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Abstract
This paper addresses the innovation needs in

using web-enabled and tether-free technologies
to augment modeling and simulation for next-
generation product design, manufacturing, and
services. First, an introduction on fundamental
needs on “5Ps (predictability, producibility,
productivity, pollution prevention, and perform-
ance)” in modeling and simulation is given.  In
addition, perspectives in using e-manufacturing
for next-generation materials processing and
product manufacturing design are discussed. Fi-
nally, an effort in establishing a networked re-
search centers in for next-generation product de-
sign, manufacturing, and service is discussed.
An example on One-Day-Design Studio estab-
lished at the Industrial Innovation Center of
Shanghai Jiao Tong Univ is introduced.

Keywords: modeling and simulation, innova-
tion, e-manufacturing

1. Introduction
For the past five years, the impact on web-

based e-system technologies has added “veloc-
ity’ into our product design, manufacturing, and
business operations.  Business automation is
forcing companies to shift operations from the
traditional “factory integration” philosophy to a
“virtual factory” supply chain management
philosophy.  The technological advances for
achieving this highly collaborative design and
manufacturing environment is based on multi-
media type information-based engineering tools
and a highly reliable communications system for
enabling distributed procedures in concurrent
engineering design, remote operation of manu-
facturing processes, and operation of distributed
production systems.  This transition is depend-

ent upon the advancement of next-generation
manufacturing practices on “e-factory and e-
automation ” which is focused on the use of in-
formation to make things happen collaboratively
on a global basis.  Increased use of modeling
and simulation presents a major opportunity for
improving the capability of the engineering en-
terprise to provide competitive differentiation
for our products.  From a broad perspective,
modeling and simulation refers to a methodol-
ogy for describing an understanding of how and
why a product or process operates the way it
does.  Successful application of modeling and
analysis, simulation, and computation implies
(at the least) the ability to reliably predict, in a
timely manner, the performance of a system or
the effectiveness of a process, and thus to evalu-
ate the effect of proposed engineering changes
in components and approaches to development.
For many products, modeling and simulation is
a methodology that provides critical insight into
the fundamental phenomena that define the lim-
its of their performance. By understanding these
barriers, we can reliably design our systems to
achieve the best combination of performance,
range of operating conditions, quality, and price.
For our processes, modeling and analysis is a
way to ensure that our capabilities are well
matched to our product goals and that the re-
sources spent in product development produce
maximum results.

Accumulated data and experience are used as
the sole guide to new products, leading to sys-
tems that may be far away from the fundamental
limits of performance and cost, and processes
that are longer (and thus more costly) than nec-
essary.  In these situations, exploration of new
regimes of operation can only be accomplished



with extensive building and testing of proto-
types, which is both expensive and time con-
suming.  Further, the lack of knowledge of the
physical phenomena that characterize the system
behavior makes us vulnerable to unanticipated
problems that invariably occur late in the design
process or out in the field.  In short, the current
approach does not provide a framework or con-
text with which to understand problem devel-
opment, validation, or failures from a first-
principles perspective.

This white paper gives a vision for the use of
web-enabled an tether-free technologies to aug-
ment modeling and simulation for next-
generation product, manufacturing, and service.

2. Research Issues and Needs for Next-
Generation Product Design, Manufacturing,
and service

Future smart manufacturing companies ne-
cessitate a set of core intelligence to address the
issues of smart business performance within the
integrated design, manufacturing, and service
business system.  This set of core intelligence is
called “5Ps,” namely predictability, producibil-
ity, productivity, pollution prevention, and per-
formance (Figure 1).

   The study of these characteristics has made
the integrated design, manufacturing, and serv-
ice a challenging system discipline.  The author
believes that we must understand these issues as
a scientific discipline and seamlessly integrate
them into the design and manufacturing enter-
prise.  When we understand this integrated en-
gineering system as a science, we can subject it
to well-established analysis methods.  We can
then determine what the basic parameters are
and how they should be measured, thus pre-
dicting expected behavior.   When we can
measure, we can control; and when we can con-
trol, the process can be continually improved.
Most important, this discipline must be under-
stood by everyone involved in the product de-
sign and manufacturing processes.  With such a
scientific understanding of the subject, we can
analyze the effects of behavioral changes and
select the optimum course of action during the
life cycle of the product.

