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Abstract: Keeping “the Japanese Strength” in digitizing thecgss of product
development is important for the Japanese industrysurvive in the
intensifying global competition of market. This papesearches about the way
of building a comprehensive PLM system based oe Ehgineering Process
Integrated Architecture (EPIA)" to realize it bykitag up actual cases. The
system, based on integrated database, consistetayrates the whole process
of product planning, development and design, martufang preparation,
production, purchasing, sales, service and maintmaand it enables the
mutual cooperation of the information of PLM/SCM/CRM.

Keywords: Product Development Process, 3D Digitization, Desiagnd
Manufacturing, Product Design Architecture, Orgatianal Capability,
Process Optimization, Product Globalization, CAD, CRBM, BOM, PLM

1. Introduction

Keeping “the Japanese Strength” in digitizing thecpss of product development is
important when a PLM system is built. If you lookthe characteristics of product
development in terms of "product architecture”, tmm@acturing organizational
capability" and "design and manufacturing proceis’§ necessary to connect them
based on the ‘"digital date
standards" in the PLM systen Domainof theJapanesestrength
construction. Among them, the
strength of Japan, in particular, i o,-te-spot ve. conceptual
in a tight connection with the Fe®itvveRidy
"manufacturing  organizational
capability" and "design and
manufacturing process"”, andt
has a feature that allows fo
flexible system operation. (Fig.1 .
[]_], [2] Closed vs. Open

In this paper, based on takin
up actual cases, we study

Integration vs. Division
Teamwork vs. Specialization

Fig.1 Characteristicsof the product development
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comprehensive PLM system construction which integgraconsistently the whole
process of product planning, development and desmoduction preparation,
production, procurement, sales, service and maamsn The system will become
important in the future, in the digitization of thoduct development process to
utilize the Japanese strength of industry, in therisifying global competition market.

2. Development history of the PLM system

2.1 To amutual cooperation system from a individual system

PLM systems that suppor

the actual business of produc

System Pattern Remarks
deveIOpment Was . fIrSt Sectional Ph“.s('l;:rdtu?lpg:t;mm)
constructed in the individual| mtsistion -One way from upsreum s

e e e Wew  wew  wew  wewe | downstream
work of each department.
Then, it has been built| pie o, T
consistently, from the desigr| . . ,Puu;""”m; —
and development work of the | Process ~Glowth Each
upstream process, in turr

. Mutual f’“\ “Integrate allover the compa

manufacturing  arrangements | ssctons Sl o% i A
production  process,  etc | ???? {Enatltothe feed-bck fom down
Among these, the system i:|Joree v.m..s.,,‘,_u,_n.,m....,.,m.
constructed as to allow _ _
cooperation between Fig.2 Growth history of PLM system
departments adjacent
individually.

At present, by globalization of manufacturing intluslocalized production and
purchasing has progressed, the needs to send thé ildormation to upstream
process is increasing. To respond to such neeés tias been seen such a case for
feeding back information to the upstream procesmfthe downstream process, by
building a system of mutual cooperation betweenin®ss, based on an integrated

database. (Fig.2)

2.2 Design concept of the
cooper ative system

In the intensifying competitive
global market, to take
advantage of the strengths c
product development of Japar
the spiral cooperation in the
design development anc
manufacture is the key, that i
made of not only a top-down
approach from the upstrean

DMx: Data Mangt for CAD/CAM/CAEgetc.,

EBOM: Eng BOM, PBOM: Process BOM, MBOM: Manuf BOM
PSI: Purchase Sales Inventry , MRP: Material Requirements Planning

[Dmx] [EBOM] [PBOM]

*Multi CAD Data *CAD/DMU

*Synchronous Release

[MBOM]

*Global Solution

Monitoring

Design

ozpera ion Integrated PLM

MB

*Multi Language
*Multi Currency
*Global Time

*Own Plants
(ODM/EMS)

