer our research question, we have undertaken
an exploratory research, part of an European project. This
was focused on a detailed study of a bogy design that is
manufactured by two European companies: SGP Siemens
transportation (the customer) and Knorr-Bremse (the
supplier). The two companies have different profiles
(table 1).

Table 1. Company profiles

| [ sGp | Knorr |
Employees 30 14
involved in (PD)
| PD organisation || Project || Project |
| Development time || 1,5 —2 years || 1-6 months |
| Complexity || High || High |
| Variants || Many | Many |
| Series || 100-300 || 5-100 |
Reuse of || High Medium
information
| Computer skill || Medium | Medium |
| End customer || Siemens TS || Transportation ]

SGP, located in Graz (Austria), is a world's leading
manufacturer of rail bogies. The company belongs to
Siemens AG. It has 600 staff and employs 170 people in
the engineering activities, where more than 2000 bogies
are manufactured yearly. The bogie design and production
centre is the largest manufacturer of bogies for passenger
in the world. SGP produces bogies for electric mainline
traffic and shunting locomotives, and trailer bogies for
high-speed applications, such as for German high-speed
trains ICE 2 and ICE 3. Also SGP manufactures bogies for
mass transit, light rail applications, and for all metro and
suburban. Examples are bogies for Taipei Metro and
Bangkok and MTRC Hong Kong. Examples of light rail
bogies are delivered for Frankfurt (Germany), St. Etienne
(France), St. Louis (USA), and airport link in Malaysia.
The supplier Knorr-Bremse is a leading European brake
company system. It main business includes design and
manufacture of brake, pneumatic- and onboard-systems
for railway vehicles. Knorr, based in Germany, has several
sites. One of them is located in Austria. Knorr-Bremse
understands itself as a system vendor not only as a supplier
of components. According to Knorr’ high management, it
is very important to establish and maintain close co-
operation with manufacturers like SGP to improve the
knowledge of railway vehicles and consequently the
quality and function of its products, especially SGP as the
centre of competence for bogies within Siemens Traffic
Systems. It is believed that the close co-operation will be
beneficial for both SGP and Knorr-Bremse.
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Both SGP and Knorr are from the so-called
engineering-to-order environment. In this setting, they co-
operate to design a complex product. Processes generated
are characterised by high uncertainty, frequent changes
and disturbances, many iterations due to design interactive
nature, and multiple levels of data maturity®. Engineer-to-
order [19] has a considerable amount of design input. Each
product is new and carries the implication of a large
number of engineering changes (ECs).

3.1. Procedure of data collection

Data collection is longitudinal and made by one
member of the project staying on site for 12 months on a
full basis. The first 6 months were critic because the major
findings of this research were discovered. Research
activities included: analysing engineering business process
of SGP (including information about milestones, design
life cycle, supplier involvement, standard product
structure); studying existing documents; interviewing and
observing how engineers are performing their engineering
activities with regard to the research objectives. SGP's
engineering processes for conceptual and embodiment
design phase have been analysed by means of the business
process modelling tool ARIS Toolset™ of IDS Prof. Scheer
GmbH.

Interviews and meetings were first internal to SGP.
They were held with 13 engineers from SGP, including the
head of Product Management of bogie division. Engineers
have different background ranging from CAD engineers,
CAE engineers and design project managers. All of them
are very close to the daily technical work. This on-site has
enabled first hand observations of and participation in
department meetings and discussions. Interviews and
meetings were then extended to involve 5 engineers
including the head of purchase department from Knorr.
Finally collected data were analysed and new ideas were
tested and refined in collaboration with other member of
the project including 3 engineers from another supplier of
SGP, 3 vengineers from an information and
communications technologies company (including the
director, a head of unit and a senior consultant), 4
engineers from a leading European vendors of PDM
solutions (including a project manager and 3 software
developers), and the help of three researchers from two
European universities.

