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Foreword

Mr. Kentaro Kizaki

Nikkei Monozukuri Editor, Nikkei Business Publications, Inc.

Amidst the intensifying competition revolving beyond national borders in the
manufacturing industry, what is the competitive edge required for manufacturers
to survive? Competitive edge can be visible and invisible. “Visible competitive
edge” means it is visible to customers, such as new mechanisms of products, ma-
terials, machining technologies, efc. It can also be called product innovation. In
contrast, “invisible competitive edge” is competitive edge in the business process,
in other words, competitive edge created by innovation of design and production
processes, or by the establishment of mechanisms for manufacturing quality prod-
ucts quickly and inexpensively by the introduction of IT or human resource devel-
opment.

Indispensable to this “invisible competitive edge” is no doubt the use of 3D for
the design and manufacturing processes. With the growing use of 3D CAD in de-
sign departments, 3D data-based manufacturing is becoming more and more com-
mon. In design departments, 3D data is used as the material for verifying design,
and in manufacturing departments, 3D data is used for machining and automatic
assembly. 3D data is also used for enhancing the manufacturing process to facili-
tate the work of assembly operators. Procurement and marketing departments can
also use 3D data for their procurement, sales, and logistics activities as predictors.
In whichever case, 3D data is a tool which supports in ways invisible to customers
of the manufacturing industry. The full and thorough use of 3D data will reinforce
invisible competitive edge. According to Professor Takahiro Fujimoto of the Uni-
versity of Tokyo (Graduate School of Economics), “MONOZUKURI” (manufac-
turing or making in Japanese) is the transcription of design information onto media.
He says, for example, an automobile is the transcription of design concepts of
a vehicle onto a 0.8-mm-thick metal sheet. Important here is the fact that satisfying
the customer is not the medium of metal sheet but the design information itself.
And the means of conveying this design information from designers to production
engineers are drawings or 3D data, ezc.
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Japanese Drawings: Designed to Facilitate Production
Technology Plans

At the moment (2007), most 3D CAD software products used in design depart-
ments are from Europe or the USA. The use of 3D CAD enables designers to
define 3D models precisely as well as convey shapes accurately to those applying
production technologies. 3D CAD is very clear-cut, nothing is vague, so it tries to
provide all the information required in the downstream process. This was why
CAD was developed in Europe and the USA. On the other hand, the aim of draw-
ings used in Japan has been for designers to relay design details to production
engineers. The process of preparing these drawings consisted only of reconstruct-
ing design information so that production engineers can understand the informa-
tion better. So the production engineers would look at the drawings, try to under-
stand the intent of designers, and work on the production process. This creativity
at the production side is what strengthens the foundations of the Japanese manu-
facturing industry.

In manufacturing, 3D CAD data is, needless to say, very useful. There are very
keen efforts to realize “drawing-less” manufacturing by digitizing information
transmission and abolishing drawings. However, it is risky to simply replace
drawings with 3D CAD data. This is because the meanings of drawings and 3D
data are totally different in production engineering.

If the strengths of the manufacturing industry to date are to be made use of, it is
necessary to use 3D CAD data but, at the same time, apply a method which will
reliably convey designer intent such as tolerance and important details to the pro-
duction process. Such a reliable method would be lightweight 3D data as repre-
sented by XVL. Lightweight 3D data should not be taken as the simplified version
of CAD data, because not only production engineering departments but also vari-
ous departments can access this lightweight 3D data to learn about design intent.
For this, large-scale assembly data must be viewable and easily accessed by virtu-
ally anyone.

Japan Leads the World in Use of 3D Data

Japan clearly leads the world in the use of 3D data. Lightweight 3D data XVL was
developed by the Japanese company Lattice Technology (hereafter referred to as
Lattice) and is growing more and more popular. Other lightweight 3D data soft-
ware include Fujitsu’s VPS and Digital Process’ VridgeR. Though differing in the
functions provided, Japan has pioneered the use of 3D data software. This can
probably be attributed to the sophisticated skills of users of XVL and 3D tools, in
other words, production engineering departments of Japanese companies.

It is natural for Japanese industry to reinforce its manufacturing strengths
through IT. As European and American CAD software have already penetrated
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deeply into the Japanese market, there is not much value in developing Japanese
CAD systems now. So in order to strengthen the Japanese manufacturing industry,
we need software that matches Japan’s manufacturing culture. One such software
would be software enhancing collaboration between design departments and ma-
nufacturing departments such as production engineering. In order for Japan to
carry out concurrent engineering the Japanese way, it will need mechanisms for
production-related staff to participate in the design process from an early stage.
This would be design review using 3D data as a tool for communication between
different departments.

