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l. Abstract

The objective of this peper is to present an innovative product-oriented manufacturing
curricllum and enhance manufecturing degree programs a the Universty of Missouri-Rolla
(UMR) and &. Louis Community College a Horissant Vdley (FV). This project will
donificantly impact UMR’s two BS degree option programs in manufacturing and MS degree
programs in manufacturing, and FV’'s manufacturing engineering and technology programs. We
will egstablish an integrative and collaborative manufacturing program to reinforce and sharpen
criticl competencies of sudents. The centerpiece and uniqueness of this program will be a
senior-levd, two-semester capstone manufacturing project course that will provide students with
the experience of integrating busness and engineering kills toward rapid, distributed product
redizetion, and a 2-plus-2 aticulation befween an AS degree Manufacturing Engineering
Technology program to a BS degree Manufacturing Engineering program. The term
“digributed” is used to emphasize tha the student team is expected to use facilities that are
digributed a manufacturing laboratories on the UMR campus, FV campus and fecilities of
outside vendors and suppliers. This project course will aso provide students with the experience
of integrating the technica knowledge they have learned from various other courses. The project
highlights indude:
. Integration of business and enginesring skills® through a two-semester, team-based

capstone manufacturing project course,

Development of a distributed product desgn and manufacturing environment including a

redigtic supply-chain network,

Development of modular courseware to support the capstone design project,

I n-depth understanding of product quaity and manufacturing process control,

Implication of various decisons such as makebuy, purchasng, vendor sdection on the

bottom line, and

Devdopment of an enhanced 2-plus-2 program between UMR and FV. Students in

enginesring and technology will be working together on joint industrid projects® and

faculty will be encouraged to exchange activities such as conducting seminars and

manufacturing workshops.
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Il. Background

The present era of customer-driven global competition, a consequence of lowering the barriers to
the movement of goods, services and technology across the world in the last decade, has
profoundly transformed U.S. indudry. Although this transformation has not been uniform across
al industry sectors, this new regime has imposed a culture of continuous change on corporations
tha need to reman globaly competitivee  Such corporations have to identify their core
competencies and drive to be "world-class” The new paradigm of continuous change and the
globa imperdtives for flexibility and agility have generated a need for enginesring graduates
who can migrate from one discipline to another, who are sendtive to non-technica issues, and
ae prepared for lifdong learning, and whose job functions may change many times over ther
caeer. The demand for such flexible and "evolvable' engineering graduates poses major
chdlenges for the nation's engineering schools.

At present a dgnificant discrepancy exigs between the skills taught in universities and those
needed by U.S. industry to succeed in the era of globa competition. The mgor pat of the
problem rests with American engineering schools because they have not been directly exposed to
the rigors of globad competition. Arguably, in terms of their core competencies (deivery of
undergraduate and graduate education, research, and development) U.S. engineering schools
reman fird-class in any globa competition. However, engineering schools need to take more
serious geps for change in order to peform more effectively their functions as suppliers of well
educated personnel with the attributes desired by world-class corporations. The problem of the
deficiencies between <kills taught and those needed in indusiry has dready been identified by
vaious nationa organizations and ag;enaes who ae advocating a variety of reforms and
enhancements in engineering education,® = 4 > ¢ 9. 10, 11,18

The Society of Manufacturing Engineers recently conducted a workshop for industria and
academic leaders to review and identify the criticl competency gaps for improved training of the
future-manufacturing  workforce. Among which business knowledge/skills, international
perspective, project management, communication, problem solving, and teamwork were
identified as professond competency gaps. Supply chain management, specific manufacturing
processes, manufacturing process control, manufacturing systems quality, materials,
product/process design, and engineering fundamentals were identified as technicd competency
gaps. We a UMR and FV, dong with the support of indudrial partners and the State of
Missouri, are working to develop our manufacturing curricula to close these gaps.

[11. Proposed Approach

The proposed program is developed around a capstone design and manufacturing project
course and the development of the program includes the following tasks:

Devedoping a two-semester long, capsione desgn and manufacturing course for senior
gudents. This course will be developed and coordinated by the UMR Manufacturing
Engineering Education Progranm (MEEP). In this course, interdisciplinay teams with
dudents from various engineering and technology disciplines will cooperate to design,
manufacture, and assemble a red-life product. Ther cusomer will be a sponsoring company
that is interested in prototyping a product or process, or in testing a new product or process.
In case the produced product is a prototype, the student team will have to develop marketing
and manufacturing plans for quantity production.
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Integrating Didributed Manufacturing Facilities To facilitate the aove mentioned capstone
desgn and manufacturing course, exising campus resources will be integrated so thet
dudents can produce a product usng multiple manufacturing processes.  Various campus
maenufecturing  process  laboratories, incdluding casting, wedding, machining, forming,
molding, rapid prototyping/rapid tooling, and dectronic fabrication will be organized and
coordinated. These labs will be coordinated so that laboratory assstants will be trained and
scheduled and students working on capstone projects can receive help from these assstants.
Modular Courseware to Support the Capstone Course: We will develop modular courseware
to support the capstone design course.