About 20 meetings and several semi-structured
interviews were held to collect data and to discuss the
outcomes. All the meetings lasted from 4 to 8 hours.
Among these workshops and meetings, two were critics.

3.2. Description of raw data

As stated above, SGP and Knorr cooperate to design
passenger railcar bogies. Since the company with the
responsibility for the entire system bogie is also
responsible for the planning and control of the engineering
processes related to the system it was decided to

? We use the term maturity to denote the degree of consensus over and
stability of data. A mature value is unlikely to be changed or deleted, and
will have the required tightness or tolerances.

concentrate during the engineering process analysis on
SGP's engineering activities and to identify within these
processes those activities which require the involvement of
Knorr supplier. In the future engineering process definition
of SGP, the functions and organisational units of the
suppliers to be involved is assigned as "external functions
to be carried out" and "external units to be involved"
directly to the particular engineering activities and events
of SGP. Thus, the SGP engineering becomes a CE process
backbone, which directly triggers and controls the
involvement of the corresponding suppliers (see figure 3).

Supplier
(c.g. Knorr)

<P

< ->‘ Manufacturing, Assembly ... ‘

4—»{ Manufacturing, Assembly ... ‘

Sales, Marketing, Purchase Engincering

4—»{ Engincering
Engincering

parnet
(c.g. IPS)

4P SE relations not considered within the case study

Customer

(e.g. SGP) Sales, Marketing, Purchase

44— SE relations considered within the case study

Figure 3. Concurrent engineering environment for
the research

The case study is focused on the analysis of a bogie
design. Figure 4 shows the bill of material of such product.
Designing a bogie is a very complex process that passes
through several phases: sales & marketing, conceptual
design, system embodiment design, component design and
detail design. Only three components (running gear, drive
unit, and brake system) have been selected for this case
study. SGP manufactures the running gear and the traction
drive unit, whilst the bogie components of the brake
system are designed by Knorr supplier at three different
sites. The bogie engineering process requires a maximum
of customer/supplier-interaction. A one hundred engineers
from Siemens SGP and Knorr-Bremse co-operate to
design and develop a new bogie.

4
Motor
gearbox

Friction

Gear unit
3 brake

‘ PrimaryJ Motor
| ion| unit

Magnetic
rack brake|

‘ Wheelset

Figure 4. BoM of a Bogie (at level 2)

4. Motivations and difficulties of the case
study

4.1. The challenge for ESI and co-operation
between SGP/Knorr

In recent year, cost-reduction efforts at SGP have
increasingly let to discussion on what should be done in
order to achieve product development efficiency and
effectiveness. Particular emphasis was therefore placed
consistently on the following:
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1- the integration and the selection of the best supplier
with latest machinery; as consequence an extensive
supplier assessment and qualification system has been
set up especially for this purpose;

2- the establishment of a tightened customer/supplier-
relationship ~ with more efficient ways of
communication and product data interchange;
however the technical co-operation in and between
different SGP engineering department and suppliers is
not sufficiently supported as far as communication and
information sharing;

3- the move from project based to product based.