Modeling and simulation needs to effectively
address these needs. A general principle is that
the best model for a given circumstance is not
necessarily the description with the highest level
of fidelity. There is a balance between the
problem being addressed, the amount of time
available to obtain a solution, and the type and
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fidelity of the solution desired, which deter-
mines the level of detail required.  So called
“reduced order models”, which approximate
components or systems by aggregation of com-
plex effects into simpler behaviors, are particu-
larly important in multi-disciplinary situations
or where complex systems are addressed.  The
point is that modeling must be carried out with
the end goals and user needs in mind; these
shape the approach and level of sophistication
required.

Below are fundamental issues involved in
using modeling and simulation as core intelli-
gence next-generation product design,  manu-
facturing, and service.

• Digital Product and Process Modeling for
Predictability

With the increasing competitive short prod-
uct development and realization cycle, all deci-
sions involved in product and process synthesis
necessitate high fidelity modeling and simula-
tion process to validate physics-based or be-
havior-based design attributes.  The effective
use of modeling tools for dynamics, thermal,
mechanics, material, and behavior systems are
the prerequisite of tomorrow’s digital manufac-
turing.   These models and knowledge need to
be shared in a networked and collaborative envi-
ronment.   The most recent SGI workstation is
capable of solving intensive engineering prob-
lems in minutes and hours.   For example, the
proper use of ProCast FEM simulation tools en-
able engineers to visualize possible cracks of
casting parts due to thermal variation in the
manufacturing process.  As a result, the manu-
facturer can use well-engineered simulation
models to assist suppliers in changing the mold
design and delivering near-zero-defect casting
parts to customers that will minimize reworks
and defects.

• Materials Producibility and Affordability
Fabricating materials affordably is always a

challenge to the manufacturing industry, in par-
ticular, the aerospace industry.  With more
stringent regulations and constraints in envi-
ronment and performance (i.e. buy and fly ra-
tio), companies are looking for better super al-

loy high-temperature materials and near-net-
shape processing technologies to reduce the
costs of raw materials and manufacturing op-
erations.  Currently, most research tools and
process models in the research community are
inadequate for companies to predict and validate
material properties in the manufacturing proc-
esses.  For example, the machining of Ti-based
aerospace parts necessitates performance moni-
toring the material properties in the production
process.  Labor intensive and repetitive meas-
urements are required to assure quality and reli-
ability.  These certainly impact the stretch goals
in affordability and performance.  More re-
search activities are needed to address on-line
residual stress measurement of materials prop-
erties during manufacturing processes.  We must
expand our monitoring focus from dimensional
accuracy to materials performance to obtain a
full understanding of the quality of the proc-
esses, machines, and parts.  This will lead us to
forge an interdisciplinary research practice in
integrated materials, manufacturing, physics,
and computation to advance our understanding
in manufacturing science.

• Variation and Quality Control for Produc-
tivity

Smart production systems are needed to
monitor process variations to achieve high qual-
ity operations at lower costs. Methods must be
developed for an adaptable and reliable intelli-
gent process control software that include real-
time and on-board models consisting of ma-
chine, process, material, and environment.
These methods must deal with production
variation and guarantee process and product
quality globally through an integrated ERP sys-
tem.  To better enable modern process industries
to control process variations, system features
such as reconfigurability, reusability, self-
learning, and knowledge transferability need to
be added to the sensors and process control
system.

• Green Products and Processes for Pollution
Prevention

New imperatives are needed to allow sensors
and process control technologies to be better



integrated to provide improved energy effi-
ciency and reduce waste with lower develop-
ment and installation costs.  The green manu-
facturing system (i.e. green factory) should be
developed to enable the plant to monitor proc-
ess parameters and acquire true process infor-
mation directly, accurately and quickly.  In ad-
dition, alternative chemical-based coating tech-
nologies are needed to impact chemical free
manufacturing processes.  Innovative sensors
are also needed to monitor and control chemi-
cally corrosive environments. Emerging tech-
nologies such as the micro-electro-mechanical
(MEMS) based process sensors and wireless
communications need to be developed and engi-
neered to meet these challenging needs.  In ad-
dition, innovation on green product design is
needed to change the physics of product func-
tions and eliminate manufacturing and re-
manufacturing as much as possible (for exam-
ple, a motorless vacuum cleaner or a compres-
sorless air conditioning system).

