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Abstract 
 
It has been recognised, that literature actually do not propose a theory of detailed design. In 
this paper a theory contribution is proposed, linking part design to organ design and allowing 
a type of functional reasoning. The proposed theory satisfies our need for explaining the na-
ture of a part structure, for support of synthesis of part structure, i.e. detailed design, and our 
need for digital modelling of part structures. 
 
The aim of this paper is to contribute to a design theory valid for detailed design. The pro-
posal is based upon the theory’s ability to explain the nature of machine parts and assem-
blies, to support the synthesis of parts and to allow the modelling, especially digital modelling 
of a part structure. The contribution is based upon Theory of Technical Systems, Hubka [4] , 
and the Domain Theory, Andreasen [9].  
 
This paper is based on a paper presented at ICED 99, Mortensen [9], but focus on the de-
signers reasoning during part design.  
 
 
1 Introduction 
 
The majority of resources, like time and costs, consumed in industrial product development 
can be related to detailed design, i.e. the materialisation of machine parts (German Maschi-
nenteile). Existing design theories based on a systems approach, e.g. Haberfellner [5] all 
have function, i.e. transformation from input to output or ability to deliver purposeful effects 
as the core concept. The units in a product which posses functions are the organs (German: 
Funktionsträgern). Because individual parts do not posses functions, one could argue that 
the design theories based on a systems approach are not valid for detailed design. As a con-
sequence of missing theory for detailed design, there exists only sparse methods in design 
methodology supporting detailed design.  
 
 
2 Characteristics and properties 
 
In this section a distinction between the attributes defining the design, the attributes describ-
ing the behaviour and the attributes describing the human perception of a design is seeked 
for. As a super class description of the "things" which are designed, the term unit is used in 
this paper. Unit is a recursive term, thus a unit can be complex, e.g. a whole design or sim-
ple, e.g. a subassembly, a machine part or a surface. During designing at least three classes 
of units are synthesised: the design (which after production will be a product or a family of 
products), the life phase systems (production, transport, service, application etc.) and the so-
called meetings, Olesen [7] between the product and the life phase systems. To model these 
three units four classes of design attributes seem relevant. These four classes of attributes 
may be named characteristics, inherent properties, relational properties and qualities.  
 
Characteristics are a class of design attributes, that the designers can determine directly 
during design. Classes of characteristics for a design are: structure, form, dimension, surface 
quality and material, Hubka [4]. Inherent properties are a class of design attributes which de-
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scribes the behaviour of a design or a life phase system. Examples of inherent properties are 
strength, stiffness, stability efficiency etc. The inherent properties are causal determined 
based on the design characteristics and the environment. Relational properties are design 
attributes which describes the behaviour of the so-called meetings between the design and 
the life phase system. Relational properties are causal determined based on the character-
istics of the design, the life phase system characteristics and the meeting characteristics. 
Examples on relational properties are costs, throughput time, flexibility etc.  
 
One might argue that all properties are relational in the sense, that all inherent properties de-
pend on the design characteristics. However, the distinction between inherent properties and 
relational properties seems purposeful because in order to build in relevant relational proper-
ties both the design, the life phase systems and the meeting have to be explicitly and con-
sciously designed, whereas the environment normally can not be designed but have to be 
taken in to consideration.  
 
Quality, e.g. pride of ownership, can be contemplated as the stakeholders reaction on inher-
ent and relational properties. This means that quality is not inherent the design, the life phase 
system or the meeting, thus determining quality requires a person observing and reacting. 
The main difference between properties and qualities is that design characteristics and prop-
erties are related in a causal way whereas there is no causality between properties and qual-
ity.  
 
 
3 Constitutive and behavioural model viewpoints on designs 
 
According to the Theory of Technical Systems, Hubka [4] and the Domain Theory, An-
dreasen [1] four model viewpoints on a design is necessary to explain constitutive and be-
havioural aspects: process, function, organ and part viewpoint. The four model viewpoints 
seems to be related to different units being synthesised: the meeting (process) and the de-
sign itself. Dividing the four viewpoints models into constitutive and behavioural models. The 
figure illustrate the attempt to create a parallel between the three model viewpoints, i.e. to 
identify a behavioural aspect of all these viewpoints. In section 5 we shall take a closer look 
on part behaviour. 
 

 
 
Figure 1: The Domain Theory, Andreasen [10] 
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The meetings as model unit: During design the meeting between the design and life phase 
systems are designed. A process plan can for example be seen as a constitutive description 
of the meeting between a design and a production system. The behaviour of the meetings 
can be contemplated as processes in the Domain Theory and the constitutive description of 
a meeting is designated a technology, cf. figure 1. 
 
The design as model unit: According to the Theory of Technical Systems the design can be 
modelled from two constitutive viewpoints: organs and part viewpoint. The two constitutive 
viewpoints are necessary for explaining the behaviour of a design and the physical realisa-
tion. The organ models describe the units which posses functions, and the parts model de-
scribes the units which are a realised in a sequences of production processes, i.e. a process 
chain. The purposeful part of organ behaviour is designated functions, i.e. the ability to de-
liver purposeful effects. In Theory of Technical Systems there is not identified an explicit be-
haviour concept for parts. It seems necessary to do so in order to be able to specify the soll-
behaviour of a part before synthesis and after synthesis to evaluate the ist-behaviour of 
parts. The behaviour and functions of parts is the topic for section 5.  
 