SGP has acquired a lot of experience and knowledge
over the past dedicates concerning project bogie design.
Therefore, it is currently migrating from project business
(i.e. one-of-a-kind bogie engineering and manufacturing)
to product business (i.e. customer-independent bogie
platform engineering with afterwards order-dependent
product adaptation and manufacturing). Such a move is
accompanied by the wish of SGP’ high management to
include its suppliers early in its future product business
taking into account CE issues. A head of one department
at SGP quoted “successful concurrent engineering (CE)
does not necessarily result in shortened engineering
throughput times, but in a reduced time-to-customer,
reduced product costs and improved product quality.
Shortened engineering throughput times may be achieved
through migration from project to product business by
early involving suppliers”. In a project-based business, the
company designed and manufactured rail-car bogies to
customer order using a one-of-a-kind approach. Basing the
business upon products (instead of project), the company
will engineer customer-independent platforms, which will
be adapted and manufactured by order. By moving toward
a product view of meeting customer demand, SGP is trying
to move toward a more economical model. The cost
disadvantages when compared to mass production stem
from: a) development costs, b) learning curve, and c)
logistics costs. If there is only one of any product, its
entire R&D expenditure needs to be factored into the
price. When building a bridge, hydroelectric dam, or large
structure, the total design costs are assigned to the single
product. In a product environment, the required number of
units to justify the R&D costs varies widely. Airplane
manufacture can be profitable with a series run of about
100 units. Automobile manufacturers require many
thousand units to cover the R&D expenses. The cost of
manufacturing a given product decreases over time. This is
referred to as the learning curve. In the manufacture of a
complex product, the 10™ unit can cost 30% less to
produce than the first. When a project delivers only a
single item or a small group, this potential for learning is
limited. A project view to meeting customer demand can
limit the opportunities for reductions in the logistics costs.
These can stem from lack of co-ordination in ordering
inputs, production inefficiencies, and post manufacturing
costs. Taking into consideration the move from project
based to product based, it was therefore decided not to
capture the current practice in the one-of-a-kind bogie

engineering, but to draw up right from the beginning an
engineering process representation, which can be used as a
guideline for the re-organisation of the engineering
domain with respect to CE issues. The decision to model
right from the beginning the target-processes for SGP's
future engineering in product business turned out to be
very painful (see section 4.2.).

Another driver that encourage SGP and Knorr to early
cooperate is related to barriers of provision of information
to both sides. From the Knorr’ view, early collaboration
will reduce the interface problem. For instance the
communication between SGP and Knorr will be improved
and technical contacts will be established during early
stages of new product development, which ensures less
errors, better quality, less development time and
consequently less overall costs and EC-cost.
Understanding such early involvement and collaboration
will give a deep insight in the engineering processes of
SGP and will consequently lead to a better understanding
of the requirements of SGP as a customer of Knorr. Today
interaction between SGP and Knorr is serial and paper
based, according to face-to-face communication (figure 5).
This has many disadvantages (problem of data
management, coordination of changes and
communication) from the SGP’s managers’ view. Using
documents lead to problem of data management (data
inconsistency, data isolation and data redundancy)
especially when there are lot of engineering changes.
Paper based co-operation between SGP-Knorr is a task
consuming when product data (geometric models, process
models and workflow) and documentation notification
must be exchanged frequently between several involved
people from different companies (problem of change
coordination). When fixing (releasing) requirements of a
new product, key managers, other than the technical ones,
from SGP and Knorr meet in a one location. This is
usually conducted in a location other than the place where
the people involved normally work. This process is too
expensive including time of involved people. Other
expenses include the costs associated with flying people to
a remote site and putting them up in hotels and feeding
them for several days. Once those managers return to their
companies, it happens that the agreed requirements
changes for several reasons: technical specialists feel they
are out of feasibility or need tightness or final end-users
change their requirements (problem of communication).
Therefore, new meetings are required in order to evaluate
the impact of changes accordingly additional costs are
generated. For these reasons, engineers from both sides are
willing to be more involved in a remote process that could
be Internet based (figure 5) in order to overcome the
previous mentioned problem (data management,
coordination and communication).

0-7695-1874-5/03 $17.00 (C) 2003 IEEE



Proceedings of the 36th Hawaii International Conference on System Sciences - 2003

Knorr Engincer

Munich
Knorr Engineer

-

Fax, telephone
mectngs, etc.

