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INTRODUCTION.

Objective and scope. An issue on the improvement of product and process development processes
15 an optimal information supply. Therero a doctoral research project - started in 1992 - aims to
determine and chart which information, created and/or used by the industrial design engineering
discipline, should be available and where and when and how. Based on these findings the product
development process can be improved by adjusting it to the information requirements. This project
1s being carried out in co-operation with industrial partners that functions as a sounding board.

Some preliminary results of the research project leading up to the dissertation planned at the end of
1996 will be presented. These preliminary results include examples of engineering and product
information and the related development process, as well as the way these examples are structured
(metamodel) and also a tool in which the metamodel is incorporated.

Approach. Information on product
and process development projects
at three automotive supplier
companies was analyzed. The
analyses resulted in three
company-specific models, see
figure 1. Based on these analyses
a more generic example model
was created, derived from the
situation at the three companies.

Company-specitlc models Company-specitlc models
IMPROQVED

Because it was not known whether _
the resuits would have some o
measure of generality, it was

decided to start with a selection of

companies that produced a similar

product and had a similar process

development process. The selected companies were automotive suppliers that engineer and produce
products - including mechanical and electrical components - to order.

Figure 1. Research cycle.



METAMODEL

One of the problems in this research was the lack of an appropriate model to store and represent
the relevant aspects of the company-specific and the more generic models. To this end we have
developed a metamodel. The metamodel should include the development process and the
information structure, the users and producers of information, the time consumed in the
development process, the systems used and, what is more, also the relationships between all these
aspects. Furthermore the metamodel has to be simple and explainable, in order to achieve overview
and insight.

In Roozenburg et al. {9] the relationship between method and organisation is explained. The
structutre in the metamodel is derived from this explanation. The building blocks of the metamodel
are (see figure 2):

1) Subject: the acting systems, e.g. a man or a department;

2) Activity: the processes;

3) Information: the system treated: the information used or created in the activities.
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Figure 2. Metamodel for the development process:
Three objects to store & eight diagrams to represent.

The building blocks are regarded as database objects and are modelled in an object-oriented way in
which attributes and relationships between the blocks (database objects) are defined. With these
objects and relationships, a three-dimensional model of the development process is created in which
each block is regarded as a dimension. This three-dimensional model is a complex model that does
not give sufficient overview of the development process and related information. This is why
graphical diagrams are used. Three diagrams are to depict for the relationships within the objects
{one-dimensional):

- Organization structure (relationships within the Subject object);

- Activities structure (relationships within the Activity object);

- Information structure (relationships within the Information object).

Three others represent the relationships between the objects (two-dimensional):

< IDEF-0-like diagram (relationships between Activity and Information);

- Create/Use/Own matrix (relationships between Information and Subject);

- Allocation of tasks matrix (relationships between Activity and Subject).

To compiete the charting of a development process, two additional diagrams are required (see

figure 2). The first six diagrams mentioned can be generated automatically from the contents of the
three objects.



The metamodel is discussed more extensively in [13] en [15]. In this notition only the information
object is described shortly as an exampie.
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Figure 3. The levels of the Information object.

The Information object is subdivided into four levels (figure 3): Group of Information Carriers;
Information Carrier; Group of Information Elements and Information Element. An Information
Carrier is considered a useful collection of "Groups of Information Elements". For example, in the
information carrier "Packing instruction document” (I-39 in the example model) there are three
"Groups of Information Elements", namely:

[-39.1 A list of packing materials;

I-39.2  The packing instructions themselves;

I-39.3 A heading, which serves as an identification of the document.

A "Group of Information Elements” consists of several "Information Elements". For example the
Group Heading (I-39.3) consists of the following "Information Elements":

[-39.3.1 Product identification code;

[-39.3.2 Name of product;

[-39.3.3 Number of products per box;

[-39.3.4 Number of boxes per pallet;

[-39.3.5 Stock number;

[-39.3.6 Name of person who wrote the packing instructions;

[-33.3.7 Approval signature and

I-39.3.8 Release date.

