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Abstract: Small Agricultural machinery (SAM) is applied widely in agriculture, forestry
and stockbreeding. We focus the reconfiguration and Interoperability of the
complex process of SAM product development, and propose a design
architecture employing axiomatic design method and ontology information
representation. In the proposed design process, product function decomposing
and recomposing according to independent axiom of axiomatic design, all
information of all design phases is expressed in ontology information model
with XML language so that can be communicated among all engineers. A case
study conducted in Small Agriculture Machinery (SAM) design helps to
illustrate the proposed approach, it shows the proposed methods are feasible
and reliable, lays a foundation of SAM product reconfigurable design system.
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1. INTRODUCTION

Small Agricultural machinery (SAM) is applied widely in agriculture,
forestry and stockbreeding. With the ever drastically increment of market
competition and the increase of requirement for product personality,
Companies must solve numerous problems that have different origins. First
of all, products are increasingly complex and should answer a great number
of requirements imposed by customers, and manufactures have to improve
quality of their products, to have more creativity than their competitors and
to reduce costs and times of production, and the key to solve above-
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mentioned problems lies in the product development which exhausts about
70% technical investment of enterprise. The difficulty to implement product
development process can be explained by high number of different phases,
and thus disciplines, that have to collaborate. Among all these phases, we
can find (Ghodous, 1996, Prasad, 1996, Sriram, et al., 2002, Ullman, 1992,
etc.): study of purposes, preliminary studies, planning, preliminary design,
functional decomposition, detailed design of product, destruction and
recycling. Due to all the phases (different objectives, constraints,
manipulated information between functional design and manufacture, etc.)
are difficult for them to communicate information.

We are interested in conceptual and virtual aspects of product
development. Indeed, our objective is to find methods and data-processing
tools, which can help experts to work in an individual and implement an
automation design for product development. In this paper, we are involved in
improvement of data communication from the first product development
phases towards the most advanced one. More precisely, we focus on
functional design and detailed design in small agricultural machinery (SAM)
product development, and propose a method of axiomatic design using
ontology modeling for Interoperability, as they are essential in the SAM
product development process:

(1) The first one determines the main functions that are associated to an
artifact and are mapped from customers requirements;

(2) The second one decomposes and recomposes these functions to
generated the exact structural modal of the artifact employing axiomatic
design theory and reconfigurable design methods;

(3) The last one builds a general representation model of design knowledge,
experience and geometry information for all phases of product development.

These phases are difficult to relate because they involve different product
artifact representations, Hence, our global objective is to find an artifact
representation that would be common to these phases. To realize that, we
decompose our work in two separate parts: we first consider form to physical
structure mapping, which means that we try to find a way to improve
interoperability between both functional design and detailed design and
detailed design. The second part of our work consists to join the works that
have been realized separately into a unique global approach for customer
requirements-to-function mapping.

2.  AXIOMATIC DESIGN

Axiomatic design provides a systematic and logical methodology for
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deriving, documenting and optimizing design processes. In the words of
Professor Nam Suh of MIT, where the axiomatic design process was
developed, axiomatic design methods work to make design more creative,
reduce the random solution search process, minimize iterative trial-and—
error processes and determine the best design among those proposed [Nam
Pyo Suh, etc, 2001]. There are two axioms: (1) independence axiom; (2)
information axiom.

Axiomatic design is a process in which engineers, designers and
managers first think functionally and then follow through by the innovative
creation of physical embodiment. This process provides a systematic way to
satisfy many functional requirements (FRs) without introducing coupling of
functions and creating integrated physical systems. It decomposes higher—
level FRs and design parameters (DPs) into leaf~level FRs and DPs that can
be implemented to construct the system according to the resulting design
decision architecture. Figure 1 shows an axiomatic process schematically.

Customer Functional Physical Process
Dorain Domain Domain Domain

Functional requirements (FRs) are a minimum set of independent requirements that
completely characterize the functional needs of the design solution in the functional domain.
Design parameters (DPs) are the elements of the design solution in the physical domain that
are chosen to satisfy the specified FRs.
Constraints (Cs) are bounds on acceptable solutions.
Process variables (PVs) are the elements of the process domain that characterize the process
that satisfies the specified DPs.

Figure 1. Fundamental concept of axiomatic design.

3. ONTOLOGY-BASED F-B-S INFORMATION MODEL

In the process of product design, redesign namely modified design is
applied agilely, and reuse of information and knowledge becomes the key to
advance design quality and efficiency. So we focus on how to establish
design information model to organize and reuse corresponding design
information and knowledge at the circumstance of collaborative design. The
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conception of ontology (Natalya; Michael; Liu, 2002; Li, 2002) in artificial
intelligence is: it is a group of concepts or nomenclatures. It researches on
classification and attributions of objects and the relationships among objects.

We focus on how to establish a design information model which
organizes and reuses design information and knowledge obtained from
collaborative design. This paper proposes an ontology-driven design
information model and applies it to SAM to realize common use of
information and knowledge in product development phases. On account of
the three principles (uniqueness, completeness and minimum) constituted by
Bogoni at three aspects of product description including function, behavior
and structure, a information model satisfying different principles
respectively is proposed, and the ontological information model presents all
information in the process of design, simulation and production.