SGP Engincer
— %
2|_~ )

=Y

SGP Manufacturer Maédling

‘l |
==
Budapest N

Knorr Supplier Today situation
Knorr Engineer,

=)
Maédling
Future situation
Knorr Engineer Knorr Engineer Knorr Engineer SGP Engineer
2" Ay Ay 2

Munich Budapest Médling Madling

TCP/IP
@ = E|~2:‘

Figure S. Current situation vs desired situation
that drive the case study

The head of one department at Knorr summarised
Knorr's goals regarding the future engineering co-
operation with SGP within a CE framework by quoting “/n
order to avoid sub-optimal solutions, and to avoid the
frequent engineering change (ECs), future cooperation
should not only be performed at component level
(designed by each supplier), but at the entire product level
with involvement of the supplying companies. At the time
of order release the data for components with a long fore-
run are not yet complete, and the cooperation could be
done earlier based on bids”. The involvement of suppliers
(e.g. Knorr) in product development has therefore become
a key issue in the engineering process of SGP. However
such involvement raises some difficulties.

4.2. Problems encountered during process
analysis

As already pointed out (see section 4.1) it was decided
not to model the state of the art in engineering for SGP's
project business, but to define right from the beginning the
target processes for engineering in the future product
business. The consequence of this decision, part of the
whole project research, turned into a business process re-
engineering activity with all generated difficulties.

e Parallel to the performance of the process specification
and requirements definition, the future strategy as
well as the organisational structure was discussed by
SGP's managing board. A stable organisational
structure which could have been used as a baseline for
the process analysis was consequently not available.
Both  organisational  structure and  process
representation were therefore subject to possible
changes.

e Even though the overall vision regarding the future
process is clear, the detailed common view on the
particular sub-processes still has to be generated.

e The generation of this common view requires the
participation of many persons, especially if the
processes to be defined are supposed to support CE
with the involvement of various internal and external
actors to SGP and Knorr.

e When interviewing people it turned out to be
problematic to make their implicit knowledge explicit,

i.e. although the people knew what activities they
have or will have to perform, and in what order, they
find it very difficult to describe those activities in such
terms so that they can be documented in graphical
form.

5. Results of the case study

Through the analysis of SGP engineering processes and
possible Knorr involvement, the following results were
discovered.

5.1. The engineering processes become
unstructured at a very low of details

The initial approach adopted in this research, termed
“modular reference process’ models”, consists in the
specification of all process modules, which cover all
processes of SGP and their interaction with the supplier.
These processes are then stored in a process library.
According to the specific situation, the appropriate process
modules are retrieved from the library and combined to a
complete process, which has to be finally implemented as
workflow. The drawbacks of this strategy consist in (a) the
necessity to pre-model any possible process module that
may be required, (b) the difficulty to find and retrieve the
most convenient process modules from the library
according to the specific situation, and (c) the fact that the
interfaces between the process modules have to fulfil the
needs of any kind of possible combination. Engineering
sub processes vary significantly.

To test the applicability of the “modular reference
models”, SGP's engineering processes for conceptual and
embodiment design phases have been analysed by means
of the business process-modelling tool ARIS Toolset.
Through function decomposition of ARIS Toolset, a
process hierarchy can be obtained which allows
illustrating very complex processes in a modular and
therefore more comprehensible way.

For the analysed design phases, current practice shows
almost no supplier involvement at all. In addition, it has
found that the entire amount of process modules cannot be
predefined. Furthermore, the number of sub processes to
be executed during a large engineering project (such as a
bogiec development) would require extensive human
interaction related to the composition of the overall
process based on the process modules.

During the analysis, it has found out that engineering
processes can be considered structured and stable, i. e.
timely invariant, at a very abstract level only. Such
processes include the global process of bogie design,
platform development, engineering, design system,
determination of system parameter, etc. However, it was
impossible to represent the engineering processes at an
adequate level of detail. The more detailed the analysis
gets the more unstructured the processes become.

