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Abstract The manufacture of microproducts differs from
that of conventional products in many ways, not only in
the sizes, but also in issues concerning the effects of
material properties, tools, and manufacturing equipment.
There was a need for a new design methodology and
associated design tools to aid designers in assessing the
design of their microproducts by considering new micro-
manufacturing capabilities and constraints. A knowledge-
based design advisory system (DAS) was, therefore,
developed in MASMICRO in which the knowledge-
based system with dedicated assessment modules and
knowledge representatives based on the ontology was
created to implement the distributed design and manu-
facturing assessment for micromanufacturing. The mod-
ules address the assessment on geometrical features
relating to manufacturability, manufacturing processes,
selection of materials, tools, and machines, as well as
manufacturing cost. The Microsoft C# programming
language, ASP.NET web technology, Prolog, and Micro-
soft Access database were used to develop the DAS. The
test on the DAS prototype system was found to provide
an increase of design efficiency due to more efficient use
of design and manufacturing knowledge and afforded a
web-based collaborative design environment.

Keywords Micromanufacturing . Knowledge-based
system . Design advisory system .Microproduct design

1 Introduction

A main aim of the MASMICRO project was to develop
manufacturing facilities to support new micromanufactur-
ing activities [1]. The equipment developed expands/
increases the capabilities of micromanufacturing which
further creates new opportunities for product innovation.
To support product development with the MASMICRO
manufacturing facilities, a product design assessment
system has been developed, which not only applies the
manufacturing constraints to the design to ensure that the
design is feasible for micromanufacturing, but also provides
new manufacturing knowledge to support product design
innovation by taking full advantage of newly increased
manufacturing capabilities in micromanufacturing.

Some knowledge-based decision support systems
(KBDS) have been developed for assisting in improving
design and manufacture. However, most of these are
concerned with macromanufacturing, with only a few of
them considering micromanufacturing. Furthermore, most
of these systems are based on the use of stand-alone PCs
rather than being web-based, which is not convenient for
clients working within a collaborative environment. For
example, a knowledge-based expert system at the discretion
of casting product designers was employed as a real-time
expert advisor to assist product designers to achieve the
correct casting design and appreciate process selection for a
given component [2]. A KBDS for metal forming was
developed [3] which was capable of generating feasible
process plans for various sheet- and bulk metal-forming
modules. A knowledge-based framework for the design of
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progressive dies was also developed [4] to support metal
stamping, etc.

Some of the previously created knowledge-based design
systems demonstrated the capability of collaborative design
for discrete organizations through the Internet. Using
Internet technology, the model and knowledge source of
the design in the systems can be dynamically accessed,
shared, and undated in the web environment by authorized
remotely located users. Therefore, more efficient design
cooperation, product prereview, and assessment can be
implemented. For example, a web-based knowledge system
architecture was proposed for collaborative product devel-
opment [5]. A web-based knowledge-intensive collabora-
tive design system called WebKIDSS was also presented
[6]. The latter system was implemented using the concur-
rent integration of multiple cooperative knowledge sources
and Java/Java Bean and CORBA technologies. The system
was applied to injection molded products. A process-
planning optimization module was also introduced [7],
which was wrapped as a web-enabled service and deployed
in the Internet to support distributed design and manufac-
turing systems. In this development, VRML/XML and Java
technologies were utilized.

The above-introduced systems were, however, not
related to applications to design for micromanufacture,
especially design for microforming. In the research and
development presented in this paper, the prototype of a
knowledge-based design advisory system (DAS) was
developed for collaborative design for micromanufacturing,
as part of the MASMICRO project's planned tasks. The
DAS consists of various assessment modules, including that
for product geometry features relating to manufacturability,
manufacturing processes, selection of materials, tools and
manufacturing machines, as well as manufacturing cost.
The users can import a CAD design model to the DAS
using its user interface (UI), which is similar to a web page
with dialog boxes. The users can also add, edit, and delete
(under authorization) the design parameters of the micro-
products in the database of the DAS, the database having
been designed and programmed using Microsoft C# [8], the
ASP.Net [9] web technique, and Microsoft Access [10] (or
Microsoft SQL Server). Designers or users are able to use
the DAS to obtain an effective solution within a knowledge
web-based collaborative environment.