To characterize the information, the attribute "type” is used in the information object. With this
attribute the following types of information can be distinguished, each of which has to be managed
differently (see also figure 4):

Type il is the design rationale: the arguments and reasons for taking design decisions.

Type i2 is the information that describes or defines the product and process design (the design
dossier).

Type i3 is library information in which knowledge of experts is included. This is the information
that can be found in catalogues or databases or acquired from experts.

Type i4 is information which is relevant to the project manager and includes information about
costs, time consumed and milestones reached in the running project.
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project instead of the product and process design it is type i4; if it have to be accessible only to the
engineering department, it is type il; type i2 is specific to the running project, and not only of
interest to the engineering department but also to other departments, and it concerns the product
and process design and not the project management. These criteria make clear that the different
types of information have to be managed differently.

The relationships within and between the objects, the diagrams and the tool. The retfationships
within and between the objects are represented by the identification codes and by the attributes at
the different levels of the objects. That is why six diagrams can be generated automatically from
the data included within the three objects. Therefore, a software tool has been developed to ease
and accelerate the use of the metamodel and its objects and models.
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Figure 5. Graphical database presentation tool.
The main function of the tool is to clearly present the contents of the objects in a database. For that
reason it is called a "Graphical database presentation tool (GDPT)". The tool was developed using
NextStep and the prototype has been in use since July 1995. The tool consists of a metamodel
editor, a database editor, a query tool and a diagrams generator.



CREATE A COMPANY SPECIFIC MODEL USING THE METAMODEL

The people within a given company appeared to have different views on the various aspects of

product and process development. This is why it is hard to determine a consistent representation of

the company’s development process and its related information. Because it is an explainable model
of a company that is required, the model has to be consistent. For this reason the model is created
iteratively as below:

- make a list of the information carriers;

- describe the product and process development process;

- following the metamodel, structure the product and process development process:

- identify the required and delivered information for each activity;

- check if all information carriers mentioned in the activities are included in the information
carriers list; '

- check if all information carriers are created in the activities or that it is correct that those are
created outside the area of interest. If not, than add activities.

- do the same for the use of information carriers.

- determine the subjects in the company (departments and so on);

- determine who is responsible for the activities and who carries them out.

- identify the people and departments that use, own and create the information carriers on the list;

- check if all departments and people mentioned in the activities or on the information carriers are
on the subjects list. If not, fill up this list.

- cross-check the two two-dimensional relationships in which the subjects are involved: check if
the subjects mentioned as users of an information carrier are also mentioned together in one
activity or that it is correct that this is not so. If not fill up the relationships. The other way
round: check if the subjects mentioned in the activities also are mentioned in the relationships of
the related information carriers of that activity or that it is correct that they are not. Otherwise,
fill up the relationships.

Usually, after these checks and the appropriate action the model is consistent.

Two approaches. There are two options to describe the product and process development process
by using the metamodel here presented, that have been tested out in a field situation. The first
option describes the process by using minimal activities and information parts. This is done by the
maximum possible grouping. For example, one can include only one type of order form. The order
form is used to order the complete development of a product, but also to order a prototype, or a
tool and so on. The second aims for a logical description, in which, for exampte, several order
forms are identified. such as an order to make an A sample, an order to test a B sample, and so on.
[n the latter approach the information centents is taken more into account. A disadvantage of the
latter approach is the number of documents to be included in the database. To illustrate this
statement: one instance of the metamodel created when using the first approach to describing the
process comprises about 75 Information Carriers; about 250 Groups of Information Elements and
about 1500 Information elements. The second approach resulted in an instance of the metamodel
(database) comprising about 175 Information Carriers; about 500 Groups of Information Elements
and about 3000 Information elements.

EXAMPLE OF THE ACTIVITIES PART AND THE INFORMATION PART
Figure 6 gives an example model of the activities part, figure 7 for the information part.