> Workflow Management Coalition (WfMC) defines a process as a
formalised view of a business process, represented as a co-ordinated
(parallel and/or serial) set of process activities that are connected in order
to achieve a common goal.
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Figure 6, which is part of the structured overview of the
defined process model of a bogie design, illustrates the
detailing problem. This figure is obtained after
decomposing the Global process, the Platform
development, the Engineering, the design system and
determination of system parameters. The maximum level
of detailing that can be achieved by means of structured
engineering process representation of a bogie design is
limited. The functions shown in a horizontal line, such as
“optimise frame (components) according to internal
requirement” are unstructured processes. They are highly
interactive, i.e. frequent communication between the
functions is required in order to achieve an optimal
engineering result. This optimisation® process with
involvement of suppliers consists of ad-hoc processes,
which are performed according to the specific
circumstances in a given engineering situation. These ad-
hoc processes cannot be predefined in the form of
reference processes. Therefore, the particular actions
performed as part of the optimisation process are added in
textual form to the engineering processes shown in
figure 6.

! L l |

Optimise frame
and consoles Elaborate Perform
according assembly system

to internal sketch FMEA

Optimise Optimise running
components behaviour
According to internal according to
Requirement (IR)

Optimise parameter
(e.g. acoustic)
according to IR

And

System requiremeis
fulfilled and
components

requirement specified

Figure 6. Maximum level of detailing that can be
achieved by means of structured engineering
process representation

As a consequence of the finding, it was impossible to:
(a) identify for a specific engineering situation when and
how suppliers (such as Knorr) are to be involved in the CE
process of the customer, (b) model stable reference
processes which may cover any possible engineering
situation that include an interface between customer and
suppliers, and could be implemented into a workflow
management system.

Even this research found that formal design process
exists, design process becomes harder to represent when
the design becomes more detailed, which turns to making
the supplier involvement harder to be achieved. This

4 Optimisation evolves many activities such as: check validity of
requirements; define target values for parameters and derive new
start values for iteration; communication and feedback inside
engineering with involvement of external engineering unit and
other internal organisation unit; determine components
requirements; achieve consensus among involved engineering
units with respect to the internal requirement.

finding contract previous research such as of Culley et al.
[3] who found that 65% of the surveyed companies had
official design process models with the potential to aid and
facilitate engineering designers in their decisions on
supplier interactions.

Ad-hoc processes, depending on the specific

circumstances in a given engineering situation, start to
dominate the engineering activities. The characteristics of
technical (i.e. non-administrative) engineering processes
depend very much on "the specific circumstances" in a
given engineering situation. In such a case, the occurring
events, the activities to be performed, their sequence, and
the required participants cannot be pre-defined. The
process is therefore purely ad-hoc and would have to be
specifically designed for each particular engineering
situation. This is not feasible. This result supports the
GIPP group finding [1, 5]. Decision on supplier
involvement is taken in relation with these ad-hoc
processes.
Moreover, as the early collaboration is done according to
vague and rough data supplied by SGP and Knorr, many
design iterations and engineering changes (ECs) are
necessary to reach a design consensus. In order to improve
the paper-based communication, engineers have expressed
the need for a “rapid communication” in order to avoid
delaying the project.

As the engineering process cannot be all represented as
reference process models, a different approach to CE, was
therefore initiated. It will be discussed in the next section.

5.2. Engineers neither think in processes nor in
documents but in parameters and their
relationships

In order to overcome the problem of extensive human
interaction required to compose the overall process from
process modules the document-controlled workflow
approach was considered an alternative approach.
Predefined document types containing "sensitive"
document sections retrieve the appropriate subset of
process definitions, combine them and finally execute
them as workflows. However, this approach requires the
predefinition of not only the entire subset of processes but
also of any document type and completion variant that
may occur. Since the completion of a document depicts an
event triggering a workflow, the entire set of documents
used within the overall context of a business workflow
must be somehow interconnected, i.e. it must be defined
how to get from an event triggering a workflow (the
document completion) to an event resulting from a
workflow (the automatic provision of a new document to
be completed). As far as engineering is concerned the most
essential disadvantage of this approach consists in the use
of documents. In SGP an engineering milestone checklist
based on completed documents had been generated.
Nevertheless it has been during the case study that the
checklist was hardly used because of two main reasons: (a)
the everyday business did not allow the engineers to invest
the time required to complete the documents or, (b) the
engineers were simply not keen on completing the
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documents since the related work was not considered
directly productive, i.e. the document work did not bring
them any further tangible value in their usual engineering
business. In addition, meetings held between people from
SGP and Knorr about bogie design co-operation are time
and cost consuming (see section 4.1), and are subject to
frequent requirement change. A representative of a large
automotive supplier summarised document disadvantages
by quoting "future engineering will no longer have the
time to wait for documents".