 
4 Part constitution 
 
When a part has been design it is defined by means of four classes of design characteristics: 
form, dimension, surface quality and material, Hubka [4]. The part design theory which is 
seeked for here shall not only be able to model the final results but also to describe the part 
in various stages "from 0 to 1", i.e. from the stage where no design characteristics have been 
determined to the stage where the part is completely defined. When designing a part there 
are the following types of influences: 
 

 The part deliver wirk elements for one or more organs, i.e. when we “read” the part, and 
we may trace its wirk elements 

 

 The part is materialised and serve duties during its life phases, i.e. the part has both 
causes and consequences from life phase meetings 

 

 The part itself is defined by characteristics as introduced in section 2. 
 

 
 
Figure 2: Part constitution 
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Ersoy [3] has in his efforts to create a theory of part design introduced the concept of wirk 
elements to define part, but has not decided on a necessary and sufficient number of wirk 
elements to define a part. In English wirk can be translated to mode of action. To underline 
the German origin and because mode of action surface, mode of action material etc. sounds 
awkward, the wirk concept is utilised here. 
 
A part can be contemplated as an elementary materialised unit, which is realised in a se-
quence of production processes without assembly processes. Figure 2 shows an entity-rela-
tionship model of a part. Seen from a constitutive viewpoint the part consists of wirk surfaces, 
cover surfaces, wirk field and wirk skeleton. A wirk surface is a surface which contributes to 
realisation of an organ an thereby its function. The wirk field is the "glue" which keeps the 
surfaces together. Cover surfaces are free surfaces, Tjalve [8] that do not directly have func-
tional contribution. These surfaces are free in the sense that they can be changed without 
changing the functional contribution to organs. A skeleton is a spatial reference system, 
which carries the relations between surfaces and material fields. The super system parts are 
assemblies. A part has a reason and a consequence. The reason for a part is an organ and 
the consequence is sequence of production processes or other meetings during the design 
life.  
 
 
5 Definition of part behaviour 
 
There are at least two possibilities for defining the functionality of a part:  
 
1. Parts can be contemplated as units which creates organ characteristics, e.g. dimensions, 
 tolerances, material field with correct spatial and wirk relations. 
 

2. Parts can be contemplated as units which only posses internal properties, Hubka [4], e.g. 
 strength, stiffness, corrosion properties. 
 
Both concepts seems to be relevant for parts. The purpose of a part can only be validated by 
the contribution to creation of organ characteristics and a precondition for being able to de-
liver organ characteristics is that the part posses relevant internal properties. Therefor it 
seems appropriate to work with two type of behaviours for parts, i.e. function and internal 
properties even though it appears paradoxical that the ability to deliver organ characteristics 
is contemplated as behaviour.  
 
To make it explicit that organ and part behaviour by nature is very different it has in concert 
with Andreasen been chosen to designate part behaviour, part task. A part tasks can be de-
fined as follows: A part’s task is by me means of design characteristics to deliver correct or-
gan characteristics, thus correct organ functions are created. Figure 3 shows an example of 
tasks for parts in a hole puncher contributing to a punching organ which determines the 
properties of the holes in a sheet of paper.  
 
 
6 Explaining synthesis of parts 
 
A consequence of the design characteristics defining a part, three elementary classes of syn-
thesis patterns can be described: concretisation, detailing, decomposition/composition. Con-
cretisation is the process where more characteristics are gradually determined. 
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Figure 3: Part tasks 
 
 
Detailing is a process where more parts or part units (wirksurfaces, wirkfield etc.) are deter-
mined. Composition is the process where more part units are integrated to an entirety and 
decomposition is a process where a part is decomposed into more parts, e.g. governed by 
the choice of assembly method. More complex synthesis operations are choice of Bauweise, 
superimposing organ structures in a part structure and opportunistic synthesis, which will be 
explained further. 
 
Choice of Bauweise: Jakobsen [6] has identified the interplay between choice of production 
method, form and material. The three characteristics can not be chosen independently and 
there does not seem to exist a certain sequence in which the characteristics are chosen. The 
decisions are concerned with the entirety and afterwards the feasibility of form, material and 
production methods are controlled. The entirety might be named a Bauweise, Andreasen [2]. 
A Bauweise is a known and proven solution where form, material and production method is 
chosen. 
 
Superimposing organ structures in a part structure: An important difference between an or-
gan structure and a part structure is that a design can be modelled as organs from different 
viewpoints whereas the part structure seems to be unambiguously defined. When a design is 
modelled based on solid state mechanics theory the organ model consist of beams, column, 
plates etc. When a design is modelled based on vibration theory, the organ model consist of 
masses, dampers, springs etc. These patterns seem to be valid also for other property theo-
ries. The part model is from a task point of view completely defined when the design char-
acteristics: structure, form, material, material and surface quality are determined, Hubka [4]. 
The design of a part can therefor be seen as superimposing different organ models into a 
part model, i.e. it is decided which wirk surfaces and wirk fields that shall belong to each part.  
 
Opportunistic synthesis: In this pattern the designer uses already existing surfaces and wirk-
fields for establishing other tasks of for a part. This means that the same part normally deliv-
ers several tasks. Opportunistic synthesis means to utilise existing units of a part as basis for 
realisation of other tasks.  
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7 Conclusions 
 
The paper has identified a need for distinguishing between two types of functionality of de-
signs, functionality of organs and functionality of parts. It is proposed that a part functionality 
is defined as the ability to deliver corrects organ characteristics. It has been proposed that a 
part can be contemplated as consisting of wirk surfaces, cover surfaces, wirk fields and wirk 
skeletons. A consequence of this is that a part can be gradually determined, thus it is a step 
towards identification of a part concept. Identification of a part functionality contributes to the 
domain theory, thus a complete functional reasoning pattern from individual parts to the pur-
pose of a machine is possible, i.e. parts deliver tasks to organs which deliver functions to the 
meeting, thus a process of an operand is completed.  
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