T

Fig.3

Architectureof integrated PLM system
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process of Western thought but also made of a ietip approach from the
productionsite of Japan. In order to strengthen it, in thgitdi development of the
Japanese manufacturing industry in the futurehdtugd be aimed at to build a PLM
system by an architecture that enables the consistmjunction of information with

assembly process BOM and manufacturing BOM in tbergtream process along
with the control of CAD, PDM and design BOM in thpstream process. (Fig.3)[3]

3. Expansion into a comprehensive PLM system

3.1 The concept of a comprehensive PLM system

Up to the previous section, ¢
desirable PLM system has
been shown from the
globalization point of
manufacturing  preparation,
production and procuremen ————— )
process. In the future, the |
system construction which
hold the entire life cycle of a
product as CoNSiStent ProCes | Resesrch /Doveooment " purcrsig)
becomes  important for ———— = \_
promoting the ‘ o Faroer Kol ’
"manufacturing innovation". ScM
The system includes not only Fig.4 Engineering Process Integrated Architecture
the current process of desig
development, manufacturing preparation, productiad procurement, but also the
upstream process of the product planning, and thenstream process of sales,
service and maintenance. A design concept in tyé$em building, “Engineering
Process Integrated Architecture (EPIA)” is showiriG 4.[2]

Sales/Maintenance

Marketing

Faoities/Supplier

The representation put the
time axis within each
process axis is shown in
Fig.5. In each process axes,
depending on the progress
of each process, data
related to the product is
stored and updated in the
integrated database. Further,
the data linkage performed
by each arrow between
each process axes is also
; performed through the
> integrated DB. The data is

. .
i s

Fig.5 ProcessAxes& Datalinking of Each ProcessAxis feed-forward between the
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virtual process and the real process, and feed-hatke same. Similarly, the data is
feed-forward between virtual process and field pss¢ and feed-back as the same. In
order to perform the close communication betweearamizations involved in each
process, the Japanese "manufacturing organizatzapbility" is easily allow this
data linkage. The following describes the concspivhich in turn take up the actual
cases.

3.2 Cooperation with the manufacturing site infor mation and planning and
design infor mation (Data linkage between the virtual processand thereal
process)

By using a digital mock-up, feed-forward and feedtl to the design by the
production site information are performed by thside study of interference gap and
operability etc. and by the productivity study esambly and maintenance operation
and the like. Further, by using a simulation, ailsimfunction is performed by the
performance study of design strength and heattagsis and so on.

In the product development of Japanese comparhiisshas been done through the
teamwork of people at manufacturing sites and desig sharing information with
the drawings. Now, it came to be organized as ($&meous) concurrent engineering,
information cooperation by the system is carriet ou

In recent years, the case that production site dadign site is separated
geographically is increasing. Originally, innovatiof the product is realized based on
awareness by trial and error in the site of praduactby devising a new knowledge
through teamwork of design and production. In tewhgaking advantage of the
strengths of Japan, cases such as the followindesieable.

3.21 A caseof theautomotive industry

Toyota Motor Corporation says that new products rmad technology are born from
Japan with strong manufacturing site, high techgwl@nd a high-performance
material. Therefore, competitive edge is in the dstic plant. In order to deploy the
car of high quality into the factory of the world, enhance the technology to produce
low-cost in a short period of noteTablet Pc Production Case, Madein Japan
time, it is necessary to ]
Strengthen the mOther plant “ Product Planning \ Y A / Mother Board Productior
Japan (lwate Prefecture, etc. MJ% \ /\)M
TO dO SO, tO Cal’l’y Out bUSIneS Install Customer Spec }w [ = Prr:::llgl:xsi::em
as minimum, it is required Uparade Design Appearance
domestic production of 3 MJ»{ \)w

m | | | |O n un |tS | n the Sharing Mounting Parts| __| Minimum Machine Arrangement
Among Different Note PC / (little exchange of Parts set)

maintenance of the pyramic

- Environment | { Reduce Logistics Cost
structure of the domestic M )| mimcemad s

Improve Yield Rate

business. Request to Die change at Prototype Phase)
Desion Department | k&) """ of Mass-Production
\ CRefinement on Campete Die)

Fig.6 Synergic Effects of Development and Manufacturing Dept.