Based on the engineers’ experience and taking into
account previous disadvantages, engineers report they
were less concerned about processes and documents. In a
design setting, neither a document nor process view
captures the essence of the customer-supplier
collaboration. Engineers see their work as making
engineering decisions during "specific circumstances in a
given engineering situation", not as creating documents or
as following processes. An internal SGP workshop
revealed that the mentioned "specific circumstances in a
given engineering situation" are defined by product
parameters, especially they quoted the killer parameters.
Parameter captures well the way engineers work and think,
and dominates most discussions and organised workshops.
Depending on the type and the value of a specific
parameter the engineers have to communicate with other
company-internal and -external engineers as well as with
experts from other disciplines such as operations planning
or purchase. The term killer parameters had been
mentioned various times during organised workshops
within SGP. Parameters represent elementary engineering
variables during engineering activities in the engineer-to-
order environment. They represent the specific
circumstances in a given engineering situation. Killer
parameters are critical components attribute values, which
must be kept within a certain value range or below a
certain maximum value because otherwise extensive
reworking of the entire bogie system design would be
required. These parameters have an extensive impact on
both self-manufactured and supplied components and
should be managed carefully by the customer and supplier.
Therefore, the management of killer parameters requires
intensive communication with the suppliers in order to
achieve a consensus regarding the components geometric
and functional properties.

Bogie development process is dominated by iteration
procedures, which start at the beginning of the System
Embodiment Design phase and stop at the end of the
Component Design phase. Although some parameter
values may be predefined by a requirements list, start
values have to be estimated for most of the parameters at
the beginning of the engineering process. While the
engineering activities proceed, the parameters are subject
to numerous iterations. The corresponding parameter
values estimated at the beginning become more and more
precise and stable.

This new approach considers complex product
development as a form of parameter processing. The

engineering process is approached as a network of
activities that uses and produces parameters (figure 7).

Role Role

Input:
Parameter

» Parameter 1
—|—> Parameter 2

4

» Output:
parameter

Mechanism of Control

Figure 7. Modelling engineering activities from a
parameter perspective

An activity can start when all required input parameters
are available and ends when the target parameters are
stable. The control mechanism to upgrading parameters is
outside the scope of this case study and will be made in a
separate paper.

Parameters often share complex relationships. These
relationships might be represented by mathematical
equations such as

max_axle diameter = f  (max axle load,
bear distance, track gauge, axle material);
wheel motor distance = f

(gear transmission ratio, wheel diameter worn,
max_axle diameter, clearance to rail, gear steps).
Parameters represent the smallest elements for basic co-
operation between the customer and its suppliers. The
collaboration is therefore more easily based on parameters
and their relationships since the engineers (from SGP and
Knorr) subscribe to product interface parameters. In case
of a parameter value change, subscribed engineers (either
at the customer or supplier sides) will be automatically
informed in case of ECs. Not all parameters are required
for the customer-supplier co-operation. Only a subset is
required to satisfy such co-operation. For example,
designing a bogy for passenger rail car requires 300 killer
parameters as quoted by SGP’ engineers. These
parameters will be the subject of collective estimation and
validation by the engineering from customer-suppliers
relationship.

During the case study a list of engineering parameters
and their relationship, relevant to bogie life cycle has been
developed.