For a company’s central information management system, the Groups of information elements are
the building blocks of the systems contents. For the complete system, only one standardized
heading is required instead of the various headings found on the information carriers. The specific
parts of the headings are included in the Groups of information elements. The Groups of
information elements will be grouped onto information carriers.

The standardized heading could include: project code, project name, author name, product name,
customer name, customer project code, date, copy addresses and remarks. More specific headings

are, e.g., part number, part name, drawing number, legend, approvals and so on.
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Figure 6. General example model for the activities part.

However, because of the magnitude of the Group of information elements level (about 250 - 500
groups), this article wiil suffice with describing the small (i.e. according to the first approach to

describing the product and process development) preliminary contents of the Information carrier

level. In figure 7, the information carriers are grouped into the four types of information.

The company’s organisation appeared to be the most company specific of the three parts
(information, activities and organisation). But it was good to discover that the generality of the
activities and information parts did not suffer much from the company specificity: the activities and
the information are pretty stabie for this type of product and process development.
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EVALUATING AND CONCLUDING REMARKS
A more extensive discussion on this subject will be published in [15].

Usefulness of metamodel. The diagrams help the companies to obtain an overview of and insight
into the complete process of product and process development. The diagrams contribute to the
identification of consequences of changes in the working method.

It takes about three months to depict a company this way. After the description of the current
company model, an improved model is created. This step is valuable in preparing a company for
the introduction of Product Data Management (PDM) systems. The concept of PDM systems is
useful after a company has modelled (improved, organised) the information items and activities
within the development process. This first step is often neglected and this has a poor effect on the
PDM system (the automation of a poor process).

The tool. The tool that has been developed has proved that the diagrams can be generated
automatically. Even when the metamodel is edited (the metamodel is somewhat flexible in order for
it to be appropriate for different companies). The actual version of the tool does not take over all
changes in the metamodel for the generation of the diagrams. This will be, however, feasible in a
next version.

Information management. Four types of information are distinguished. These types have to be
managed differently: project-specific or not, accessible to the whole company or not.

It appeared to be not feasible to fully complete a model for a company. For instance there will
always be some users of information elements that are not described in the model. In addition
companies tend to frequently reorganise. This is why it seems more effective to enhance the
availability of product information than to adjust the working methods and organisation to the
information needs. For this, a PDM system could be a nseful tool. This does not imply that a
company should no longer be aware of the information operations. Because this knowledge is
valuable for good clustering of information, and to prevent more information from being generated
and circulated than is required for a good product and process development project.



Others. The activities part and the information part of the metamodel are fairly stable for the type
of company covered in this research. The organisation part is very changeable.

The metamodel is a generic frame to realise company-specific improvements of product and
process development. In the end, companies themselves are the only ones that are able to improve
their own product and process development. The value of this research is to offer enabling tools.
These tools are: the -somewhat flexible- metamodel. the software tool DPT, example models and
guidelines on how 1o apply these tools. A generic model is not required. Two -to some extent-
general example models are sufficient to illustrate differences and similarities between companies
and will help companies to reconsider their own development process.
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Some explanation about the contents of the information carriers mentioned:
Price-request: Information request of Engineering to Purchase about prices of components. toolings, ctc.
Information about competitive products (project specific): This information includes all information about
competitive products that is available and relevant for a specific project.
Test report: The results of testings.
Capability study: The Capability Study is the Measuring state of products from the O-series. supplied by data
about the process used.
Target list: list of the target price per part and the target price per tool.
Customer requirements; Customer requirements are the project-specific requirements for the product ta be
developed. Customer specifications are the general specifications which are valid for all products of the
customer. Requirements include references to the specifications.
Test manual: The Test manual comprises descriptions of the tests o be performed. It includes a description of
the measuring equipment (name, range, resolution, accuracies} and a description of the state of the tests (during
which phase in the development process, at which model). Per test there is a heading (test number, customer
reference o specifications, issue, date) and a description of the test with the required cquipment and the relared
requiremnents and/or specifications.
Forwarding advice: Describes the packing of a prototype: packing {box, case, tube), quantity. type, dimensions,
weight, contents.
General Technical Data about the designs: This report includes the remaining data, required to produce the
designed product. For example: information about the glue to be used.
Production process design: The document "Production process design” is created during the development of she
process. [n the beginning it only includes remarks about processes. quality plan, customer data. tools and so on
{Status i: Concept production process). Further in the development phase (Status 2: Actuai Toolings State), it
includes article descriptions (article code number, article name, drawing number, location. date); parts
descriptions with the tooling description, material description, position, material code, quantity and unit; woling
(number of tooling, description, cost centre, instruction, price, depaniment, standard time initialisation. standard
time tooling); remarks about packings; status drawing/product and quality instructions.