From the perspective of the partnership between design and manufacturing,
design reviews embody the bottom-up approach where optimization proceeds by
trial and error. In contrast, European and American software vendors propose the
concept of realizing overall optimization all at once, called Product Lifecycle
Management (PLM). PLM is a top-down approach where attempts are made to
manage and use information in the product lifecycle from upstream to down-
stream to enhance the competitive edge. In reality, this approach for overnight
reforms is sometimes difficult. When attempts are made to resolve a big problem,
it is usually difficult to decide where to start from. It is therefore more realistic to
start by accumulating CAD data and lightweight 3D data in the company’s com-
mon database so that people requiring information can access it. Once more and
more people are using the data, then it is time to enhance software and hardware.
The fact that lightweight 3D data such as XVL allows such a bottom-up approach
makes it advantageous in reinforcing Japan’s strengths.
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It is said that good users are essential to the birth of good software, because it is
the discerning users who help foster software quality. This book discusses the uses
of 3D data mainly in the Japanese manufacturing industry. Originally, 3D CAD,
CAM, and CAE data was used exclusively for product design. However, in recent
years, the Japanese manufacturing industry has used 3D data to revolutionize
manufacturing processes. By using lightweight 3D formats such as XVL, Lattice
Technology’s eXtensible Virtual world description Language, Japanese manufac-
turers have improved production and laid the groundwork for innovative new
methods of corporate communication.

This book discusses how leading Japanese manufacturers use 3D data in down-
stream processes, how the IT infrastructure required for this has been built, and
some of the trial and error behind these developments. Each of the companies
introduced as case studies are leaders in Japanese industry. It should be particu-
larly interesting to European and American manufacturers to learn how their coun-
terparts in Japan make use of IT to gain competitive strength. In fact, European
and American manufacturers are starting to use 3D in downstream processes; this
book includes examples from three leading manufacturers. It is interesting to note
that the software described in this book, which supports manufacturing, a forte of
Japan, was also developed in Japan, demonstrating that outstanding software is
indeed nurtured by outstanding users.

We sometimes hear people talk about the CRIC cycle, which stands for crisis,
response, improvement, and complacency. When faced with a crisis, people re-
spond and try to fix the problem. The conditions improve, and then complacency
sets in. But what happens if the solution is a “quick fix” that does not solve the
underlying problem? People are complacent, but the risk remains — a trap we are
all apt to fall into.

The CRIC cycle can sometimes be seen in the manufacturing industry. Manu-
facturers constantly strive to enhance quality, cut costs, and shorten delivery
times. 3D CAD/CAM/CAE has been embraced as a solution to these challenges.

In the 1990s, Boeing started using 3D CAD to design its 777 family of aircraft.
This endeavor, which involved intense collaboration with partner companies,
demonstrated clearly the advantages of concurrent engineering using 3D design.
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At the same time, China was seen to rapidly adopt 3D design, skipping the
2D CAD drawing step that other nations had gone through. Japanese industry
experienced a sense of crisis and rushed to start using 3D CAD as well. This was
how applications of 3D design in Japan started to shift into full swing. It is now
expected that Japanese manufacturers will be able to innovate their production
processes using the 3D CAD data that has accumulated in design departments.
However, in reality, many companies do not seem to be fully utilizing the
3D CAD software which they have procured. In addition, many companies that
have embraced 3D design are using 3D data only for checking simple 3D shapes
and drawing illustrations very limited applications. It looks like these companies
have fallen into the trap of the CRIC cycle. It is said that if the path from crisis to
complacency is long, the path that follows is also long. This means that if the
cycle prolongs, it becomes difficult to break away from the crisis. These compa-
nies therefore need to ask if they are content to just have installed CAD, or to just
be using the 3D data for limited purposes, and if the improvement measures they
have implemented are not simply quick fix solutions.

Adoption of 3D CAD incurs huge costs for procuring and installing expensive
hardware and software, training costs for designers and engineers, and costs for
changing business processes. However, often the 3D CAD data generated at such
high costs is used only in design and manufacturing, which make up less than
10% of the whole IT domain. The other 90% sees no benefit from this data.
Often this is blamed on the large size and complexity of 3D data which makes it
difficult to use. However, things are changing with the emergence of lightweight
3D data formats and viewers in recent years, which is increasing the use of 3D
data not only inside the company but also outside. This is a natural development
because 3D data can be understood intuitively and is an optimum tool for com-
munication. Even Microsoft Windows Vista is equipped with a 3D viewer func-
tion, which is expected to increase the visibility and importance of 3D data.

This book introduces methods of using 3D data to enhance competitive strength
in manufacturing. Chapter 1 explains the current situation of 3D design in Japan,
a source of competitive strength of the Japanese manufacturing industry. Chap-
ter 2 describes the background of lightweight 3D data. Chapter 3 introduces the
pioneering case study of SONY which describes how to build an information
infrastructure for 3D data. Chapter 4 discusses the advantages of using general
lightweight 3D data, and Chapters 5—13 are case studies of leading manufacturers
that have innovated business processes using 3D data. The lessons learned from
their efforts are summarized in Chapter 14, and the lightweight 3D tools that these
companies used are explained in the two appendices.

This book hopes to capture the essence of using 3D by examining leading edge
efforts in 3D data applications. Though 3D can be beneficial for limited applica-
tions, such an approach fails to capitalize on the benefits of 3D data. Only by
standardizing 3D use across the enterprise can companies fully realize the value of
3D data and break the CRIC cycle.