• Advanced Maintenance Technologies for
Product and Process Performance

Service and maintenance are important practices
to maintain product and process quality and
customer satisfaction. The recent rush to em-
brace computer-integrated technology in manu-
facturing industries has further increased the use
of relatively unknown and untested technology.
Difficulty in identifying the causes of system
failures has been attributed to several factors,
including system complexity, uncertainties, and
lack of adequate troubleshooting tools.  Cur-
rently, many manufacturing industries are per-
forming service and maintenance activities still
based on a reactive approach.  The fundamental
issues that prevent us from resolving these
problems are an inadequate understanding of the
behavior of manufacturing machine and equip-
ment on a daily basis.  We simply do not know
how to measure the performance degradation of
components and machines.  We lack the vali-
dated predictive models and tools that tell us
what would happen when the process parame-
ters take on specified values.  Research is re-
quired to understand the factors involved in
product and machine breakdown and develop

smart and reconfigurable monitoring tools to re-
duce or eliminate production downtime, and re-
duce dimensional variation due to process deg-
radation.   To achieve these goals, smart soft-
ware and NetWare are needed to provide proac-
tive maintenance capabilities such as perform-
ance degradation measurement, fault recovery,
self-maintenance, and remote diagnostics.
These features would allow manufacturing and
process industries to develop proactive mainte-
nance strategies to guarantee the product and
process performance and ultimately eliminate
unnecessary system breakdowns.

3. Needs in Web-enabled Product Design,
Manufacturing, and Service

Discrete product manufacturers are under
pressure from customers (and the market) to
move away from the traditional make-to-stock
production model to a build-to-demand model.
Many customers are no longer satisfied with
mass-produced goods. They are demanding
customization and rapid delivery of innovative
products. In addition, regulatory agencies now
impose more constraints on product makers –
thereby demanding more while companies have
less resources to meet these requirements. The
current method of designing a mechanically en-
gineered product is for a designer with knowl-
edge of design rules, product specifications and
manufacturing preferences to evolve a design.
Today’s CAD systems do not allow direct impo-
sition of multi-disciplinary preferences regard-
ing functionality, manufacturability, assembla-
bility, safety, reliability, ergonomics, material,
and other issues against which such products
should naturally be tested. Furthermore, the
downstream activities such as maintenance can-
not be directly addressed during the design pro-
cess.

Another problem that has become more no-
ticeable is the supplier selection mechanism.
The current selection mechanism assumes that
candidate suppliers have been short-listed and
then are subjected to a number of attributes, per-
formance metrics, and even decision models.
However, the technical capability of suppliers
tends not to be available at the product design
decision stage. This makes it crucial that a



methodology be developed for including the
supplier to participate in product development
process and to demonstrate the framework
through a prototype web-based platform on the
Internet/Intranet using web technology. Another
issue which is currently difficult to address be-
cause of the current approach to design on the
CAD is the ability to capture how humans inter-
act with devices and machines. Complicated
physical simulation systems are sometimes built
to address this shortcoming.  Modular tools that
instantiate characteristics of behavior and phys-
ics should now be embodied in a new design
platform.

With emerging applications of internet and
tether-free communication technologies, the im-
pact of e- intelligence is forcing companies to
shift their manufacturing operations from the
traditional factory integration philosophy to an
e-factory and e-supply chain philosophy.  It
transforms companies from a local factory
automation to a global enterprise and business
automation.  The technological advances for
achieving this highly collaborative design and
manufacturing environment is based on multi-
media type information-based engineering tools
and a highly reliable communication system for
enabling distributed procedures in concurrent
engineering design, remote operation of manu-
facturing processes, and operation of distributed
production systems.  As shown in Figure 2, e-
manufacturing fills the gaps exist in the tradi-
tional manufacturing systems.  The gaps be-

tween product development and supply chain
consist of lack of life cycle information and lack
of information about supplier capabilities.
Hence, designers, unless with years of experi-
ence, work in a vacuum, design the product ac-
cording to the specification given, and wait for
the next step.  Most of the time, the design made
according to specifications is realized to be in-
feasible for manufacturing with suppliers’ ma-
chinery.  As a result, lead time become longer.
Similarly, for instance, because of the lack of in-
formation and synchronization between suppli-
ers and assembly plants, just-in time manufac-
turing and on-time shipment becomes possible
only with a substantial amount of inventory
whereas with e-manufacturing, real-time infor-
mation regarding reliability and status of sup-
plier’s equipment will be available as quality in-
formation of products will be.  With this infor-
mation and synchronization capabilities, less
and less inventory will be necessary contribut-
ing to the profitability of the enterprise.

The intrinsic value of an e-Manufacturing
system is to enable real-time decision making
among product designers, process capabilities,
and suppliers as illustrated in Figure 3.  It pro-
vides tools to access life cycle information of a
product or equipment for continuous design im-
provement.  Traditionally, product design or
changes need to take weeks or months to be
validated with suppliers.  With the e-
Manufacturing system platform, designers can
validate product attributes within hours using
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the actual process characteristics and machine
capabilities.  It also provides efficient configur-
able information exchanges and synchronization
with various e-business systems.