BTO Requirement
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3.2.2 Acaseof electrical precision industry

In the production of notebook / Tablet PC, in ortieisuppress the domestic labor
costs, Fujitsu limited promote automation (roboti€}he assembly process. Thereby,
synergy to co-exist manufacturing and productiorerapons, and design and
development is prioritized. (Fig.6)

3.2.3 A case of heavy machinery industry

The characteristic of production and developmenstesy of Komatsu is
coexistence of production and development depaittatesl plants. Thereby a strong
cooperation of both sectors is promot&tle key components that give a competitive
advantage to competitors are developed and manuégconly in Japan. There is a
mother plant in Japan in each product group, daitdory carries out the production
and development in a place close to the markas a result, the building-cost and
product quality, product development that meetatheket needs are carried out.

3.3 Sophigticated use of information in planning and design of upstream
process (Data linkage between the virtual process and field process)

3.3.1 Sophisticated product planning method

In recent years, with the progress of globalizatitve need of information required
in the planning stage of product development isdasing to include production,
purchasing and marketing from those around the ymiodo far, i.e. where to buy,
where to make, where to sell, where to make mohey to maintain? In this
respect, feed-forward and feed-back of informatmihmarket and services and
maintenance to the design and marketing has beomone important. The following
is one of the advanced cases of product planning.

3311 A case of

automotive —
industry -
A method  for “: J (e
determining the gt ]
procedure of product > } ol |
development 1 T Hel=
incor porating tacit Omamm|

knowledge from the

. Figure 5. Simplified product architecture matrix (Image,
upstream planning . s iy

(A) Prepare a matrix linked to the development phases.
(B)Focus on key specifications and tentatively define the

Technique to clarify the sub-set of items.
optimal product
development logic has

Quoted from reference[4]

Fig.7 Method of Defining Product architecture for Each Dev. Phase
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been developed by Nissan Motor Co., Ltie complexity of the product architecture
is assessed multilaterally by architecture analfysis the upstream planning stage to
downstream stage. And, implicit knowledge (know-how) of the design process
that veteran designers have is transformed to @xgtiowledge.[4]

As shown in Fig.7, the matrix of performancéems and specification items
(QFD matrix) that make up product architecturerepared in size in accordance with
the purpose of each development phase. In eaclte ptagietermine the ordén
which they evaluate the degree of influence peréoroe, specifications, and decide
by priority of having a large impact. At this timem efficient procedure is obtained by
sorting of logical priority, and also by weaving darhow that is based on past
experience. A consensus of the decision-makingach eohase including especially
difficult upstream processes is facilitated whitearporating the implicit intellectual
approach of Japan.

3.3.1.2 Acaseof electrical precision industry
White home electric appliances for emerging countries

In the Panasonic Corporation, volume segment ptsdaodhe global, are positioned
as strategic products in order to capture the emgipuntries, and are classified into
three categories. One is "leading global V" produntended to be sold to wealthy
emerging countries, the value-added products thatpapular in Japan and other
developed countries. The second is products tlgit fhead-to-head with other
companies in the main battlefield of the globalingsa common base model, expand
in multiple countries, it aims to increase markieare in each country. The third is
products developed by the idea of local marketyrder to capture the middle layer of
emerging countries.

Currently, Lifestyle . =
Research Centers an( . |gmeorert owars |

Supplier
equivalent  organization Te 1 E- oy PR ‘,.-
are established in five gl = L7 | e narmation P e

countries, that is China, | betamnge ooontion. » "
India, Brazil, Germany, |whuicows o .g o (—,,_,,,,t'

and Vietnam. A )
\ (O

mechanism has been buil l m...

to create a product : Dats it Galletion

equipped with the

| Support Center
‘Communication Parts/Repair Schedule
\ )

. . . . = ::::\
functionality required for Colect Machine formation S —
. . (Health Condition ,Operation Information) Collecting
different countries by | brOrerdMonionesysen Mechine w
visiting to the country site e 1o BB enes S

aCtua"y to Iinvestigate the Fig.8 Corresponding totheMarket by Utilizing Field Information
actual use.