2 Methodology of design assessment
for micromanufacturing

2.1 The products and processes addressed in the DAS

After examining micromanufacturing processes involved in
the MASMICRO project, three common types of the

microformed products were decided to be considered in
the first prototype of the DAS:

(a) Bulk parts, which are, mostly, axially symmetrical or
rotationally symmetrical, such as micropins, micro-
shafts, and gears.

(b) Sheet parts with various thicknesses and flat geome-
tries, or 2.5D parts with raised/lowered profiles, such
as microswitch parts, microcaps, and microconnector
parts.

(c) Cans/tubes, which may have local 3D features, formed
from initially cylindrical bars or tubes, such as micro-
camera shafts and microfluidic device parts.

The preliminarily applicable processes used in the DAS
for micromanufacturing process assessment are: micro-
extrusion, microstamping, microhydroforming, microelec-
tric discharge machining, and microlaser forming.

2.2 Design considerations for developing the DAS

Design of a microproduct should simultaneously inves-
t igate the product concepts and the product-
manufacturing feasibility. This will eventually result in
a decision regarding the preferred manufacturing meth-
ods, tools, and machines. Referring to micromanufactur-
ing, the following major factors will have to be
considered during product design: overall dimensions of
the microparts/microproducts, local features of the part/
component, manufacturing shape capability, tolerance,
and surface quality capability, material capability, mate-
rial properties of the part/component after processing,
characteristics of mass production, manufacturing cost,
and synthesis factors. These were taken into account in
the design of the DAS.

2.3 Knowledge-based collaborative environment
for developing the DAS

At the earlier stage of the project, a stand-alone DAS was
developed to support the design assessment of a microproduct
where the issues of concern included the selection of the
manufacture process and the material and the decisions
regarding the cost of the tool, of the machine, and of
manufacture. In this situation, the DAS could only use
personal PCs and could not provide a collaborative design
environment to many partners of the project: the application
of the DAS was, therefore, constrained. After close collabo-
ration with the partners of the project, a knowledge-based
collaborative DAS was proposed and created, which is web-
based and which the project partners and potential end-users
(under authorization) can access and use.

As illustrated in Fig. 1, the knowledge-based DAS was
designed in an interactive mode in which the user can not
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only access the UI of the DAS through the Internet, but
can also modify and update the design data in the database
of the DAS. Here, a server that is based on the web
protocol is used as the service provider or browser of the
web-based DAS. The information and design knowledge
can be searched and shared by all of the users who can
access the DAS through the Internet.

2.4 Methods for knowledge representation

In order to effectively and accurately utilize the knowl-
edge resources in the DAS, it is necessary to classify the
knowledge into different categories. Two methods, i.e.,
production rules and frames [11], have been adopted in
the DAS to represent knowledge. The former, production
rules, associates with the product specifications, design
evaluation, and product technological data and experience/
practice. Based on the architecture presented in Fig. 1, the
product specifications and design evaluation can be built
in the KBDS of the DAS and they function as the
evaluation principles and control methods. The techno-
logical data can be stored in the database of the DAS,
which can be searched by the users through the Internet.
The latter, frames, which include the previous empirical
data and methods, can be represented by a logical
decision-type method such as “If–Then” in the inference
engine or assessment modules of the DAS.

3 Design of the design advisory system

3.1 Architecture of the DAS

After examining the issues concerning the methodology of
design assessment for micromanufacturing, the architecture
of the knowledge-based collaborative DAS was built up
(presented in the Fig. 1). Generally, the DAS includes four
parts, as shown in Fig. 2—the UI, the inference engine, the
database, and the KBDS, and their functions are discussed
briefly as follows:

User interface The UI of the DAS, created with Microsoft
Visual Studio.Net 2003 Compiler, Microsoft C# language,
and the ASP.Net web technique, provides an easy access for
the users to use the DAS through the Internet. The UI is
designed to connect with the inference engine (for user–
machine dialog and data input/output), CAD drawings, the
KBDS, and the database. The DAS can run in a specified
service server and provide a web-based collaborative
environment where the authorized user can browse, add,
and modify the necessary data in the database of the DAS
through the interactive dialog box in the UI, including both
text and graphic illustrations.