4. CASE STUDY

There is a case study conducted in SAM design which illustrates the
XML frame of the ontological information model. The description of XML
frame for F-B-S model is as following:

Table 1. Ontology representation for speed reducer of SAM

<?xml version="1.0" encoding="1SO-8859-1"7>
<rdf:ID = “SAM™>

<Object rdf:ID = “speed-reducer’>
<SBF:Function>
Function
Goal: [description]
Input: {[flow]}
Output: {[flow]}
Sub-functions: {[convert-revert | magnify-diminish | veer-veer | couple-separate |
conduct-insulate [sTtorage-withdraw]}
Sub-function of: [Function]
Referring-component: [Component]
</SBF:Function>
<SBF:Behavior>
Behavior
Input: {[flow]}
Output: {[flow]}
Relation: [convert | transmit]
Referring- component: [Component]
</SBF:Behavior>
<SBF:Structure>
Structure
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Main-connection: {[fixed connection | movement connection | transmitted
connection]}
Main-component: {[Generic-component-base]}
Component-relations: {[Generic-component-constraint]}
Number-component: [Number]

</SBF:Structure>

<SBF:Flows>

Flow
Category: [energy | signal | material]

Energy
Type: [Thermal energy, Hydro energy, Electrical energy, Mechanical
energy ...... ]

State: [Input, Output...... 1

Efficiency: [percent]
Signal

Type: [Vision, Audition, Olfaction, Tactile sense ...... 1

State: [Input, Output ...... ]
Material

Type: [Solid, Gas, Liquid, Mixture]

State: [Input, Output ...... ]

Capacity: [Intension, Tenacity, Elasticity ...... 1
Source: {[Component]}
Destination: {[Component]}
Referring-Component: [Component]
</SBF:Flows>

</Object>

</rdf:ID = “SAM”>

S.  ARCHITECTURE OF PRODUCT DESIGN SYSTEM

Figure 2 illustrate the architecture of SAM product design system. It
shows the SAM product design process according to four steps: the first
transforms customer requirements into product functions employing product
experts and sales through CRM tools and market investigation (Fig.2-A), the
farther contents are referenced in our previous paper [Jiang Jiandong, et al.,
2005,]. The second specifies how to decompose product functions according
to independence axiom of axiomatic design method and how to recompose
functions on principle of product module reconfiguration warranted by
product library (Fig.2-B, C), detailed method is referred in interrelated
literatures [Zhang Libin Jiang Jiandong, 2004, Zhang Libin, et al., 2005].
The third shows that a part, component and whole product will be expressed
with functional ontology, behavioral ontology and structural ontology in
individual phase, then a finished design is expressed in general ontology
information model so that can be utilized by all engineers (Fig.2-D, E), it is
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referred in some literatures [Jiang jiandong, et al., 2005]. The last is that the
purpose of designer is computed digitally, and translated into digital model
in computer (Fig.2-F, G).

CR-Function

Ontology
cpresentation

Figure 2. Design process of SAM product

The frame of product design system employs axiomatic design method,
CRM, F-B-S ontology modeling reconfiguration design method and
reconfigurable methods, integrates conceptual design, detailed design,
intelligent design, artifact simulation and 3D product design, etc..

6. APPLICATION OF AXIOMATIC DESIGN FOR SAM
GEARBOX

Axiomatic design theory adopts top-down decomposed method and
designs function from abstract objects to detailed structure. A case study of
SF series gearbox conducted in Small Agriculture Machinery (SAM) design
helps to illustrate the proposed product function design and interrelated
method. Firstly, the essential requirements include: low cost, small volume,
agile manipulation and good adaptability, the mapped functions FRs and
design parameters DPs may sort out: (1) FR,-various speed, DP;-gear design;
(2) FRy-low cost; DP,-manufacture plan; (3) FRs-integrated gear and case-
frame, DP;-case structural design; So the prime design matrix is shown in
following
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According to SAM task environmental requirements, we decide four
various speed gearbox including four-speed, three-speed, two-speed and
one-speed. So the design matrix for FR; shows:

FR,) [x 0o o o][Dr,

FR,| |0 x o o] DA, )
FR,[ |0 0o x o]|Dr,

FR,| |0 0 0 X||DP,

Where, FR; is four-speed gearbox structural design, FR,; is three-speed
gearbox structural design, FR,; is two-speed gearbox structural design, FRy,
is one-speed gearbox structural design, DP}; (i=1~4) are design parameters
for detailed structure of individual gearboxes.

All FRs and DPs are need decomposing and composing abided by
independence axiom and information axiom, the final result includes almost
eighty independent functional and one hundred design parameters, and these
design parameters can be integrated into eighteen modules of SAM gearbox
determined by forty-six structural parameters.The result is shown in Figure 3.

One-speed gearbox [Two-speed gearbox | Three-speed gearbox | Four-speed gearbox

Figure 3. Artifacts for proposed design method

7. CONCLUSION

A design architecture employing axiomatic design method and ontology
information representation is proposed. In the proposed design process,
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product function decomposing and recomposing according to independent
axiom of axiomatic design, all information of all design phases is expressed
in ontology information model with XML language so that can be
communicated among all engineers. A case study of SF series gearbox is
realized by axiomatic design method, and the functional, Behavioral and
structural information for all design phases is expressed in ontology. This
paper proves the feasibility and reliability by functions decomposed and
mapping by actual SAM components. The proposed methods and design
processes lay a foundation of SAM product reconfigurable design system.
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