Active Mechanisn for  UMR/FV-Industry Partnerships We will continuoudy work with
industridl partners to solicit red world case studies for the capstone course.  Our students will
be recruited by the partner companies to gain co-op experience. This experience is likely to
lead to a capstone design and manufacturing project with the sponsoring company.

V. Interdisciplinary team-based capstone project cour se

The proposed two-semester capstone project course is a truly interdisciplinary team-based course
a UMR. UMR senior sudents in manufacturing options, students with minors in manufacturing,
and FV dudents in the associate degree program will participate in this course. Students in the
UMR MS program will actively participate in the project as part of ther practice-oriented credit
requirement.  This capsione project course will take advantage of the manufacturing options
being offered in both the Mechanicad Engineering and Engineering Management departments. It
is intended to smulate the modern indudtria product development and manufacturing process in
which engineers from various disciplines ae working together, and each team member
contributes hisher expertise to accomplish the project.  Students from various disciplines will
enroll in this course. For example, as shown in Figure 1, sudents in Mechanica Engineering will
have a background in product configuration/definition/ andyss, process development, and some
manufacturing proceses, while sudents in Enginesring Management will have knowledge in
marketing/cost andyds, quaity engineering, and project management. They will be working in
teams with expertise to perform concurrent product design and manufacturing.

Marketing
Product .
configuration Codt ana_iyss
S Accounting
Definition :
) Project
Andyss
management
Manufacturing Qudity
processes / enginesring
Process - Process
development planning

Figure 1. Disciplinesof Studentsin the Team-Based Capstone Projects
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The dudents in each group will be led by an indructor in manufacturing. Common web-based
training modules will be provided in each cgpstone course to provide the students with sufficient
bass to work as an integrated product development team. Although most of these courses are

avalable as dective courses, common web-based modules will ke developed and made available
to students.

V. INTEGRATED AND DISTRIBUTED PRODUCT REALIZATION

One unique feature of the capstone project is the distributed product redlization that ties together
product redization process and supply chain management. Mary of the experiences of the
product redlization process concurrently gained by students are severdy limited by the types of
manufacturing processes avalable at their universties.  Also, it is unredidic to expect that every
inditution will be equipped to handle a broad range of “red-life’ products used for product
redization projects. Faced with this dilemma we have addressed the problem of limited
manufacturing capability of any educationd inditution by adding the supply-chain dimenson. In
other words, we are proposing a distributed product redization modd that can be replicable a
other inditutions The word “didributed” means that the manufacturing capability that is
avalable a the disposd of the student team is distributed a (1) the home ingtitution, (2) catalog
pat suppliers and vendors available through the internet and/or catdogs, and (3) job-shop
vendors and suppliers who accept designs from clients before quoting. The distributed product
redlization modd is described further in the next section.

Didiributed Product Redlization Model

The digributed product redization mode that will be employed is depicted in Figure 2. The
Sudents will be able to use the various manufacturing facilities a8 UMR and FV. Additionaly,
the students will have access to the compodte manufacturing facility a Lemay Center in S
Louis. Students will have access to the Internet, handbooks, and catdogs to procure parts.
Furthermore, students will also have access to a sdected list of vendors/suppliers (with varied
degrees of manufacturing process capability) who would supply quotes based on the design
drawings supplied by the student team.

Scenarios

Based on product complexity, the student team will be provided with the gpproximate percentage
of pats and pat types that can be manufactured in-house a UMR, procure “off-the shef”
components from cataog vendors, or request bids for some of their component drawings with
vendors and the FV campus. Based on this information, the student team will be responsible for
developing an efficent and cod-effective supply-chain framework for their product. Through
this scenario, we will be able to provide students with the experience and “know-how” of the
tacticd advice on developing effective logigics operations and unique indgght into the operating
environment for sourcing and procurement. For example, students can produce a product by
making parts in-house, working with a vendor to produce a plastic or composite component, or
matching and integrating with an ordered motor through the catdog.  The integration,
management, and communication involved in the process will be a meaningful experience for dl
the sudents and faculty participating in the project.
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Figure 2. Distributed Product Realization Model

VI. M anufacturing curriculum and labor atory Development

The proposed red-life capsone project will ggnificantly impact our exising manufacturing
curriculum.  One direct impact is on the inadequate process capability and qudity of some
exiging manufecturing laboratories.  Thus, further enhancement of these key laboratories is
necessary.