The use of lightweight 3D data is an attempt to incorporate IT into manufactur-
ing technologies. The goal of the use of 3D data is to eliminate all unnecessary
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work of designers and manufacturing staff so that they can concentrate on innova-
tive work. In addition, by sharing knowledge from design and manufacturing with
downstream departments, quality and productivity can be enhanced throughout the
company. By taking readers through 3D data uses by pioneering companies, this
book hopes to show how IT can be used to improve manufacturing not just in
Japan, but all over the world.
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Chapter 1
Adoption of IT by Manufacturing Industry
to Enhance Competitive Strength

The Japanese economy has finally started to gain back its strength after a prolonged
recession which resulted in its so-called “ten lost years.” From the lessons learned
during the bubble economy, Japanese companies are now aiming at “lean,” cost-effi-
cient, and profitable businesses, and are developing a dislike for excess staff and
facilities. On the other hand, the globalization of business is increasingly pressuring
companies to replenish goods as soon as they have sold. To enhance brand value, it is
also crucial for manufacturers to ensure high quality in their products. This has led to
a situation where such goals as faster delivery time and quality enhancement need to
be realized by a limited number of people in design and manufacturing. With the
dwindling birthrate and aging population, there is a lack of trained labor. The train-
ing of employees with inadequate skills is a problem. People in design and manufac-
turing are starting to grow tired. It is in such times that companies/industry need to
use Information Technology (IT), review the corporate business process, and have
staff focus on creative work. The keywords of IT in manufacturing are process evo-
lution by 3D design and use of 3D data. Successful use of 3D data throughout a com-
pany in the manufacturing industry has now become indispensable for building
competitive strength.

1.1 Tasks in Manufacturing and Ideal Uses of IT

Most companies give, as their topmost priority, the creation of a high-speed devel-
opment system to shorten the time from product planning to market release. This is
a common task for all manufacturers, from digital home appliances which have
short product lifecycle, to cars, their related parts, machines, and so on. Speed is the
ultimate goal for companies engaged in the intense competition to survive. The aim
of speedy development is to be first to market with products that are appealing to
consumers. This requires quick discovery of new user needs and rapid production of
appropriate products. A shorter development time often means lower development
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costs, which is a second reason why so many companies are working on speedy
development. The introduction of 3D CAD in product development by manufactur-
ing companies has therefore been largely motivated by the desire to increase devel-
opment speed.

On the other hand, the adverse effects of speedy development are starting to
stand out. The manufacturing site is too busy and personnel are exhausted. Few
have enough time to think about next generation technologies. Also seen are grow-
ing problems such as lack of time for staff training and use of outsourcing which
means that the accumulated knowledge does not remain inside the company. Re-
cently, we read about the decline in manufacturing quality in Japan. It is at just
such times that we need to build IT infrastructures and use IT to support those
involved in design and manufacturing. Unfortunately, present 3D CAD is often
found to make things much busier at the design site contrary to its initial aim. It is
tough to actually make 3D CAD work in operations, and this process often imposes
a burden on design engineers. It seems that despite the tremendous efforts to create
3D data, the resultant data can only be used for a narrow range of applications. In
other words, the value of the data is not as great as the labor to create it.

At the same time, Japan is said to be a broadband internet superpower. Accord-
ing to the penetration rate of broadband internet per household by country at the
end of 2005 as announced by France IDATE, Japan is fourth in the world, coming
after Korea, The Netherlands, and Sweden. Japan owns some of the leading IT
infrastructures in the world. Broadband internet networks mean high-speed access
to the Internet.

There is, however, a serious problem. In March 2006, the World Economic Fo-
rum announced that Japan ranks 16th place in terms of response index to IT infra-
structure. The response index to IT infrastructure indicates the degree of contri-
bution by IT infrastructures to economic growth. This means that Japan is not
putting its world-class IT infrastructure to full use. So the improvement of this
response index is crucial.

Japan is in a very good position to increase its IT infrastructure index in the manu-
facturing industry, because Japan leads the world in the use of 3D data. In Japan,
unique software that suits Japanese manufacturing practices and culture is being
developed, and software which supports the Japanese style of manufacturing — basic
design in Japan, production in Japanese plants, and release the products to the world
—is readily available. The manufacturing industry in Japan can increase its competi-
tive strength by effectively using 3D data on its world-leading IT infrastructure.

1.2 Current Situation of Use of IT in Manufacturing

Figure 1.1 shows how manufacturing companies invested in IT in 2004 and 2005.
As you can see, the importance of 3D CAD/CAM/CAE is overwhelming. The
importance of 3D design is well known and 3D design, manufacturing, and analy-
sis has already been adopted by 70% of the companies. The next large growth can
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PLM Systems Currently Used or Being Considered for Use

3D CAD/CAM/CAE
PDM system

Production manage-
ment system

Collaboration tool

Project management
tool

Knowledge database

10% 20% 30% 40% 50% 60% 70%

*Source: Nikkei Monozukuri September 2005

Figure 1.1 Manufucturing industry investment in IT infrastructure

be seen in Product Data Management (PDM), the database for the management of
design data. The number of companies introducing PDM in their business grew
from 40% in 2004 to above 50% in 2005.

This indicates that 3D design is becoming standard, and that the volume of 3D
data is increasing. At the same time, systems are being constructed to ensure
proper management of the accumulated data. Collaboration tools have a high
growth rate. In 2005, nearly 30% of companies started to use these tools. The goal
is to use accumulated 3D data for collaboration, marking the start of full-scale

How is design information created/edited? (Multiple selections allowed)

2D CAD

3D CAD

IT tools other than CAD

| am not a person to create
or edit design data

Hand-written with design
drawing systems

Don’t know

Other

*Source: Nikkei Monozukuri Juli 2006

Figure 1.2 Increase in 3D CAD usage
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Figure 1.3 Drawings are still being commonly used to communicate information

efforts to share and reuse information. Figure 1.2 shows how design information is
created. Use of 3D data is spreading in the same way as 2D CAD. However, as
shown in Figure 1.3, 3D models are not used much as a means for information
conveyance. Drawings are mainly used. To convey design information to the pro-
duction process, 2D drawings are created from 3D models.

