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Summary

A structure is created when a design is synthesized. In the so called WDK school,
the design of a machine system follows a pattern of causal related structuring activ-
ities which leads to a functionally determined structure.

Many aspects, especially product life aspects, influence the choice of machine system
structure. The relations between product structure and the structure of a life phase
system or an universal virtue (e.g. cost, time, quality etc.) may be identified as a
DFX principle.

This paper illustrates basic synthesis aspects of structuring, it shows examples of
the influence of product life aspects. The paper leads to the conclusion that a design
may possess several superimposed structural principles to fulfil product life de-

“mands.

1. Structuring as synthesis

The WDK-school has chosen to follow a systems or cybernetic approach to the con-
cept of structure. Structure is a characteristic of a system model. A structure is defi-
ned as the elements of a system identified by their type, and the relations between
these elements.

A finished design or an artefact possesses a structure, created by synthesis. In de-
sign solutions (i.e. carriers of functionality), functionality is based on both struc-
ture and the element solutions.

The WDK school looks upon design of machine systems as a synthesis from four
different viewpoints, namely the machine or design looked upon as

- a system of transformations (Process domain, P6)

- a system of functions (Functions domain, Fu6}
- a system of organs (Organs domain, O6)

- a system of machine parts (Assembly domain, B6)

In the enclosed copies of overheads, domains are explained, the nature of elements
and relations are defined, and the structure class belonging to each domain is illu-
strated.



The domains are causally interrelated, and the design of a machine system may be
seen as solving two causal chains:

- & horizontal causality chain following the process pattern related to the machine
system, and

- a vertical causality chain establishing the effects necessary, from the organ and
assembly structures.

2. Relations in a machine system

It follows from the approach above, that we may "read" more types of relations from
a design or an artefact, depending on our viewpoint: process, function, organ or
assembly.

When the design is finalised, the assembly structure is that which is directly visible

and the carrier of other relation types. (See the overhead illustrations, p.19, 20 and
21.)

3. Structural influences

Experience shows that fitting the product to good performance in all life phases
mainly means to adjust or design the structure of the product in accordance with the
life phase systems’ demands.

An area with wel] established knowledge, namely assembly and design for assembly
as the fitting activity, is chosen. From this area structural rules and principles are
shown. Several principles for single product and product family structuring have
been identified. (See overhead, p. 24)

4, Structural design, conclusion

The expanded product model, the so called chromosome which has been developed

by the Institute for Engineering Design, shows the structure of a design in the four

domains (mentioned in section 1) and the relationships between these domains. The

characteristics of this model may be grouped into two types of models:

- models for the product’s (own) properties, and

- models for relational properties, (e.g. showing how the product’s characteristics
together with a model of the production system may lead to cost statements).

Structuring a machine system has two principally different features:

- finding a correct configuration (i.e. structuring the design for functionality)



- finding a good structure (i.e. optimising more product life aspects (e.g. cost, qua-
lity, recycling) related to the product).

This workshop paper has introduced the multi-system approach of WDK and intro-
duced basic concepts of structure and relations., The following statements are central
to understand the nature of "designing a structure":

"Other structural principles for specific purposes may be added to a functionally
determined structure”.

"Several structural principles may be superimposed on a design’s structure".
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