3.3.2 Collaboration with field infor mation
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3.3.2.1 A caseof heavy machinery industry

Meanwhile, In Komatsu Ltd., there is the case thagice the more competitiveness
of the product by utilizing market information, gige and maintenance information,
when the product is used in the market. By havinguadeline of component
replacement and maintenance time through the gratfe actual usage in the market,
they take advantage of the collaboration with podidem and parts procurement, and
improve the quality of attractiveness by reflectorgthe design specifications during
product planning. (Fig.8)[5]

4. Manufacturing organization capability of Japan to support the
comprehensive PLM system construction

Here, the Japanese "manufacturing organizaticeaalulity” will be discussed. By
performing a close communication between orgarimati it allows in product
development in Japan, the tight linkage of datavbeh processes.

4.1 Characteristics of design information management in Japan

An overview of the differences of Japanese-styk® \Aestern-type is shown in Fig.9
regarding the management method of design infoomat product development.

In the Western method,

. . . Euro/US Japan
the information that is O, Comunication Style

determined by the design i Related - -
deployed by top-down in of
one direction to each | Dpesion/
relevant departments of the | Manufacturing

next stepln contrast, in the

Design _ -

~7 2
Co-0p
- @Corp
Information

t

s
o
/2 = ~{Production . —
- s

(i

methOd Of J apan’ thE ® Save and Manage the Result, ® Sharing, Early Showing Information
information which is Accurate and Properly e Importance of Face to Face
. . Purpose/ | ®Define Jobs by the Tool Communication
determmed by the deSIQn means (Exclude Irregular Operations) (Allow to use Tel and FAX in Case)
and is received feedbacl (Culture) | @IT Covers Responsibility for ®Your Job is Mine, Mine is Yours
i< Division of Work by Information (Deliver Jobs on the Way If Necessary)
from eaCh department’ I< ©:CAD ®:Information —:Flow ®:CAD ®:Information  —:Flow

deployed as the
information that has beer Fig9 FeatureComparison of Design Information Management
refined mutually in both

directions.

As shown in this figure, the management methodapad has good compatibility
with such as product development involving manytécal elements, and especially
with integrated products that require close codpmmaof the data It is because it
works by compromise, while allowing the ambigudapd incorporating the diverse
opinions of many stakeholders including the mantufang site.
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4.2 Characteristicsof organizational culture of Japan

And also regarding the organizational culture, aereiew of the differences of
Japanese-type and Western-type is shown in Fig.10.

As shown in the table, it

has the characteristics f Reflect to ICT Design Platform
focusing on more bottom-up \ Euro/US Japan
consensus in team play tha 1. Leadership | Strong *Speedy Decision :fl:id: Mgmbev'sSeIf—reIiance T
personal top-down <Aty Decision & D Visuave. Make Easy o Decide
|eadership_ Hence, as |2. riving Top  ."Aspire to the Total Best :-Consider All Member's Will oo
. . Approach Down . . +Tend to the Individual Best Up

men“oned above, tlght No Following Members [ Systemize Information Sharing
|inkage of data for managinc 3.E - ividual * EXhibit Individual Power : «Exhibit Team Power Team
the product developmeni | ** Py Decentrlized Power g o maton Pushoa ey |
information is done naturally 4.Roe g, CarfvtheProgess  “AdustablowithGrows

Such h b h Definition *Only Following Manual I Clarify the Role by Making Work Flow

uch as shown above, t . o
L. ! .. |[Each .-Cleary Defined ° P ility as a ngm Al

characteristics of the  >ResPonsIOMY ndividual. 51 of Resoonsiiity o™ 2 o PP gy

Japanese "product
development organizationa.
capability" is considered to be intended to supplogt comprehensive PLM system
construction. It should be noted that, at the totheomprehensive PLM construction,
improving the weaknesses by emphasizing consesgesjiired, while following the
strengths of Japan that has been demonstrated. déofathis purpose, the measures
indicated by the arrow in Figure, is desirable ® deflected in the ICT design
platform.