Figure 1.4 shows the reasons, namely 3D models are unable to include all the
design information and information is sometimes not conveyed accurately. Not all
design information to be conveyed can be incorporated in 3D models because they
express only shapes. In order to convey design information, there is a need to con-
vey product information which expresses the design intent, test information, efc.
This requirement is gradually being resolved by the development of 3D CAD
because it is gradually being made possible to convert dimensions and annotations
defined by CAD to lightweight 3D data. It is also possible to use editing software
to add this information.

Often information is not accurately conveyed because 3D model shapes cannot
be exchanged accurately between different CAD systems. Because of accuracy
differences between CAD systems, as well as the inconsistencies in the CAD
modeling methods, sometimes the models generated include errors or the gener-
ated shapes turn out to be unrealistic. In this respect, there are growing efforts
to enhance the product data quality (PDQ) of CAD models to reduce problems
during data exchange. PDQ software tools are already available on the market.
Figure 1.4 notes additional barriers to 3D data use such as the lack of develop-
ment process based on 3D models, inability to view 3D models, efc. These prob-
lems stem from the nature of the design and production processes, and business
reforms should be made top down to implement fully digital processes and
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What are the problems when 3D models are used as means
of communicating design information (multiple selections allowed)
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use of different systems and tools ‘ ‘

] 44.1%

Not ready to have a development ] 41.2%
process based on 3D models
3D models cannot be viewed 39.8%

in many sites
Difficult to create 3D models 26.8%

as intended by designer

Other [ 5-7%

No answer [0] 6.1%

* Source: Nikkei Monozukuri July 2006

Figure 1.4 Barriers for using 3D models

collaboration between departments. Production activities using 3D data require
reliable databases as well as mechanisms to distribute 3D data to the people who
require it. Lightweight 3D data formats are progressing rapidly, gradually resolv-
ing problems faced on the system side. Business processes within the company
must be adjusted to effectively use the accumulated 3D data to enhance work
efficiency.

1.3 Strategies to Secure Competitive Advantage
and Use of 3D Data

As Nicholas Carr talks about in his controversial book “IT Doesn’t Matter,” in-
formation technologies are maturing and can now be used by anybody. Computer
technologies have also become standardized and prices continue to fall. How to
effectively use IT is now a trivial issue, and IT no longer serves as a means for
companies to differentiate themselves. Indeed the world has become a more con-
venient place now that software for email, Internet, word processing, and spread-
sheets are available to all. And because they have become so common, such soft-
ware no longer serves as the basis for corporate differentiation. CAD is also
heading in this direction and becoming a commodity.

This brings us to the question of whether or not the effective use of accumu-
lated 3D data can actually increase the competitive strength of the manufacturing
industry. In this sector, advanced companies have been experimenting with light-
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What is the situation for manufacturing?
1. CAD has become a daily commodity.
2. 3D uses are rapidly maturing from trial and error to providing

measurable value.

Use of 3D data is becoming a source of competitive advantage in
manufacturing.

Figure 1.5 Information technologies becoming a commodity

weight 3D and have finally begun to see major results. Such companies have
indeed started to build the foundations of competitive strength (Figure 1.5). As
shown in Figure 1.6, strategies for securing corporate competitive advantage in-
clude cost performance strategies and differentiation strategies. 3D data can con-
tribute to both. Cost performance strategies aim to provide products and services
at lower costs than other companies, and one example is the continuous efforts
toward improvement in manufacturing. Such efforts have paid off as more and
more companies are seen to successfully enhance work efficiency by fully using
3D data. For example, illustrations in product manuals are automatically gener-
ated from 3D data, and these cost considerably less and are consistent in quality
compared to hand-drawn ones. It is clear that use of 3D data contributes to cost
advantage strategies.

1. Cost advantage strategies
— Provide products and services at lower costs
()

than competitors. P
<= Reduce costs by thorough reuse of 3D data”

2. Differentiation strategies -ml

— Create rules and establish new strategies §>C>
<= Motivate engineers by collaboration using 3D data

Steady accumulation of 3D data
=> Method of utilization is diverse depending on ideas
=> Utilization of 3D data the source of competitive advantage

Figure 1.6 Corporate competitive strategies and use of 3D data



1.4 Trends in Lightweight 3D Data Related Technologies

Total elimination of waste
in intellectual work

|

Have intelligent workers carry
out work they should
originally be doing

Challenge toward innovation

l

Support intellectual activities
(visualization of information
and integration with knowledge)

- =

Elimination of simple intellectual work
in design and manufacturing process using 3D data

Figure 1.7 Acquire competitive edge in manufacturing

On the other hand, differentiation strategies aim to create new market rules and
build up business with new strategies. This is called innovation. But such strate-
gies are rarely born from a tired manufacturing site. Deploying IT to support col-
laboration between design and manufacturing increases the potential for inno-
vation. The use of 3D data changes according to business type and activities. It
can also be used in totally new ways. 3D data can also serve as the source of com-
petitive strength of companies. Japanese manufacturing, “MONOZUKURI,” is
made up of both the “MONO” (product) and the “ZUKURI” (production). As
shown in Figure 1.7, 3D data can contribute to both sides. For example, 3D data
can reduce unnecessary work such as design and production preparations. There
are many simple intellectual and manual tasks in design and manufacturing that
can be eliminated by the use of lightweight 3D data. Employees who are freed
from simple labor are able to work on intellectual innovation. Use of 3D data
allows accumulation of feedback from the manufacturing site as visible informa-
tion. This “visualization” of information promotes innovation.