Using the parameter approach as a mean of
collaboration across company border has led to the
establishment of links (matrix) between parameters and
parameters, parameters and final end-users requirements,
parameters and components, parameters and people,
documents and components (see figure 8).
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Parameters (P)
*

People (PE)

End-users

Requirement (CR) Parameters (P)
%

Parameters (P)
* *

Parameters (P) Components (C)

Parameters (P)

Components (C)
%

Documents (D)

Figure 8. Dependencies between parameter/
components/ documents and people

Table 2 shows an example of parameters linked to product
structure items or components (the table is not meant to
show all parameters). Due to my confidentiality agreement
with the two companies, the names of component types in
the sample are limited.

Table 2. Dependencies between parameters and
product structure items related to a bogie.

Dependencies between component /
parameters

iameter wor

H:I |:H track gauge

all [l
[
ID\_“E}_IDD

h

‘Brake equipment
D| 1.1 |[Friction brake

||:“:H max-axle-load
||:“:H bear dist

1
||:|E| clearance-to-rail

1.1.1 |{Wheel disc brake
complete
D| || ||1.1.1.1 ||brakespliers

all|l|

1.1.1.2  ||Spring-brake
cylinder |
L] |[1.1.1.3 ||Hose line []

OO
O]
I

D| 1.2 |[Magnetic rail brake

5.3. [Engineers use the concept of hardness grade
to measure design stability

During product design, engineering data exist in
multiple levels of maturity, within different departments in
the customer-supplier relationship. In order to ensure
engineering data validity all the time, it has been
discovered that engineers of SGP use the concept of
hardness grade, noted HG. It is originated from McKinsey
and is related to cost reduction measures. McKinsey uses 5
HG. Engineers of SGP have later on adopted the
terminology in order to show how secure and stable the
value of a specific parameter during the design process. It
also indicates where suppliers intervene during the bogie
design. The McKinsey's hardness grade was frequently
used by SGP engineers without any adaptation. During

this research a HG definition was made and agreed inside
SGP. Per opposite to the 5 HG of McKinsey, five HGs of
parameter specification have been adopted during design
process. The evolution of a parameter value through
hardness grades controls the design process.

The 5 HGs are linked to the bogie life cycle and
milestones (figure 9). For example, during HG 1 the
parameter value has been estimated and depicts a start
value for iteration. During HG 3 parameter values are
specified based on more precise calculations in co-
operation with other engineering groups of SGP;
parameter values are checked and preliminarily approved
by Knorr supplier; parameter values are checked and
preliminarily approved by internal organisational units to
SGP other than engineering; and finally parameter values
are checked and released by the responsible project
manager of SGP.

Parameters 20-30; : 300 : 3000 : 30000
i i H H >
HG S
D
HG3+HG4
e
HG1+HG2
< R
Sales/ Conceptual System Embodiment Component Detail
Marketing Design Design Design Design
Market/Customer Conceptual System Design
Requirement Design Design Freeze
Specified Review Review

Figure 9. Design stages, milestones, parameters and
hardness grades

Parameter values may be explicitly or implicitly
predefined by external (final end-users) or internal
requirements (by engineers). If parameter is predefined by
external end-users then it is set to "hardness grade = 5".
Otherwise, the parameter has to pass all hardness grade
transitions from 1 to 5.

Whereas the hardness grade of a parameter already
depicts one form of parameter state, the parameter has to
pass various statuses within a particular hardness grade
level prior to its upgrading. During bogie design,
collaborative process of assigning values to parameters
moves a parameter through several statuses within each
phase of the product life cycle. Parameter values must be
estimated, approved, and released. This forms the
parameter life cycle.

Hardness Grade

Supplier A

Supplier B

t

Par value

Parameter status

Customer

Figure 10. Three dimensions of a parameter

0-7695-1874-5/03 $17.00 (C) 2003 IEEE



Proceedings of the 36th Hawaii International Conference on System Sciences - 2003

The above sections described new finding to co-
ordinating engineering design activities and placed this
within a framework of participants, parameters, and
procedures. Before using this parameter approach, several
steps need to be performed.