Inference engine The inference engine involves and real-
izes the control strategy for the assessment of the design of

Fig. 1 Knowledge-collaborative architecture of the DAS
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the microproduct. It was arranged to have forward and
backward chaining mechanisms. In this way, the micro-
product design parameters provided by the user could be
judged as whether acceptable or not using the stored design
rules and empirical data in the KBDS or the database. The

inference engine was designed using Microsoft C#, ASP.
Net, and Prolog.

Knowledge-based decision system The KBDS contains
logical objects, facts, and goals, as well as the system of

Fig. 2 Simplified architecture
of the DAS

Fig. 3 The UI of the DAS
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rules (specifications) representing the relationships between
them. Microsoft C# and Microsoft Access (SQL Server)
were used to design the KBDS.

Database Combining with the KBDS, the database is an
independent part of the DAS, which contains materials
properties, technological parameters, tool parameters, and
forming machine parameters. This data presents, practically,
the appropriate facts for the system. The Microsoft Access
(SQL Server) was used for the design of the database.

3.2 Functions of the DAS

The prototype of the DAS was developed with reference to
the architecture of both knowledge-based and web-based
DAS. In order to be able to assess the manufacturability of
the microproduct that the users has developed in an easy
and flexible way, functional assessment modules were
created in the UI of the DAS; the design and arrangement
of these modules being shown in Fig. 3. The assessment
functions of these assessment modules include the follow-
ing aspects: product geometry features, manufacturing
process selection, material applicability, selection of tools
and machines, and manufacturing cost.

To assess a microproduct, as shown in Fig. 3, firstly, the
users can input and upload his/her CAD model or drawing
using the click button “CAD drawing input.” The CAD
model or drawing is then displayed in the image frame of

the UI of the DAS. For a general assessment of a user's
product design, the assessment module “Product Overview”
can be employed, the user simply follows the assessment
procedures as specified in the assessment modules:

(a) Check product type.
(b) Check product geometrical features.
(c) Check process capability.
(d) Check tolerance and surface quality capability.
(e) Check tool and machine capability.
(f) Decide preliminary process planning.
(g) Assess the manufacturing cost.

If the user wishes to assess his/her design of the product
with respect to other issues, further relevant assessment
modules can be used. The key requirement is that the
assessment procedures in a assessment module need to be
followed rigorously. For example, in the material assess-
ment module, the users can search and select the proper
material type from the database, based on different material
standards, and then, follow the assessment procedure to
judge whether their selected material is suitable for a
specific, proposed manufacturing process which has been
included in the DAS. For any process which has not been
covered in the system, the user may have to use his/her own
experience/knowledge to assist in the design assessment.
However, the system is developed with an open architecture
which allows the user to add data and knowledge to the

Fig. 4 Assessment of the design of the micropin component
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corresponding database and knowledge base, even add new
assessment modules for further development.

4 System testing and validation

To illustrate the functions of the prototype DAS, a sample
component, a micropin, and the assessment module
“Product Overview” are selected, as shown in Fig. 3. In
the following UI or web page of the assessment module, the
user can check and select the product type from the product
drop-down list. For instance, after the micropin has been
selected, the “Enter” button should be clicked, upon which
the next UI or web page will appear, as shown in Fig. 4,
whereupon the assessment module will then assess the
micropin product step-by-step, following the assessment
procedure.

Before using an assessment module, the user should
analyze the design and then decide upon the main
geometrical features and attributes of the microproduct.
For the sample component, the micropin, the location and
number of holes, bosses, and transitions, as shown in
Fig. 4, should be examined. Then, the user should enter the
number and parameters of the holes, bosses, and transitions
in the designated dialog boxes. The assessment module
enables the separate assessment of each feature listed in the
drawing and checks the suitability of the design. Similarly,
the user can employ a dialog box to define his/her product
design specifications, such as the tolerance, surface quality
and material requirements, overall sizes, difficult features,
etc., and the assessment module will then automatically

check and assess the compatibility/manufacturability of
these parameters with the use of the KBDS/database in the
DAS. The assessment results can be displayed automati-
cally in the output dialog boxes, as shown in Fig. 5, to
advise the user as to whether or not his/her design is
acceptable.

5 Conclusions and further considerations

The paper presents a prototype knowledge-based collabo-
rative DAS with various assessment modules for micro-
manufacturing (mainly to support uses of the manufacturing
facilities developed within the MASMICRO project). The
test results obtained with the prototype show an improve-
ment in design efficiency, in terms of easier utilization of
knowledge, and indicate the potential for greater employ-
ment of the web-based collaborative design environment to
support design for micromanufacturing.