1.4 Trends in Lightweight 3D Data Related Technologies

Let us take a look at the trends in technologies related to lightweight 3D data.
Figure 1.8 shows the trends in lightweight 3D data formats. XVL technology,
which was born in Japan, is used widely in manufacturing. Leading CAD vendors
in Europe and the USA who have realized the usefulness of lightweight 3D data
are also starting to move into this area. Dassault Systemes of France licensed XVL
technology from Lattice for a lightweight 3D format 3D XML. Dassault Sys-
temes’ 3D CAD software, CATIA, is extensively used in the automotive and aero-
space industries. At the same time, UGS of the USA is promoting a lightweight
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Figure 1.8 Lightweight data technology flow

3D format called JT. JT includes both polygon data for display and precision data
for CAD data exchange. The largest PC CAD company, Autodesk, promotes
a format called DWF for displaying lightweight 3D polygon data. Such CAD
companies promote their respective formats using engineering-type applications.

In 2006, Adobe entered the market with 3D PDF (Portable Document Format).
PDF is a very popular document format for distribution. 3D PDF adds Universal 3D
(U3D) to PDF. U3D is a lightweight 3D format developed by Intel, Adobe, and the
3D Industry Forum, which includes Lattice. It is certified as a standard by ECMA,
a European industry standardization organization. Support for U3D enables 3D PDF
to display 3D models in PDF documents. The first U3D format was a polygon-based
format, meaning that it used polygons (triangles) to represent geometry. This is
a common technique for quickly displaying geometry on computers. The downside
is that it takes a lot of polygons to accurately represent smooth 3D CAD surfaces,
and that makes the file sizes of polygon-based formats very large. The goal for
a lightweight 3D format is to have high accuracy with small file sizes, and compa-
nies are engaged in technological competition over this.

Interestingly, international standards are not always successful in the world of
3D. There have been many graphics standards like CORE, GKS, PHIGS, VRML,
and X3D that have not taken off as anticipated. This may be due to the intense
evolution of the technology; by the time standards are established, they quickly
become obsolete.

Back to Figure 1.8 again. The battle around the standardization of 3D is intensi-
fying. This battle differs from that around the standardization of videotapes, VHS
versus Betamax, many years ago. In the world of hardware, tapes without com-
patibility cannot be played on a VCR. In the world of software, as long as the data
can be converted from one format to the other, applications will be able to read it.
Consequently, the essence of the problem of using lightweight 3D lies not just in
the data format, but also in the applications for using the 3D data. The quality of
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the format affects the performance of the applications, but the applications must
still meet end user needs.

Let us now discuss the efforts being made with XVL. XVL is already the most
lightweight, accurate 3D format. XVL is now being expanded to express the design
information required by manufacturing. The key users of lightweight 3D data for-
mats are designers, who produce the 3D data, as well as downstream users who until
now had no relation with 3D whatsoever. In general, for lightweight 3D formats to be
useful they need to include not only 3D shapes but also non-geometric information
required by the downstream users. Also, downstream applications need to be able to
handle the 3D data and additional information.

Another important trend of the IT industry is the emergence of 64-bit PCs. These
PCs are required by CAD users performing large-scale design and CAE users per-
forming large-scale analyses. The 3-Gbyte virtual memory space on 32-bit PCs
expands to 16-Tbytes on 64-bit PCs. In CAD and CAE applications where data is
growing massively large, 32-bit PCs are no longer able to handle the burden. Already
CAD manufacturers are starting to release products for 64-bit PCs on the market.

However current PCs are sufficient for ordinary users who just need to email,
create documents, or make presentations. Powerful 64-bit PCs will only migrate
downstream after hardware becomes inexpensive and most software can run in
64-bit environments. So what is going to happen until then? As Figure 1.9 shows,
the design departments of leading manufacturers performing large-scale designs
have 64-bit PCs, and CAD data is growing increasingly large. Downstream, it is
necessary to display such massive data on 32-bit PCs. It will not be possible to
distribute expensive 64-bit PCs and corresponding 3D CAD data to everyone
involved, at least for the next few years.

Trends from 2007 to 2009
Design process Downstream
(CAD)
Assembly 64-bit PC )| 32-bit PC
manufacturer
Parts manufacturer | 32-bit PC “ 32-bit PC
Requirements of High precision Lightweight
lightweight 3D data | (= surface data) (= small file size)
Fast display speed Low memory use
Fast display speed
Applications Interference detection of | Free viewer
huge 3D models 3D dynamic document
Technical illustration
I ' Need to easily process 3D data which is increasing in )
volume since 64-bit CAD introduction

Figure 1.9 Impacts of 64-bit PCs
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Lightweight 3D which can express large volumes of 3D data lightly and accur-
ately is growing in importance. Since most of the popular PCs are 32-bit systems,
technology to display large volumes of 3D data on these 32-bit PCs is important.
Consequently, lightweight formats like XVL have emerged that can display large
volumes of 3D data on standard PCs. Over the past few years, the value of the exis-
tence of lightweight 3D data has increased more and more in companies.

