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PRODUCT CONCEPTUAL DESIGN MODELING:
A NEW GENERALIZED ALGORITHM
DIACONESCU, D.; JALIU, C.; NEAGOE, M. & SAULESCU, R.
Abstract: Based on a comparative analysis of the conceptual design algorithms
proposed in literature, a new variant of the conceptual design modeling, whose
algorithm generalizes the existing algorithms, is proposed in the paper. The structure
of the generalized algorithm starts from the requirements list and contains: a) global
function statement, b) global function description by structures of sub-functions, c)
solving structures generation, and d) selection of the best solving structure (the
concept) by evaluation.
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1. Introduction
The conceptual design denomination is derived from the older notion of
product concept, used for the result of this design. The new terminology promotes the
denomination of the product principle solution instead of the concept notion;
momentary both notions coexist in literature.
Based on a comparative analysis of the algorithms that are proposed in
literature, the authors propose a new variant of the product conceptual design
modeling, whose algorithm generalizes the existing algorithms.
2. Comparative analysis of the existing conceptual design models
Several models for conceptual design modeling are proposed in literature. The
most representative belong to Cross (Cross, 1994), Ulrich & Eppinger (Ulrich &
Eppinger, 2008); Dieter & Schmidt (Dieter & Schmidt, 2009), Pahl et al. (Pahl et al.,
2007) and VDI (VDI, 1997). From the comparative analysis of these models, some
useful conclusions come out, detailed in the following subsections.
2.1 On the requirements list elaboration
Unlike the first three mentioned models (Cross, 1994; Ulrich & Eppinger,
2008; Dieter & Schmidt, 2009), in which the requirements list is considered a step of
the conceptual design, the requirements list is input entity in the German models
(Pahl et al., 2007; VDI, 1997); therefore, in the German view, the requirements list is
a distinct activity, relatively autonomous, with objectives and approach methods
different from those of the properly conceptual design. Instead of requirement’s list,
in the English literature it is met the abbr. PDS (Product Design Specification) or the
more simple denomination of specification.
2.2 On the strictness of terminology
From the analysis of the used terminology in the mentioned models, some
interesting observations come out:
 Cross’s model (Cross, 1994) uses a terminology of general type, like: objective,
problem and sub-problem, function and sub-function, requirement, characteristic,
alternative (variant), sub-solution, solution, etc.
 The models of the American authors, Ulrich & Eppinger (Ulrich & Eppinger,
2008) and Dieter & Schmidt (Dieter & Schmidt, 2009), use a more elaborated
terminology which has also specialized notions, like: target specification, product
concept, concept development, the concept of a sub-problem, integrated solution,
project development, etc.
 The German models use the most rigorous terminology, and between them, the
VDI model (VDI, 1997) has the most accurate form. Beside the general notions,
there are used strictly specialized notions as: structure of functions, solving
principle, physical effect, effect carriers, configurations of the effect carriers,
solving structure, principle solution, effects plan, configuration plan, etc.
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2.3 On the models’ common denominator
Though they have different formulations, all the mentioned design models can
be reduced, through abstracting and simplifying, to the same common denominator,
illustrated through the algorithm from Fig. 1 (adapted after VDI 2221); in fact, this
Problem
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sub-problems of different orders)

System synthesis
(Search of subsystems’ solutions that
solve the sub-problems of superior
2 order and establishment of systemsolutions, by combinatory composition
of the found subsystems’ solutions)

1. Problem analysis

1.1 Global problem
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1.3 Singular problems
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4
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that will be developed)

Next phase

Fig. 1. The solving structure of a technical
problem (adapted after VDI 2221)

2. System synthesis
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characteristics accomplished by
the obtained system-solutions)