Future Direction

A revolutionary design paradigm should be
evolved whereby a design platform can call on
design tools over the Internet. This requires that
there be research and development of a scalable,
flexible, and efficient collaborative e-product
realization platform which allows a customer
and a manufacturer to work on a product con-
currently, and to provide the customer, in virtual
space, the capability to specify preferences
which then impose domain specification con-
straints on the product and the product’s com-
ponents. It will allow for multidisciplinary
product design evolution. For example, by se-
lecting a certain type of material, the designer
has shown preference for the material and the
physical properties of the material can be auto-
matically instantiated as design constraints due
to the material preference. These material prop-
erties would now constrain the material to per-

form in predictable ways under stress and simi-
lar loading conditions.  Such analysis should be
transparent to the designer within the design
platform. The architecture will also ensure that
interaction between the customers—wherever
the customer may be—and the de-
signer/manufacturer of the product is transpar-
ent. This concept reduces design time signifi-
cantly and removes the need for many design it-
erations and visits to vendor sites in the realiza-
tion of a product. It is envisaged that future
CAD systems will adopt the e-Product realiza-
tion approach in product conceptualization, and
design. It will become significantly easier for
customers to communicate their product ideas to
their manufacturing vendors, and OEMs.
Higher-level decision makers can easily play
“what-if” scenarios necessary to make business
decisions about products.

Currently, an One Day Design Studio
(ODDS) has been established at Shanghai Jiao
Tong Univ. in partnerships with over 12 global
companies, including Intel, GM, Rockwell
Automation, Microsoft, Toshiba, Fujitech,
Askew, Hailer, Shanghai Electric, etc. as well as
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a number of research institutions including Xian
Jiao Tong Univ. Tsinghua Univ., etc.  The vi-
sion of ODDS is to product an informatics plat-
form for rapid product design and manufactur-
ing validation.  Designers, customers, and sup-
pliers can use a networked modeling and simu-
lation tools to evaluate, synthesize, and optimize
various options and make final decision within
day(s).

The Benefits of a Unifying Research Agenda
Due to the shrinkage of in-house R&D na-

tionally in industries, it has become crucial for
companies to have an avenue for outsourcing
R&D to insure that they remain competitive and
are able to maintain short cycle-time develop-
ment and short life-time products. Industry
needs more “windows” on rapid developments
occurring in mechanical product production.
These advances, however, require very expen-
sive integrated basic research and development
which can no longer be afforded by individual
companies. A research will serve as the unifying
entity to promote collaboration in achieving
synergy in developing cost effective and inno-
vative tools which integrate to result in the re-
alization of e-product design platform. The fol-
lowing is a summary of expected benefits:

• Customers can directly interact with the
system. They can define their case-by-case
specifications that are unique or have engi-
neered-to-order content. The customer di-
rectives are then translated into functional
constraints by the system and eventually re-
sult in the manufacturing of specialized
product that a specific customer needs.

• Tying together the multitude of heterogene-
ous and geographically dispersed computing
systems as well as multidisciplinary design
participants.

• Involving suppliers/vendors in product de-
velopment and virtual prototyping of prod-
uct.

• Ability to design components and assem-
blies using a user-friendly platform.

• Ability to impose the multidisciplinary de-
sign preferences and constraints directly un-
der one platform

• Ability to perform design tests such as com-
putational fluid dynamic tests using third
party analysis package in a transparent
manner within the design platform.

• Providing domain specific design con-
straints in mathematical form for FAA, FDA
and OSHA rules at design stage instead of
consequently upon design completion for
chosen product domain.

• Ability to innovate products that customers
want and for which sourcing can deliver.
This allows multiple enterprise constituents
and customers to participate on a real time
basis during product design -- thus islands
of knowledge can be effectively brought to-
gether on a global basis under one platform.
This guarantees that supply-chain decisions
are incorporated in the design process.

• Faster time to market.

A networked research centers will also:
• Provide unique opportunities in research

and education which provides engineers
with state-of-the-art training that is currently
unavailable in integrated web-based product
design and realization.

• Develop and manage a decision making
structure that brings together capabilities for
critical analyses and enables support for ap-
propriate research activities.

• Develop, manage and distribute financial
support for appropriate research.

• Disseminate the results of sponsored re-
search to the mechanical products industry.

• Bolster academic institutions by maintaining
the organizational means through which the
private and public sectors can identify and
support pertinent research challenges.
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