The cost-performance of individual projects is said to depend heavily on the ac-
cumulation of IT assets and degree of use. In other words, companies with a solid IT
infrastructure will reap greater profits from these projects than companies without
such infrastructure. This is similar to the tool change process at the manufacturing
site.

So the construction of IT infrastructure serves as preparation for the next process
change. Preparations help produce results at high quality, short delivery, and low
cost. Companies must prepare their IT infrastructure as standard IT strategies for
business. 3D CAD and PDM are also gradually being established, and the use of
lightweight 3D data should serve as the source of corporate competitive strength. In
order to survive and win in the manufacturing competition, it is necessary to accu-
mulate lightweight 3D data, share the information throughout the company and with
related companies, and train key personnel to use it. All this points to the impor-
tance of building IT infrastructures based on the use of 3D data.



Chapter 2
Trend Toward Use of Lightweight 3D Data

The development of the network society has promoted the sharing of information
in diverse areas of the manufacturing industry, changing the business processes of
many companies. However, 3D CAD data, which forms the core of digital manu-
facturing, has not benefited much from network technologies. 3D CAD is charac-
terized by massive data volume and complicated structures, and is also difficult to
integrate with other associated data on the network. Though requiring huge costs
to generate, until now CAD data has only been used in the CAD/CAM area, which
comprises less than 10% of the whole IT industry.

The emergence of lightweight 3D data such as XVL is changing this situation.
Industry is increasingly trying to change the overall business mechanism by con-
verting CAD data to lightweight 3D data. This includes not only companies but
also their partners and suppliers. So what is the significance of the existence of
this lightweight 3D data and how should it ideally be used?

2.1 Designs Based on 3D CAD to Full Use of 3D Data

3D data is unique in that its simple shapes are easy for everyone to understand. In
the case of design drawings, one has to be a design specialist to be able to con-
ceive the actual shape. 3D display allows everyone to understand shape intui-
tively. This means that 3D data can serve as an excellent medium for communica-
tion. The Internet uses text, images, 2D animation, video, and audio to convey
information clearly. 3D data will be next.

However, 3D data comes with a big problem, namely, the high costs needed to
generate it. 3D CAD is very expensive. Compared to 2D data, 3D CAD data is
difficult to handle because of the extra dimension of depth. 3D CAD also requires
time and money to learn.

Still, 3D design has become the standard in many companies. In the manufac-
turing industry, 3D CAD is growing more and more popular and design depart-
ments are aggressively accumulating 3D data. It is only natural for companies to
want to utilize this 3D data inside the company, with related companies, and for

11
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communication with consumers. Generally, a design department would have ten
times its number of production and product-related partners, and these partners
would have 100 times more consumers at their end.

If we can use 3D data for communication with product-related partners and
consumers, etc., we should be able to reform the business process of the manufac-
turing industry to a considerable extent. If we can effectively reuse the 3D data
created in the design department, the downstream costs to generate 3D data will be
zero. There are, however, two obstacles to enable everyone to use 3D data:

1. 3D CAD data is very large, and cannot easily be shared on the network.
2. 3D CAD systems to read the data are very expensive and complicated, and thus
cannot be made available to everyone.

In order to overcome such problems, lightweight 3D data formats and software
(viewers) to view them were developed. Generally, lightweight 3D viewers in-
clude free viewers for checking 3D shapes and products sold on the market for
measurement and interference calculation.

HTML (Hyper Text Markup Language), the language for defining pages on the
Internet is gradually being replaced by XML (eXtensible Markup Language), a more
general language for representing information. XML can also define complicated
3D data structures and related design and manufacturing information.

By integrating the evolved 3D lightweight technology with XML, it should be
possible to solve the above two problems. As shown in Figure 2.1, by converting
3D CAD data to lightweight 3D formats, general users who do not have CAD can
use a viewer to access 3D data easily.

Lattice XVL uses XML to create a lightweight, accurate, web-friendly represen-
tation of 3D CAD data. This allows lightweight 3D data to be used across the “walls”
of organization. XVL can compress 50 MB of CAD data down to 500 KB-small

Designer
General user

rsion) Lightweight | isojay
) Highiwe'dht| Displa

Figure 2.1 Use of CAD/CG data in downstream processes after conversion to lightweight
3D data
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Figure 2.2 Transforming business processes using lightweight 3D data

enough share on the Internet. With a simple XVL viewer, anyone can easily use 3D
data anywhere to carry out work. At Lattice, we call such environments allowing use
of 3D easily “3D Everywhere.”

3D data that has been released from the bonds of CAD can now be used beyond
the design department as a clear communications tool (Figure 2.2). Manufacturing
processes that involve diverse employees with different skills, employees of dif-
ferent companies, employees in different countries, and general consumers re-
quires clear visual communication. 3D data released by the design department can
provide clear visual communication and can improve business processes at the
plant, in the maintenance department, in the marketing and sales department, and
in other downstream departments.

