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Abstract - Historically, many Japaness manufacturing com panies have ndependently
developed m anufacturing technologies such as advanced processes and equipm ent, m ethods
of analyzing m anufacturing phenom ena, and production m anagem ent and quality control
system s, which m aintain the com petitiveness of product developm ent and production .M ostof
these com panies are begihning to recognize the in portance of collaborating w ith unversities,
where advanced technologies and m ethodologies are researched, as a way to adapt to the
short lead-tim e requirem ents for ressarch and developm ent in m anufacturing technology.
Because of them any challenges to the success of joint research, the anticipated results are not
alw ayscbtamned . In thispaper, key factors for the success of industry-university collaboration
T the m anufacturing technology field are discussed by dem onstrating actual successful cases
carried outby Toshiba and the University of M aryland.

I. NTRODUCTION

Tn Japan ‘s high-grow th era, m any Japanese m anufacturing industries ntroduced technologies for
product developm ent fiom advanced companies in Europe and the U S. [1] These industdes
efficiently realized and produced new products by developing m anufacturing technologies such as
advanced manufacturing processes and equipment, methods of analyzing manufacturing
phenom ena, production m anagem entand quality control system s. The com paniesgrew as a result.

H isorically, these technologies have been developed independently. Japanese com panies
believed m anufacturing technologies w ere one of Japan’s stengths, and thatby developing them on
theirown they w ould m aintain productdevelopm ent and production com petitiveness.

However, today most of these companies are begihning to recognize the inporance of
collaborating w ith universities that research advanced technologies and m ethodologies as a way to
adaptto the shortlead-time R & D requirem ents In this area.

Because of many challenges to the success of jpoint research, the anticipated results are not
alw ays obtained. One challenge is the difficulty of finding appropriate researchers or labomatories
w ithin a university. Another is defining suiable research targets. M any m anufacturing com panies
are not sufficiently taking advantage of the expertise and know ledge of university researchers to
assist in determ ning suitable them es for joint research. stead, Joint research them es tend to be
determ ned from ideas conceived by manufacturing engheers. A third challenge involves the
difficulty of obtaining practical research results. University researchers are experts In m odel and
algorithm developm ent, but typically do not understand the details of mdustrial m anufacturing
technology. Therefore the m odels and algorithm s they develop do not encom pass all the necessary
factors needed for the results t© be readily useful n a m anufacturing environm ent. A s a result, the
m anufacturing com pany offen needs to gpend additional effort m odifying the research results
before they can be used.

M any research studies regarding industry-university collaboration were reported in Japan from



various view points, including the role of the university, TLO (Technology License O rganization),
entrepreneurship, contract, and nntellectual property R]-[F]. However, concrete m anagem ent
approaches for the mdusty-university collabomtion from the viewpont of manufacturing
technologies m anagem entw ere notdiscussed enough I these research studies.

T this paper, three key features for success of ndustry-university cooperation in m anufacturing
technology are discussed by dem onstrating actual successfill cases carried out by the Corpormate
M anufacturing Engineering Center (CM C) of Toshiba Comporation (Toshiba) and the Tsttute for
System sResearch (ISR ) of the University of M aryland (UM D ).The features are:

1) The w ay the Interdisciplinary organization of the ISR w ithin the University facilitates finding

appropriate researchers;

2) How concepts and goals are clarified to define effective them es for pint research ; and

() The strong and continuous com m unications betw een m anufacturing engmeers and researchers

II. HOW ISR'S INTERDISCIPLINARY ORGANIZATION W ITHIN THE UNIVERSITY
FACILTTATES FINDING APPROPRIATE RESEARCHERS

W hen they search for suitable universities for jpint research, m anufacturing com panies typically
contact peoplke they know fiom previous or pre-existing relationships or vestigate nfom ation
found in university-published papers, reports or w eb pages. O nce a potential university partner is
dentified, it is very Inportant for the m anufacturer t© be able t© connect w ith the appropriate
researchers. D Jalogue and negotiation are needed to es@blish crucial tin e and result param eters
that will benefit the company. However, companies typically find it difficult to meet the
approprate researchers orvisit their labomatories.

Tn this section, ISR ‘s nterdisciplinary omganization is presented as a way to faciliate finding
appropriate researchers. W e w illdem onstrate ISR ‘s activities, beginning w ith its nitial contactw ith
Toshiba.

A . Interdisciplinary organization of ISR

BR began In 1985 as a National Science Foundation Engineering Research Center [6]. ISR
com pleted its full funding cycle (11 years), ganed university nstitute satus along the way, and is
now fully self-supporting. ISR’s unigue system s engineering environm ent of interdisciplinary
research is com posed of researchers from five colleges and 11 units across cam pus, allow Ing ISR to
bring togethera w ide varety of team s that can address the needs of com panies.