One issue to be addressed is related to the nature of the interdisciplinary team. In this
interdisciplinary team effort, a sudent team will work like a real-life team in indugtry with
various combinations of team members, and each member’s background can be different. For
example, we found that esch team with Sudents from the manufacturing option programs in
Mechanicd Engineering and Enginesring Maregement can sufficiently cover the backgrounds
described in Figure 1. Therefore, the team will be adle to function effectively. However, we
believe it will be beneficid and effective to let each member learsn some common basic
knowledge so that the students do not need to learn about a team project starting from scratch.
We propose to use multi-media modular courseware to enable the students to learn this common
knowledge. It will be web-based and/or video-based so0 that students with different backgrounds
can learn the materia a their own pace. Therefore, the objectives of the course and |aboratory
development effort include:

Enhancing manufacturing process courses and laboratories related to the proposed capstone
projects
Deveoping and integrating modular courseware to support the capstone project.

Enhancement of Manufacturing Process L aboratories and Courses

The proposed manufacturing process laboratory and course enhancement will implement the

following:
Incorporate  manufacturing process control  concept into each course for gpecific
manufacturing processes. For example, in the machining process, exiging facilities will be
further developed to introduce machine tool metrology, assessment of machine tool accurecy,
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collection and andyss of manufacturing data, and use of design of experiments to andyze
the data This will give the students the required hands-on training and experience and will
enable them to edtablish quantitative relaionships among material properties, processes, and
the various process variables that govern the qudity, productivity, and cogt of the
manufactured product. Thistype of experience ismissing in the present course structure.

Make a concise multi-media web-based module to introduce a specific process so that
studerts in the cgpstone project can use it as a reference in optimizing the product redization
process. The developed laboratory experiments will be documented as a laboratory manual
in multi-media format.

Incorporate computer modeling and simulation of each process to provide in-depth
understanding of each process and on-line accesshility to students so that they can have
some level of understanding of each process even if they do not have previous experience.
The avalability of PC-based modding and smulation packages provides an opportunity to
integrate the modding and smulation aspects of manufacturing in the conventiond courses.
This accesshility will introduce the dudents to the latest tools available to industries and
prepare them for innovations in manufacturing processes.

Modular Coursaware to Support the Capstone Project

We will adapt, develop, and implement modular courseware to support the two-semester
capstone desgn course. As mentioned previoudy, this project-oriented course will be
multidisciplinary.  We redize tha dudents from diffeeet disciplines will have different
technica backgrounds. However, if they have to work effectively in a team, there needs to be
some common leve of knowledge (especidly where the integration of sudent know-how
occurs). We propose to adapt, develop, and use multimedia modular courseware to enable the
dudents to effectively communicate with each other and execute the project. The courseware
will be web-based and/or video-based; specid attention will be paid to make sdlf-paced student
learning occur. As part of the background work, we have looked a severd projects that are
amed a reforming the undergraduate design and manufacturing engineering curriculum.

The ones most relevant to the present proposd include the following. 1) The Product Redlization
Consortium funded by NSFH/TRP*; 2) The Project on Integrating the Product Redlization Process
(PRP) into the Engineering Curriculum conducted by a team of indudtrid and academic experts
organized by ASME International and supported by NSF'% 3) Undergraduate engineering
education projects such as SYNTHESIS Codition™® and SUCCEED (NCA&T)* funded by NSF;
4) The Multimedia in Manufacturing Education project a Georgia Tech’; 5) The Best
Manufacturing Practices (BMP) program sponsored tz)ly the Office of Nava Researct’; 6) The
Stanford Globa Supply Chain Management Forum™®; and 7) North Carolina Consortium for
Logistics Education® funded by NSF.

The course modules from the above-mentioned resources will be adapted and integrated
to support the capstone project course. They will be sdf-contained, with practicad examples, and
fully accessble to students through the web and/or video. We expect that each course module
will take 5 to 15 hours to learn depending on the complexity of the subject. The modules that we
plan to adapt and implement for the capstone course are shown in Table I1. They include;

1. Teambased product development module: including the basic concept of concurrent
enginesring, i.e, how engineers work together in desgn, manufacturing, and marketing, and
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how to form teams and work with others with different technica backgrounds to achieve
project success.