The knowledge-based collaborative DAS is used herein
for the first time of application to design for micro-
forming. It is shown that such application is able to secure
significant benefits, including the enhancement of right-
time microproduct design, reasonable process decisions,
less reliance on design expertise, etc. Furthermore, the
DAS can also be expanded to applications involving other
manufacturing processes than that addressed in the
MASMICRO project.

Acknowledgements The authors would like to thank the follow-
ing: the EC for funding this research—part of the EU FP6

Fig. 5 Results of a preliminary processing plan and interface for the estimation of the manufacturing cost

978 Int J Adv Manuf Technol (2010) 47:973–979



MASMICRO Project (http://www.masmicro.net); the University of
Strathclyde for the provision of research facilities; and partners in
the MASMICRO Project for contributions to the development of the
design and manufacturing knowledge used in the DAS.

References

1. Qin Y (2006) “Micro-forming andminiature manufacturing systems—
development needs and perspectives”, keynote paper (plenary address)
of the 11th Int. Conf. of Metal Forming. J Mater Process Technol 177
(1–3):8–18. doi:10.1016/j.jmatprotec.2006.03.212 September

2. Er A, Dias R (2000) A rule-based expert system approach to
process selection for cast components. Knowl Based Syst 13:225–
234. doi:10.1016/S0950-7051(00)00075-7

3. Tisza M (1995) Expert systems for metal forming. J Mater Process
Technol 53:423–432. doi:10.1016/0924-0136(95)01999-U

4. Cheok BT, Nee AYC (1998) Trends and developments in the auto-
mation of design and manufacture of tools for metal stampings. J

Mater Process Technol 75:240–252. doi:10.1016/S0924-0136(97)
00370-1

5. Rodriguez K, Al-Ashaab A (2005) Knowledge web-based
system architecture for collaborative product development.
Comput Ind 56:125–140. doi:10.1016/j.compind.2004.07.004

6. Zha XF, Du H (2006) Knowledge-intensive collaborative design
modeling and support. Part II: system implementation and applica-
tion. Comput Ind 57:56–71. doi:10.1016/j.compind.2005.04.006

7. Li WD (2005) Aweb-based service for distributed process planning
optimization. Comput Ind 56:272–288. doi:10.1016/j.compind.
2004.12.001

8. Foxall J (2004) In: Hall C (ed) SAMS teach yourself Microsoft
Visual C#. NET 2003 in 24 hours, 2nd edn. SAMS, Indianapolis, IN

9. Duthie GA (2003) In: Hamilton A (ed) Microsoft ASP.NET
programming with Microsoft Visual C#.Net step by step. Micro-
soft, Redmond, WA

10. Blanton A (2004) In: Blanton A (ed) Microsoft Office Access 2003
step by step. Microsoft, Redmond, WA

11. Sing WM, Rao KP (1997) Knowledge-based process layout
system for axisymmetrical deep drawing using decision tables.
Comput Ind Eng 32(2):299–319

Int J Adv Manuf Technol (2010) 47:973–979 979

http://www.masmicro.net
http://dx.doi.org/10.1016/j.jmatprotec.2006.03.212
http://dx.doi.org/10.1016/S0950-7051(00)00075-7
http://dx.doi.org/10.1016/0924-0136(95)01999-U
http://dx.doi.org/10.1016/S0924-0136(97)00370-1
http://dx.doi.org/10.1016/S0924-0136(97)00370-1
http://dx.doi.org/10.1016/j.compind.2004.07.004
http://dx.doi.org/10.1016/j.compind.2005.04.006
http://dx.doi.org/10.1016/j.compind.2004.12.001
http://dx.doi.org/10.1016/j.compind.2004.12.001

	A knowledge-based design advisory system for collaborative design for micromanufacturing
	Abstract
	Introduction
	Methodology of design assessment for micromanufacturing
	The products and processes addressed in the DAS
	Design considerations for developing the DAS
	Knowledge-based collaborative environment for developing the DAS
	Methods for knowledge representation

	Design of the design advisory system
	Architecture of the DAS
	Functions of the DAS

	System testing and validation
	Conclusions and further considerations
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