IBR 's Industry parmership strategy seeksm utual benefit and w ork on topics of stategic priority
both parties. ISR presently works w ith about 35 com panies on a varety of topics. However, it
em phasizes deeper and broaderpartnerships w ith a select setof com paniesw ell aligned w ith ISR t©
benefit from highly cross-disciplinary, system s-oriented R& D .

ISR suppotts this strategy by em ployng a process of 1) understanding the custom er W hatare the
custom er’s needs, nterests and omganization? W hat do both faculty and the com pany want? W here
are the collaboration opportunites?]; 2) getting the right people together to define the parmership
and collaboration opportunities, ncliding costs; and 3) selecting the best bushess vehicle t©
In plem ent the partnership.

In addition to this process, ISR’s structural agpects help industrial partnerships to become
established. A critical com ponent is to have a saff position dedicated to building relationships, as



other have also cbserved [7]-[9]. This saff m em ber cadlyzes, faciliates and ntegrates all the
necessary elem ents and w orks to understand the needs of com panies. lh collabomation w ith ISR ’s
D irector, the staff m em ber dentifies the m ost appropriate ISR regearchers across the cam pus as
candidates for collaboration . This is a w eloom e source of coordnation forboth com panies and the
faculty, assisting to create parmerships on topics of m utual nterest. The s@ff m em ber provides a
“one stop shoppng” service forboth the com pany and the faculty and w orks across technical, legal,
and business dom ains. The staff m em ber nvolves the appropriate faculty; university adm nistation
and legal staff; and ndustry technical staff and m anagem ent as needed In order to help form and
m aintan the partnership . Figure 1 pictorially show s these relationships and nteractions.
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B .Application to nitalcontact from Toshiva CM C

Toschiba CM C sewves a gwoup of busihess and product units in the com pany. Recognizing that
Toshiba is a technology-centric, hardw are-ntensive culture, CM C made a stategic decision t©
understand and adopt more inform ation-centric approaches to technology developm ent and
particularly t m anufacturing system s. To broaden its perspective in inform ation and system s areas,
CM C sought extemal parmers, partcularly university researxch groups with nsight nto
system s-aided m anufacturing system s.

Toshiba CM C contacted the University of M aryland in the summ erof 2000 through a pre-existing
relationship @CM C leaderhad been a sudentof University of M aryland PresidentC D .M ote).

From this nibal contact, ISR w as clearly identified as a repository for cross-disciplinary system s
research and engineering skills and their application t© m anufacturing [10].CM C decided t© hold
m ulti-day m eetings w ith ISR for discussions of the salient concepts, scope, and research expertise
needed to fom ulate and in plem ent key com ponents of its strategy. ISR ‘s dedicated saff m em ber
gathered faculty whose research encom passed areas such as operations research, optim ization,
modeling and smmulation, sensing and contol, and software engheering. These faculty had
experience M applying their research to electronics m anufacturing, m anufacturing logistics, control
system s, and chem ical engneering. This Interaction was a superb opportunity to think about and
evolve a lawger picture n significant depth, stm ulating enthusiasn on both sides along w ih an
appreciation of the individuals mvolved.

Table 1 show s the summ ary of the technology m anagem ent approaches that are indicated 1 this




section.
Table 1 :A pproaches and applications forfinding appropriate
researchers or laboratories in universities

Challenges to Approaches for Applications at CMC and TSR
collaborations overcoming the issues
ISR dedicated staff member

catalyzes and facilitates

Difficulty in finding

: Interdisciplinary partnership
appropriate researchers Lo .
or laboratories in organization of units
Universities within the university CMC meets with researchers from
different disciplines within the
university

. CLARTFYING THE CONCEPTAND GOALSTO DEFINE THE THEM ESOFJOINT
RESEARCH

The second feature of successfiil ndustry-university collaborations is to clarify the concept and
goals and define joint research themes. Again, we w ill descrbe the actual activities of Toshiba
CM C and UM d's ISR .W e begi by discussing the needs of m anufacturing industries.

Because manufacturing technology is a field of process Inmovation, it should use various

technologies and approaches t solve issues in product developm ent and production. H ow ever,
m anufacturng ndustries tend to determ ne joint research them es based on ideas conceived solely
by manufacturing engmeers. Because the mamn mission of manufacturing engineers nvolves
developing and producing high-quality products ata low costand w ith high productivity, they tend
to think about in portant processes, approaches, system s and equipm ent which could improve
m anufacturability or product perform ance, reduce cost, or provide some combination of these
factors. This ndependent approach of defining joint research themes based solely upon the
m anufacturng engineer’s perspective does notbring the greatest benefit to the com pany'.

Ihdustry-university cooperation allow s both sides to share know ledge and experience. For the
partnership to be successfuil, it is in portantat the outset to ointly define projects thatboth m eet the
needs of the com pany and are ntellectually stm ulating t© faculty [11].