. Project management module: including basic project management, such as how to define
project objectives based on customer requirements, TQM (Tota Quaity Management),
project planning and scheduling, and decision making.

. Supply chan management module  covering important issues relding to the design,
development, and performance messurement of a supply chan network that include
make/buy decison, how to sdect catdog pat suppliers and vendors, and job-shop vendors
and suppliers who accept designs from clients.

. Product marketing and cost andyss module including product market survey, definition,
cost andysis, and actud sdlling of the product.

Product assembly module including how to put pats together, and its impact on
manufacturing processes.  This knowledge will be required for projects involving multiple
components to form an assembly.

. Manufecturing case library: Each capstone project team will be required to document their
project through a multimedia presentation and report. A library collecting these reports, to be
maintaned by UMR's MEEP, will be avalable for other students to learn about the project’s
hisory. Successful or not, each case represents a valuable experience to be shared with
others. Thislibrary will aso be accessble to other ingtitutions through the Internet.

Course module Adaptation sour ces Effortin Delivery | Module
(references) the method(s) | Learning
adaptation Time
process
Team-based product 13, 16 Medium Web, 5 hours
development video
Project management 13, 16 Medium Web, 5 hours
video
3,814
Supply chain management High Web, 15 hours
video
Product marketing and cost 13 High Web, 10 hours
andysis video
Product assembly 13 Medium Web, 15 hours
video
Manufacturing case library 7 High Web 10 hours

Tablell. Adaptation and Implementation of Course Modules

VII. Partnershipswith Industriesin the State of Missouri

Students will be given red-life projects based on manufacturing processes and will be
required to andyze unit steps and suggest possible innovations. Many industries have indituted
worker incentive programs that seek suggestions for product and process improvement. We
would like to introduce this concept in the classsoom to train young minds to ‘think differently’
and implant the seeds for them to become future process innovators.
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At present there are ten members in the Indudtriad Advisory Committee of UMR MEEP. The
Boeing Company in S. Louis, Misouri; Briggs & Stratton, Rolla, Missouri; Caterpillar Inc.,
Peoria, Illinois Generd Motors, Inc. Lansng, Michigan; Honeywdl, Kansas City, Missouri;
Lemay Center for Compostes Technology, . Louis, Missouri; Mid-America Manufacturing
Technology Center (MAMTC), Ralla, Missouri; Olin Corp., &. Louis, Missouri; SME &. Louis
Chapter 17; and Visteon Automotive Systems, Dearborn, Michigagn The members expressed
ther srong support for the proposed new manufacturing engineering curricullum and  their
interest in working with us to develop this curriculum. In addition, advisory board members of
FV's program will dso be invited to participate in this program.

VIIl. Conclusion

This project is being implemented a& UMR and FV. The cagpstone project course is structured

0 that its forma conforms to the participaing inditutions basic requirements and that existing
resources such as faculty and technician support can be fully utilized. Although the proposed
project is currently amed a curricullum development for undergraduste sudents with
manufacturing options and manufacturing minors, many of the course modules will be made
avaladble to other programs in  manufacturing, including digance-learning education for
engineers in industry. We believe the proposed approach will have excelent potentia for
replication by other inditutions. The following have been identified as good opportunities in
terms of replication potentid:

1) This proposed effort will integrate the existing campus manufacturing resources and those
avalable from indudries to provide didributed manufacturing experiences for students. The
collaboration between UMR and FV will integrate engineering and technology to solve red
problems in industry. We plan to use this experience to work with other locad community
colleges to enhance the manufacturing program in Missouri.  This model can aso be adspted
a other inditutions that have limited manufacturing process facilities.

2) The interdisciplinary team-based format for cgpstone course will be very different from the
traditiona senior design projects in which most students have smilar technica backgrounds.
An interdisciplinary team will provide the students with the experience of solving a problem
usng vaious team members expetise  This will be an excdlent modd, which can be
replicated by other ingtitutions.

3) The proposed capstone project course, which provides opportunities for students to design,
manufacture, and actualy market a product, will be adle to gimulate Sudents interest in
real-world product redization. Business knowledge and skill will be naturaly incorporated
into congderation in sudents design and manufacturing.

4) In the traditiond engineering curriculum, manufacturing process, cdasses ae normaly
separated from qudity control classes. However, it is important to let students learn about
how to measure variations, understand process capability, and control the processes. This
proposed program would use a systematic gpproach to include process control into various
processes. This approach will provide more in-depth knowledge to students when process
control is introduced in each specific manufacturing process  Each process will be
documented into web-based multi-media coursawvare as a reference for Sudents in the
capstone class. It will be dso avallable for dissemination to other indtitutions for replication.
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