2.2 Why Lightweight 3D Data, not CAD?

So why should we use lightweight 3D data instead of CAD data? In order to
create lightweight 3D data, we need to convert it from 3D CAD data. Is it really
necessary to go to the length of converting 3D data to generate lightweight 3D
data? According to a pioneering XVL user, the advantages of lightweight 3D data
are to display very large data, use 3D in documents, and use 3D in drawings
(Figure 2.3).
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1) Want to use very large data
— CAD unable to display very large data
— Display response is slow

2) Want to use for 3D document
— Difficult to operate — | Use of lightweight
— Want to use on inexpensive PC 3D data and viewer

3) Use instead of drawings e
— Because data is light -

— To express shape, size, annotation

Figure 2.3 Why use lightweight 3D data?

2.2.1 Display of Very Large Data

In CAD, parts are designed by multiple designers, and the shape of the completed
product is expressed by combining multiple parts. Depending on the design, data
volume can be massive. In the automobile and airplane industries, which use high-
end CAD, data volume is said to be 20 Gbytes for cars, and 5 Tbytes for airplanes.
Unfortunately, CAD is unable to display such enormous data. When data reaches the
level of several hundred megabytes, the display response of CAD drops markedly.

What about in terms of the number of parts making up a product? Generally, an
industrial machine is made up of 3,000-5,000 parts, and a printer or photocopier
about 5,000-8,000 parts. However, once the number of parts exceeds 5,000, the
display response of CAD drops drastically. Of course, at such an enormous data
size, real-time data sharing on the network becomes impossible. Lightweight 3D
can solve this problem. For instance, XVL allows CAD data exceeding 10 Gbytes
to be displayed.

2.2.2 3D Use in Documents

3D data is useful for documentation. By using illustrations generated from 3D
data, technical documents can be created easily. Applications for creating illustra-
tions easily from lightweight 3D data are improving rapidly. Also available now
are software for creating and distributing 3D animations. However, keep in mind
that the downstream users who display 3D animations are not CAD users. So
inexpensive, easy-to-use viewers must be available for downstream users. The
PCs of most of such users will probably be inexpensive, which are slower and
have less memory than PCs for CAD. Lightweight 3D viewers must run with good
performance on such PCs with low specifications.
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2.2.3 3D Use in Drawings

There are also increasing efforts to use 3D data instead of drawings when convey-
ing information from the design stage to post-processes. Most lightweight 3D data
accurately expresses not only shape, but also the annotations, symbols, and dimen-
sions used in design and manufacturing processes. Of course, since the 3D data is
referenced by many users, it is necessary to convey the data via networks. This
means that the data must be lightweight. In addition, an inexpensive viewer is all
that is needed to check 3D shapes. Additional viewers are able to measure size and
edit annotations.

Figure 2.4 compares 3D CAD and a viewer using lightweight 3D data. Depart-
ments which may need to create, edit, or change 3D data, such as the design depart-
ment, have to perform 3D design on CAD. However, departments that only need to
display 3D data other than design will benefit overwhelmingly from the use of
lightweight data for the following three reasons:

1. No expensive PCs required
2. No sophisticated training required
3. Data can be exchanged via network

Downstream departments such as production technology departments, facto-
ries, quality assurance departments, service maintenance departments, and market-
ing departments just need to display lightweight 3D data. So, creating an environ-

3D CAD Lightweight 3D data+viewer

X No 3D shape design function

Shape generation

** 3D shape design

** Addition of mobile, configuration
Information editing, and comments

Shape display

X Very large data cannot be handled
* Difficult to import other CAD data

** Very large data can be handlem
* Viewer data conversion and

management required

Environment used in

X High performance PC required
X Difficult to distribute through network

** Can use on inexpensive PC
** Easy to distribute through network

Implementation costs

X Expensive

** Inexpensive
** Free viewer

Education and training

* Special education and training
are required

** Can use even with simple
\basic operation training /

*** very good

** good

* good with condition
X not good

i 1

Can be used in production technology, plant, quality
assurance, maintenance, marketing, sales

Figure 2.4 Departments suitable for using “lightweight 3D data + viewer”
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Figure 2.5 Areas of applying lightweight 3D data

ment that allows these departments to access and view 3D data is all that is needed
to start using 3D data throughout the enterprise.

Figure 2.5 shows several potential applications for lightweight 3D data. Many
companies carry out work restructuring based on 3D data. Planning departments
use 3D for planning products, while design departments carry out design review of
digital models that have been designed in 3D. Production technology departments
use XVL data in measurement verification systems that analyze differences be-
tween CAD design data and actual work pieces. On factory shop floors, XVL is
pasted into electronic reports, such as parts list and work specifications, thus
sharply reducing work hours for creating the reports. Those in charge of viewing
the reports also find that they understand the reports considerably more with the
communication ability of 3D. 3D data can also be useful for creating parts cata-
logs in the service maintenance department and for web catalogs in the sales de-
partment.

2.3 Use of Lightweight 3D Data Throughout the Company

Once XVL starts to be used in various departments as illustrated above, many
companies will face a data access problem. This refers to the fact that a general
user may not know where a particular 3D data is stored. This will become a com-
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Figure 2.6 Overall optimization effects of XVL as corporate standard data

plicated problem to those outside the design department. If 3D data is to be used at
the company level, the company must establish rules to indicate where to find the
latest 3D data. One effective solution is to manage XVL within the company’s
standard database and enable it to be used by all departments (Figure 2.6).