A . C larifying the conceptto define jpint research project candidates

Tochiba CM C found that clrifying is manufacturing technology concepts was essential n
stim ulating ideas from university researchers.

To begin discussions, Toshiba CM C mtwoduced their new ‘D igial M anufacturing OM ‘g)”
m anufacturing technology concept- a m ethodology that uses explicit know ledge and inform ation
technology (IT') t m nin ize losses of quality, cost and lead time I product developm ent and
production [12]. In the DM ‘g framework, six subjct frames are defined to efficiently apply
technologies and m ethods to actual activites.

Figure 2 show s w here the six subject fram es are applied along the tw o axes t© represent product
developm ent and production work flow . Each subject fiam e connects sequential processes along
the tw o axes w ith digital data and mfom ation. A fier introducing this conceptand its fram ew ork t©
SR faculty, Toshiba CM C explamned the technologies and system s of each subject fram e cunently
T developm ent.



A flerextensive discussion, ISR faculty proposed

arevised DM ‘g fram ew ork Figure 3) and useful

technology based on their research, ncluding w eb applications, decision-m aking tools OM T) and

visualization tools.

This resulted In Toshiba CM C proposing som e candidates for jont research thatw ould fitthe

proposals and ideas generated by the ISR faculty.
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B . C lardifying the goals to determ Ine concrete them es or jont research

A greeing on goals is another In portant step in determ ining a joint research them e. &k is especially
crucial that issues Inportant o the m anufacturing com pany are clarified at this sege. Here we
describe a successfiil m ethod Toshiba CM C and ISR used to determ ne the jpint research them e of
a “geam less production system ,” which is one of the DM ‘g subjct fram es described above. Ik
realizes the seam less transfer of data and mfom ation from planning and sales to production as
shown In Figure 4. Toshiba CM C m anufacturing engineers determ ned the item s needed for this
system based on the ISR ideas and proposals generated during the DM ‘g concept clarification
m eeting . They recognized that one requirem ent w as useful tools for solving com plicated decisions
and defined creating usefulDM T as a goal fora jpint research projct. They analyzed where DM T
would be required In the seam less production system and designed the basic logic of DM T. This
step helped the ISR researchers considerhow their technologies and m ethods applied to the tagets
of the joInt research candidate projct.

Finally, CM C and ISR agreed to jointly research the DM T identified as “A dvanced Available To
Promise @-ATP)” [13, 14]. The second year follow -on project was ttled “Production Capability
Planning (PCP)” [L5] and the year three project was “Production Loading” [16]. A 1l three have
produced useful results forToshiba CM C .
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Table 2 : A pproaches and applications fordefining suitable research targets

Challenge.s to Apprp aches for Applications at CMC and ISR
collaborations overcoming the issues
CMC introduces the Digital

Manufacturing concept and
stimulates feedback from faculty
which allows CMC to propose
candidate joint research themes

Clarifying the concept
and goals to define the
themes of joint research

Defining suitable
research targets Clarification of the joint research
goals was achieved through the
Seamless Production System
theme, a component of the Digital

Manufacturing framework.

IV. STRONG AND CONTINUOUSCOMM UNICATIONSBETW EEN M AUFACTURING
ENGINEERSAND RESEARCHERS

University researchers typically develop models and algorithm s that descrbe detailed
fundam ental phenom ena and m ethods 1n addition to gpecific applications. G eneralized phenom ena
and m ethods are useful for w idely applying the results of the work. How ever, the m odels and
algorithm s of m any joInt research activites are difficult to use directly In actual m anufacturing
activities because university researchers typically do not understand all the necessary details of
ndustrial manufacturing technology. This creates a need for significant improvem ent of the
research results atm anufacturing com panies priorto utilization.

Stong and contihuous communications between dustrial manufacturing engineers and
university researchers is necessary to overcom e this problem . M anufacturing engmneers know the
actual com plexity and details of m anufacturing activites, and they can describe these to faculty so
the joInt research can encom pass these factors as they develop theirm odels and algorithm s.

In this section we chow management approaches for developing an environment where
m anufacturing engineers of the com pany and university researchers can com m unicate strongly and

continuously. One of these approaches nvolves building relationships by m aking a parmership
contract. The other approach includes sending m anufacturing engineers to university labomtories
for face-to-face com m unications w ith university researchers [7].

A's described In sections 2B . and 3 A ., several extended m eetings and discussions w ere held
betw een Toshiba CM C saff and ISR faculty and adm inistation to dentify specific opportunites
for jpoint collaboration. Follow ing the ISR process for form ing parmerships described In section
2 A ., itw as then appropriate to select the bestbusiness vehicle to In plem ent the partnership.