2.1 Singular solutions
(comb.no.j)

2.2 Partial solutions (comb. no. j)
2.3 Global solution no. j
(the resultant of the
solutions from
combination no. j)

Fig. 2. The solving structure of a
technical problem by its dividing into
sub-problems and composing the subsolutions from different combinations
(adapted after VDI 2221)
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algorithm designates the solving cycle of a technical problem, in five steps. Through
the oriented lines from Fig. 1 there are designated the information flows between steps:
the main flow is represented with a thick line, while the inverse iterative flows
(necessary in correction and optimization) are traced with a thin line. According to the
German view, in solving the technical problems, the steps no. 1 and no. 2 can be
structured following an algorithm like the one from Fig. 2 (adapted after VDI 2221),
which consists of six main sub-steps (1.1,…, 2.3).
All the mentioned design models can be reduced, through simplification, to the
same common denominator: the algorithm for solving cycle of a technical problem.
This algorithm can be found in the simplified variant of the type: global problem 
sub-problems  sub-solutions  global solution in the structure of each design model
that was previously mentioned.
3. Generalized algorithm
Starting from the product design variant modeled in Fig. 3, a new variant that
models the product conceptual design is proposed in Fig. 4, derived from the previous
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Fig. 3. Generalized algorithm of the Product Design process
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mentioned models by generalization. The structure of the generalized algorithm from
Fig. 4 is centered on an adequate base of information, starts from a requirements list
and contains and contains four steps and four main results:

3.
Solving
structures
generation
Global
function‘s
structure

2.
Global
function
detailing

Product
global
function

Solving
structures

INFORMATION
BASE

1.
Product
global function
identification

4.
Technical
and
economical
evaluation

Product
principle
solution
Require
-ments
List

Fig. 4. Generalized algorithm of the conceptual design
1. Global function statement. Result: The global function,
2. Global function description by structures of sub-functions, of different orders.
Result: The structure of the global function,
3. Solving structures generation by: solving the sub-functions, sub-solutions
composition and elimination of the inadequate solutions. The solving structures are
established by determining and analyzing the characteristics of each obtained
variant, followed by the elimination of the variants that do not fulfill quantitatively
the requirements from the list. Result: Solving structures,
4. The best solving structure selection by a technical and economical evaluation.
Result: The product principle solution (the concept).
The inverse connections between steps (Fig. 4), which are necessary in the
iterative optimization and in readapting the requirements list, can be made directly,
through the peripheral information flow, or indirectly through the information base.
Among the four steps (Fig. 4), the solving structures generation (step 3) represents
the key step; for this step, illustrated in Fig. 4 in a shaded shape, a general algorithm was
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detailed in Fig. 5. This algorithm (Diaconescu et al., 2008), derived from the
homonymous algorithm proposed by Ulrich and Eppinger (Ulrich & Eppinger, 2008)
considering the VDI terminology, is centered on an adequate information base, starts
from a known structure of sub-functions and contains (see Fig. 5):
1°. Grouping of the sub-functions into: a) functions of U.S.P. type (Unknown Solving
Principles) and b) functions of K.S.P. type (Known Solving Principles). Results:
Functions of U.S.P. type and functions of K.S.P. type.
2°. Solving principles synthesis (for U.S.P. functions and for the K.S.P. functions
whose existent solutions are unsatisfactory for the designed or developed product),
i.e. synthesis of physical effects and configuration of effects carriers, followed, for
composed sub-functions, by the composition of the partial solutions. Result: New
solving principles.
3°. Identification of known solutions. Result: existent solutions.
4°. Generation of the solving structures, which contains:
4.1° solving structural variants generation by a combinatory composition of the
compatible solutions from steps 2° and 3°, and
4.2° a) initial configuration (geometrical-kinematical synthesis) of the obtained
variants; b) pre-establishing the main technical characteristics of these variants; c)
then, eliminating the structural variants whose technical characteristics don’t satisfy
quantitatively the requirements (main objectives) from the requirements list. Result:
solving structures.
Hence, a solving structure is a structural variant that solves the product global
function, according to the main objectives from the requirements list, both
qualitatively and quantitatively. In solving steps 1°… 3°, a decisive role is played by
the information base and the experience of the design.
In the case of the K.S.P. functions, the identification of the existent solutions is
based on two main sources: the technical literature and the existent technical systems.
The present information sources from literature are referring to: technical and
economical periodicals, bulletins and magazines from the research field; monographs
and academic courses, reference bulletins, dictionaries, lexicons and encyclopedias,
mathematical and technical agendas, PhD thesis, research projects, legislative norms,
technical norms and standards, patents, design catalogues (catalogues of physical
effects, catalogues of principle solutions for usual functions, catalogues of
constructive solutions etc.), catalogues and prospects of products (edited by the
producer companies and/or sale companies), scientific, technical and economical
reports, elaborated by different institutions and associations, web-sites in the field etc.
For the U.S.P. functions, the physical effects and/or the configuration of the
effects’ carriers can be found by: conventional methods (e.g. analysis of the natural
systems, models analogy, testing and measurement, etc.), intuitive methods (e.g.:
Delphi method, Brainstorming, 635 method, Gallery method, Synectics, etc.) and
logical methods (e.g modeling and numerical simulation of physical processes,
systematical search by using matrixes and catalogues of physical effects, the variation
of the effects’ carriers configuration for known solutions, etc.).