Fig.10 Characteristics Comparison of Organizational Culture

5. Direction of the comprehensive PLM system construction in the
globalization of industry

In the preceding description, in the industrialbglbization, comprehensive PLM
system construction to utilize the strengths ofipici development of Japanese
companies is essentiddere, a direction of it is shown based on actusésaf PLM
construction in the electric precision industry dimel automotive industry in Japan.

5.1 A caseof automotiveindustry

In the automotive industry, according to the vatticintegrated production structure,
an industry pyramid is created in each region, dnel core functionality of
development and manufacturing, is located in Japha.Planning, development and
design by the OEM at the pyramid top is done inpemation with other countries and
Japan headquarters, and Teirl below also has ctapewith local site and head
office.

In this case, with respect to PLM tool, it is nex@y to use a system of the same
type as the OEM, or to use a system that doesawa & problem on data distribution.
Feedback to the design of information from producipreparation, procurement and
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production is carried out in €acl  Lecs site structure [y —
layer of the Tier; a smooth e gy
cooperation with the Japanes
headquarters of each layer i
one of the most important issue

Hereafter, along with the
development of the modulal
design of an automobile, globa
procurement of general-purpos
products is carried oukor the =
PLM tool, a product of an oper . “ @E@&@@
architecture having a highel
degree of freedom increases tr
more importance in the product development of eachpany.

@@EQDE\@mmg

sd-om

‘&v

Fig.11 Globalization Style of Automobile Industry

5.2 A caseof electrical precision industry

Unlike the automobile, there is no pyramid struetof Tier; there is a horizontal
specialization structure in which headquarters maioeurement of general-purpose
goods. The core functionality of development arahuiacturing is located in Japan.
Although production bases are deployed globallg $ourcing is concentrated in
Japan headquarters. In that sense, in responke tdbalization of product markets,
production bases are located globally, planning @exklopment functions does not
moved, and each research site is placed in eadtem@Frig.12)

In this case, PLM tool is a separate product facthepart of each company. If
necessary, assembly products manufacturer makgndesisideration by preparing
data of the components for their own system. Feddbmthe design of information
from production preparation, procurement, and pctidu is needed to be carried out
direct and quickly to the headquarters. But the sizthe spatial-temporal distance is
increasing the difficulty of cooperation.

Future, since production bases movement, and speetteds of procurement and
production information F / B, the domestic prodaotby returning to Japan is also
considered. PLM system is _ P e
required to have flexibility i
against such base movement.

'
Funotions of Head Quarter”

\ @BEBEE Prohs Purchase

Mesh Type VG Model by Leading of HQ/Local Site

Such as described above
electric precision industry anc
automotive industry place the

y ' D - // e I.:ulPInvl
mother plant in Japan, and he E>\‘/ v \ N

developed globally, while N @Em;- Sea)
retaining the technology of the . Ousring Pk ) ! O
product development anc » .@E N o Y

grasping the local market need L =2
The direction of the

. Fig.12 Globalization Style of Elec./Prec. Industr
comprehensive PLM systen 9 Y Y
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construction can be understood for carrying outdpod development to meet the
market needs, in the two-way information cooperatiof production site and
development and taking advantage of the producatidpment of Japan.

6. Conclusion

In this paper, for the sake of global expansiodaganese industry, as a mechanism
of information utilization to take advantage of thduct development of Japan, a
comprehensive PLM system based on a system arthitenamed as “Engineering
Process Integrated Architecture(EPIA) is discudsethking up the actual cases. The
system, based on the integrated data base, caniisteegrates the whole process of
product planning, development and design, manufactupreparation, production,
purchasing, sales, service and maintenance. And d#lsenables the mutual
cooperation of the information of PLM/SCM/CRM.

When the manufacturing industry of Japan performesgrocess reform to build a
system based on this idea, it is possible to perfgiobal deployment by leveraging
the strengths of product development in Japan, idgava line from the global
expansion of Western industry.
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