Status 1: Concept production process;

Status 2: Actual Toolings State.
Quality plan: The Quality plan lists all toolings which have to be checked and ali checkpoints which have to be
measured during production. It includes measuring equipment and frequency of the measurements. The Quality
plan is an overall plan including specifications.
Inspection-instruction sheet: is the definition of the inspection tool.
Work instructions: The work instructions describe the step by step activities for the operators of the machines
and the points of atiention for the operators.
Design Change Form: For each design change, a "Design change form” is filled in, but the product design
drawing is not adjusted for each design change. The design change torm inciudes: cause for change; description
of change and consequences for prices and approvals for change (date change on product drawing, reference to
change number, sighature).
Drawing Change form: At some changes of the design, the drawing is adjusted. The "Drawing Change form" is
meant to store which design changes are processed in the new drawing.
Marketing Report: made after a visit or an exchange or a research. These reports are not made specifically for a
certain project.
Competitive products comparison report: Comparison conclusions regarding the constructions and the
specifications of competitive products and results of tests with these products.
Information about competitive products (general, not project-specific): Pictures, brochures. etcetera and a
discussion of the remarkable issues (remarkable in qualities or in specifications of competitive products}
Ceneral company specifications for a product type: This information is used by the sales department for selling



1-30

[-51
1-52
[-53
[-54
[-55
[-56

I-58
1-60
1-62

[-63
1-64

1-66
1-68

[-69

[-71

product types which wiil be customized afterwards.
Customer specification: Customer specifications are the general specifications which are valid for all products of
the customer (compare I-18: Customer requirements). Customer specifications include a list of related documents
and a description of the specifications (scope, objective, drawing requirements, legal and safety requirements,
deveiopment phases, lesting requirements relative to build phase. worst case tolerance, durability test. component
tests, assembly tests, trim and hardware tests, vibration tests. electrical tests, product assurance, vehicle
evaluation tests, reliability, fit and finish specifications).
General Technical documentation: Technical Documentation is divers. [t includes: Literature, articles:
International standards (DIN, 1SO), etcetera.
Suppliers Product information: Catalogues of suppliers and so on.
Process potentialities: This might also be knowledge available at the suppiiers for instance.
Machine data: Information about the machines available.
Tool standards: Descnption of general tool standards and special standards per tool type.
Project plan: Description of the project including conditions (name of customer, activities. relevant customer
specifications); targets (costs of development, product price. investments in tools): key dates drawings {prototype
drawing, product drawing, assembly drawing); key dates deliveries of models (1st & 2nd prototype delivery.
samples, ISR}, members of project leam; approval manager Enginecering (name, date & signature).
Part requirements related to mile stones: Table in which the steps of the process are scheduled.
Prototypes planning: Parts lists for prototypes (part names & numbers, product number) and per part: how, when
and by whom the part will be made and the material of which the pan will be made.
Product design release document: This document lists the check-points (safety requirements, technical
specification, FM.E.A., D.F.A,, calculation, drawings) required for release and comprises the approval
signatures.
Drawing release form: Using a release-memo, departments are informed about releases of drawings.
Take delivery torm: This form is used to state that goods are received. It includes the article description (article
code, quantity, description), the invoice-price and administrative data (cost centre, internal order-number, date of
approval, approval initials, date booked. booked initials, date of receipt, stock location numbers, method used for
measuring, signature for receipt of the goods).
Marketing strategies: Plans about new products to develop, made by the Marketing and Engineering.
Tools survey:

Status 1: Proposed Tools List;

Status 2: Tools Work Order.
The Proposed Tools List is a predecessor of the Tool Work Order. The Tool work order is a form to fasten
down the tools required for production of the product design. It includes data about agreements on wols (cost
price, sale price. order numnber customer, quotation request number, agreements on payment. number of samples
for customer and/or company, delivery time samples, delivery time first production series, total series, yearly
series, product series); particulars regarding: tools, packing, product, remarks: approval of responsible person and
of person who performs the task (initials and date).
Change processing form: Form to initialize the changes approved. Argument for change (of tools}, remarks:
delivery dates {(samples customer/company according to code number (quantity, date), first product series
(quantity, date}; data about product change (date of introduction), data former product (use somewhere else.
convert into scrap, etcetera), data about deliverability of former product (regarding production, regarding
service),
Process release document: This document lists the check-points required for process release, the activities
performed and activities to be performed and comprises the approval signatures.
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Activit Information
y @ supplies o
uses
P ®r
is executed by
is co-ordinated by
is supervised by 3 OBJECTS &
P 6 DIAGRAMS
creates
P uses
Subject ® owns

The objects define, the diagrams only represent.

Vroom, January 1995,

Nep

relationship

Object

semantic relationships activities
between information units along a time axis

2 ADDITIONAL
DIAGRAMS

LEGEND

—_——

onhe or more

LEVELS OF ACTIVITY:

Area of analysis;

Subdivision;

1 Procedure;

Task;

L1 Activity or decision
(no attributes).

. Responsible SUBJECT;
. Executive SUBJECT;

. Required INFORMATION;
. Delivered INFORMATION;

. Responsible SUBJEC

. Executive SUBJECT;

— Co-0 rdnln'étlllné ' S ECT,

Vroom, June 1995.




nm,i k=12, ..

LEVELS OF INFORMATION:

Group of Information carriers;
Information carrier;

] Group of Information elements;
(] Information element.

. User SUBJECT;

. Creator SUBJECT;

. User SUBJECT;
. Owner SUBJECT;

. Creator SUBJECT; , |
. User SUBJECT,

Vroom.

. Hierarchical part of the structure.

Vroom.




Examples: :
I-Group.1 Production folder.
I-Group.2 Technical Product Documentation.

I-Group... -~
n=1, 2, .
: m=1,2, ..
: i=1,2 ..
Examples: k=12, ..

1-1 Development order.
1-2 Project schedule.
' I 3 .

Examples:

-1.1 Order to build prototypes.
1.2 Orderto test prototypes

1 3 : |

' Examples:
I-1.1.1 Supply date (data type date)
I-1.1.2 Available budget -~

(data type amount of'money).'
:__I 1 1 3 fe ‘

Hierarchical part of the structure.

Vroom.

design rationale i1
(grounds of decision)

product- en process-
(design) description

technical documentation
& knowledge available

i3

project management .
information 4

Vroom, June 1994.



LEVELS OF SUBJECT:

- Company (1); =
[ Line & staff department;
L] Subdepartment;

.| Man/machine;

[1 Role (no attributes).

Vroom, June 1995,

13
&
Department:
3 ENGINEERING
& - (Product & process .
§ development)




A-1: Product development.

Three Objects

Activity

Information

|

Subject

Two schemas with
drawing facilities

Vroom, June 1995,

like structures)

)

{3 tree-

)

(IDEF-o-like)



C
Vroom, 1996.
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