ISR proposed, and Tochia CM C agreed, to partner w ith ISR as a Susaining M ember n ISR ’s
hdustrial A ffiliates Program . This vehicle puts a stong bushess agreement n place. The
agreem ent defines the term s and conditions of m em bership, the annual dues am ount, and describes
the process and rights for publications and ntellectual property resultng from the jonnt research.
This took considerable tim e to com plete, but through a dedicated effort, plus flexdbility from both
Toshiba and the university W orking w ithin theirown constraints), plus reasonableness and faimess



during the business agreem entnegotiations, w e w ere able to successfully accom plish this tadk.

A portion of the m em bership dues are allocated to the specific pint research projects. A plan was
created to dentify two to three key areas per year for collaborative research and to send Toshiba
m anufacturing engieers t work In ISR 1esearch groups for periods of 6-12 m onths in each of
these areas.

Two Visiting Scientist Toshiba engieers are working In ISR at most times. These Visiting
Scientists m antan regular contactw ith theirToshiba CM C m anagem ent, w hile w orkIng as full and
valued m embers of their regpective ISR faculty research groups. The Visiting Scientst vehicle
provides daily opportunities for continuous and strong comm unication, allow ng the industrial
m anufacturing engineer to fillly describe the key elem ents of m anufacturing activites so the faculty
can ncorpoate these item s nto the research project. Tkalso provides an environm ent to understand
each other better, which leads to identifying additonal research projects that address real-w orld
issues and are mtellectually stim ulating to university researchers.

Technology transfer is a continual process. The active engagem ent and hosting of V isiting
Scientsts at ISR Increases the probability of developing useful research results, provides a strong
vehicle to ensure the use of the research results in Toshiba applications, and supports m ore =Epid
technology transfer.

Table 3 : A pproaches and applications forobtaning practical research results

Challenge.s to Aper) aches for Applications at CMC and ISR
collaborations overcoming the issues
Strong and continuous Environment developed where
Difficulty of obtaining communications CMC engineers and ISR
practical research between manufacturing | researchers can have continual
results engineers and face-to-face interactions (Visiting
researchers Scientist Program and contract)

5.SUMMARY & CONCLUSION

This paper focused on the issue that ndustry-university collaborations do not alw ays obtann the
anticipated results because of the many challenges t© success. Successful ndustry-university
ocollaborations betw een Toshiba and the University of M aryland were dem onstzated by adopting
three key features: interdisciplnary omanization of ISR wihin the University for finding
appropriate researchers, clarifying the concept and goals to define effective themes for joint

research, and stong and continuous communication between manufacturing engineers and
researchers.

In the first feature, the nterdisciplinary organization of ISR w ithin the University for finding
appropriate researchers w as described . The existence of the ISR dedicated saff m em ber did much
to cadlyze and facilimte the parnership. Tk w as egpecially helpful for the m anufacturing com pany
to m eetw ith the best researchers from several different disciplines w ithin the University.

The second feature, clarifying the concept and goals to define effective them es for joint research,
had tw o steps. The first step w as clarifying the conceptas a strategy of the m anufacturing com pany
for stimulating ideas fiom university researchers. Toshiba CM C succeeded In triggering the




creativity of ISR faculty by mtroducing the concept of YD gital m anufacturing” as their new
stategy for m anufacturing technologies. CM C obtained several usefill ideas which led to the
generation of the candidates for joint research. The second step was t© clarify the jpint research
tagets, t help the university researchers consider how their technologies and m ethods could be
applied t© these goals. The successfiil application of this m ethod was dem onstrated through the
them e of a “seam less production system ,” a component In the digial m anufacturing fram ew ork.
Tochiba CM C and ISR determ ined appropriate them es for joint research projects by adopting this
feature.

The third feature em phasized strong and continuous com m unications betw een m anufacturing
enghneers and researchers. Developing an environm ent where manufacturing engmeers and
university researchers could hold face-to-face communications was accomplished through
developing a partmership contract and allow ing m anufacturing engineers to work daily m ISR
research groups forextended periods of tim e.

Strong and continuous com m unications helped overcom e the issue that the results of m any joint
research projects are difficult to use directly n actual m anufacturing activites. This approach
allow ed Industrial m anufacturing engieers to fully describe the key elem ents of m anufacturing
activities, so the faculty could incorporate these item s nto the research projects. The outputw as the
application of the jpint research results nto Toshiba actualm anufacturing system s n a shortperiod
oftime.

Ttisnoteasy to realize successes In hdustry-university collaborations because of the differences
T the purposes of universities and m anufacturing com panies. The greatest benefit can be achieved
through Integrating advanced technologies developed In universites with the lamge varety of
technologies in a m anufacturing system . The features presented in this paper are useful technology
m anagem entm ethods thathelp achieve successful parmerships.
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