1. Identify the product interface collaboration between
customer/supplier to meet the specific end-user
demand.

2. Ensure engineering transparency through assignment
of parameters without input/output interdependence
relationships, to product life cycle (i.e. to each phase
of design: system embodiment design, component
design, etc.).

3. Obtain external end-users’ specifications through
interviews and marketing research.

4. Transform external requirements into internal
functional requirements, and identify predefined
parameters.

5. Link parameters to all components; parameters will
now identify where suppliers and the main contractor
collaborate.

6. Conclusion & perspectives

This paper, has described an exploratory research about
CE during ESI and its consequences to design complex
product in a collaborative mode. The case study has found
unexpected difficulties to manage CE during early product
specification stage. In addition, findings have shown
engineers think in term of parameters and their
relationships, instead of documents. Parameters represent
the smallest elements where Knorr (the supplier) is
integrated in the SGP (the customer) engineering
processes. From the case study it appears the quality of the
component design jointly developed by customer and the
supplier depends very much on the specific circumstances
in a given situation, which are well represented by
parameters. Parameters represent the essence of the
collaboration in the customer-supplier relationship.. This is
different from the GIPP approach [11] that is based on
establishing links between the BoM and the associated
components. This finding constitutes a new approach to
manage concurrent engineering and engineering processes
across company borders. Furthermore, this paper proposes
clear concepts that represent a new approach for workflow
management and engineering change management across
company based on parameters.

The parameter approach is being adopted by the SGP
and Knorr to improve collaboration and communication
early in the product development stages. From the case
study, it turns up that both SGP and Knorr have agreed
using parameters to increase the engineering transparency,
as well as to reorganise their engineering processes. This
approach would make engineers aware of the necessity to
communicate and would therefore contribute to the
engineering transparency and co-operation. The parameter
approach in connection with the hardness grade definition
is considered a very useful approach to better quality
assurance in engineering. This approach could in fact
provide significant support during the assessment of

engineering change (ECs) effects and would furthermore
allow the documentation of the engineering process. The
direct access to product data across company borders is
vital regardless of the actual type of project management
organisation.

Beyond these benefits, this research suffers from
limitations. First, according to six design methods [16],
this approach best fits parametric design and permits
configuration design. Second the approach described here
is only applicable to product families (not one of a kind)
where former product specifications can extensively be
reused for new designs. Third, this approach is based only
on two companies: SGP and Knorr. However, because
companies are facing the same challenges, the findings of
this paper are not SGP and Knorr concerned.

Results of this research have several implications for
both researches and practitioners. From a research
perceptive capturing parameter relationship is close to
knowledge management. For example, one participant
reacted to parameter approach by comparing the parameter
relationship as knowledge capture used in other research
areas and suggested to initiate further investigation to
capture parameters and their relationship. Results also
imply that outsourcing does not work effectively without
extensive internal effort to SGP. To gain competitive
advantage from ESI, managers should “ask not what your
supplier can do for you; ask what you can do with your
suppliers” as Takeishi [14] suggests. Consequently
internal reorganisation must be initiated to comply to fully
adopt such an approach.

As the product design addressed within this research
spans the company borders, there is a need to further
investigate the implementation of such approach in a new
generation of software. However, this requires solving two
specific issues in order to create trust between partners: the
workflow inter-company, and the security of exchanging
data across company. Indeed existing system such as PDM
systems offer little flexibility to support engineering
activities when the design spans the company borders.
This research encourages development of new generation
of PDM (called Collaborative Product Data Management
cPDM) systems oriented to support the parameter-based
approach and workflow across company borders.
Furthermore, this research encourages future research to
address the security aspects of data exchanged in the
customer-supplier relationship. The move from a linear
design to concurrent engineering design activities may
trigger more radical changes in the design of information
system that span company borders. Inter collaboration
between companies (customer/supplier) is successful only
if involved parties sense and feel that the value they
provide is compensated with equal value received. Since
the parameter based approach exists, how to access data of
suppliers and customers? How could a company
outperform competitors who also have cooperative
relationships with their partners?
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