612

DAAAM INTERNATIONAL SCIENTIFIC BOOK 2010

pp. 607-616

CHAPTER 53

Global
function
structure

1. Identification of the component sub-functions:
 with Unknown Solving Principles (USP) and
 with Known Solving Principles (KSP).

U.S.P.
functions
INFORMATION BASE

2. The solving principles
SYNTHESIS by identifying
effects and by configuring
effects carriers

K.S.P.
functions

New
solving
principles

3. Identification and
systematization of
existent solutions

Existent
solutions

4. Generation of solving structures:
4.1. Generation of the solving structural variants, by combinatory
composition of the partial solutions;
4.2. a) Initial configuration of the obtained variants (kinematical
synthesis); b) Pre-establishment of the technical features;
c) Elimination of the structural variants whose technical features don’t
satisfy quantitatively the requirements list.

Solving
structures

Fig. 5. Algorithm of solving structures generation (step 3 from Fig. 4)
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The generation of solving structural variants, through combining and
composing the partial solutions (sub-step 4.1 from Fig. 5), can be done using
mathematical combining methods or morphological matrixes (VDI, 1997); between
them, the second alternative is the most used.
In terms of novelty, from the global function of a product can come out more
design types and variants (Dieter & Schmidt, 2009; Otto & Wood, 2001; Pahl et al.,
2007), systematized in Table 1:
The sub-functions
The
solutions contain
global function
structure contains

Solving principles
known
With REIn the existent
new
configuration
configuration
O.D. type V
O.D. type VII
O.D.
type I
O.D. type VI
New connections
O.D. type II
A.D. type I
O.D. type
V.D.
III
A.D. type II
Known connections
O.D. type IV
Legend: O.D. = Original Design; A.D. = Adaptive Design; V.D. = Variant Design

Tab. 1. Design types and variants
1) Original design (OD), with seven distinct variants (OD-I, …, OD-VII),
2) Adaptive design (AD), with two distinct variants (AD-I and AD-II) and
3) Variant design (VD), with a single alternative.
The following differences derive from Table 1:
- in the original design, the principle solution contains elements of originality
at least in the effects plan or at least in the connections plan;
- in the adaptive design, the principle solution brings elements of novelty only
regarding the configuration of the effects’ carriers,
- in the variant design, the principle solution is known in all the three plans: of
effects, of the effects’ carriers’ configurations and of connections; therefore,
the variant design is a form of embodiment design through similitude (by
using a „pattern“); in (Dieter & Schmidt, 2009), this design type in named
also modification.
Beside these design types, can be added (Dieter & Schmidt, 2009):
4) Select design, which is a selection of the needed components, from the firm
catalogs, after: performances and costs.
4. Conclusions
The following conclusions can be formulated based on the presented
algorithms from Fig. 3, 4 and 5:
 Each step from Fig. 3 represents a distinct activity, relatively autonomous, with its
own notions and methods.
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Generation of solving structural variants (by combining and composing the
partial solutions)
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Election of the solving structures (by eliminating the variants whose characteristics
do not fulfill the requirements from the list quantitatively)
Election of the principle solution (by establishing the solving structure that responds to
the evaluation criteria in the best way)

P.S.

Principle Solution (the concept)

Fig. 6. Detailling of the conceptual design algorithm from Fig. 4
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 In order to create an intuitive and unitary image on the hierarchy and correlations
between the notions that are used, a simplified and synthetic variant of the
algorithms from Fig. 4 and 5 was proposed in Fig. 6.
 According to Fig. 4 and Fig. 5, the global function of a product has elements of
novelty if: b1) it has at least one U.S.P. function and/or if: b2) at least one original
connection interferes in the global function structure.
 In terms of novelty, more design types can come out from the global function of a
product (Pahl et al., 2007): 1) Original design, 2) Adaptive design and 3) Variant
design; in each of them, the principle solution contains: 1) elements of originality
at least in the plan of effects or at least in the plan of connections; 2) elements of
novelty only regarding the configuration of the effects carriers; 3) known effects,
known effects carriers configurations and known connections; therefore, the
variant design is a form of design through similitude (by the „model“); 4) Select
design, which is a selection of the needed components, from the firm catalogs,
after: performances and costs (Dieter & Schmidt, 2009).
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