Many companies have multiple 3D CAD systems. They convert all 3D data to
XVL to allow people from various departments to refer to it. This in turn enhances
the efficiency of a range of operations such as design review, documentation,
illustration, sharing of design and manufacturing information, and so on by people
from departments such as planning, manufacturing, production technology, quality
control, and others. Data sharing throughout the company may raise security con-
cerns, but security control mechanisms are already available for lightweight 3D
data and will be discussed in a separate chapter.

Interestingly, lightweight 3D data has established a certain importance even
within manufacturing departments, which are traditionally close to design de-
partments. As shown in Figure 2.7, design departments use CAD for defining
product shapes, and the shape data is saved as CAD models. CAD data replaces
conventional drawings and is treated as official data (master data). This means
that designs are saved as CAD data, and CAD models are revised when revisions
are needed in the design. On the other hand, XVL serves as the master data for
departments using 3D in the manufacturing process. There is a growing trend to
write information such as manufacturing instructions and dimensions that are
required in the manufacturing process in the XVL model, and this is maintained
as master data. Through such trends, manufacturing processes are benefiting from
3D data.
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In the past, this was done using drawings. Information such as manufacturing
instructions and attribute information required for manufacturing were individu-
ally written by different departments on the paper drawings from design. This
means that manufacturing-accumulated knowledge was scattered over countless
paper drawings. Replacing this with lightweight 3D data enables manufacturing
data to be digitally integrated with the 3D data. This provides benefits such as
accumulation of manufacturing knowledge in XVL, feedback of manufacturing
information to the design department, and central management of information
scattered over different drawings (Figure 2.8).

Furthermore, it provides a mechanism to allow access to this data by all who
require it. As a result, the data can be used for design review, for design verifi-
cations, and for documentation. This means that efficiency can be enhanced by IT
and the benefits of 3D design enjoyed even in departments downstream from
manufacturing.






Chapter 3
SONY’s Ideas on Expanding
Lightweight 3D Data to Company-wide Use

Lightweight 3D data is useful throughout design and manufacturing. Of course it
also benefits local applications. However, it is always important consider overall
optimization when promoting 3D data.

SONY is a company that has practiced this. They started using XVL in 2003
and learned how to use 3D data in their trial production processes. They learned
that it was not easy to achieve best practice; people in downstream processes
found it difficult to obtain 3D CAD data during the design process as well as iden-
tify which is the correct 3D data. To resolve these problems, SONY built a 3D
data information distribution system to exchange XVL data with all their employ-
ees. Because they had such an information infrastructure, any department could
use 3D data freely when they wanted. The company also launched projects to
promote use of 3D data at the same time, which helped increase awareness of the
usefulness of 3D data amongst their employees.

Such endeavors at SONY were pioneered by SONY GLOBAL SOLUTIONS
(SGS), which provides the IT infrastructure for the whole of the SONY group.
Leading these endeavors were Mr. Watanabe, head of the Engineering Solution
Division, and Mr. Sekiya, head of the Engineering Information Solutions Division.
The person responsible for building the actual infrastructure was Mr. Yoshii.
Mr. Tsukamoto supervised the introduction and promotion of XVL. This chapter
discusses how the leading Japanese company SONY started to use 3D data. Their
experience in building a 3D data distribution infrastructure should serve as an
important reference to companies planning company-wide use of 3D data.

3.1 Use of 3D Data in Design and Manufacturing at SONY

The key manufacturing businesses at SONY include TV, VCR, camcorder, digital
camera, PC, efc. This leading company designs, manufacturers, and sells a diverse
range of digital equipment. These high-tech devices are designed using mechanical
CAD, electrical CAD, PDM/CAE, and systems to support the development of em-

21
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bedded software. Mr. Watanabe’s Engineering Solution Division and Mr. Sekiya’s
Engineering Information Solutions Division support the use of IT for the design of
digital equipment at the SONY group. These divisions promote the restructuring of
the design process of machines, electrical, and embedded software from two aspects:
the use of state-of-the-art design technology and the construction of information
infrastructure serving as the foundations for its use.

SONY starting using CAD from the 1980s for the design of digital equipment.
Their management style of engineering tools has been transforming from “central
to distributed and back to central” along with IT technological trends. The 1980s
was an era of central management of host bases, and the 1990s an era of distribu-
tion by downsizing to PCs. Though SONY succeeded in realizing low costs by
downsizing, distribution resulted in a tradeoff both technically and systematically
from the viewpoint of Total Cost of Ownership (TCO). Then in the latter half of
the 1990s, to realize global optimization in the network environment, they started
to change back to central management, and this still continues to today. In the latter
half of the 1990s, the company implemented PC-based 3D CAD, and began to
carry out extensive in-house CAE analyses. As a result, designers themselves
gradually started to encourage digital manufacturing using 3D data (Figure 3.1).

Figure 3.2 shows the concept of PLM from the viewpoint of mechanical CAD at
SONY. The aim of the PLM system is to maximize the product-release speed and
to design products unique to SONY. The PLM system requires mechanisms that
allow access to product-related information. It is important to note that this design
platform can be shared and used throughout the company, instead of being a CAD
tool. It therefore serves as a design system incorporating design know-how instead
of merely being a shape-creation tool. For this reason, ideally, 3D data allowing

1980s  19%0s  2000s
Host-based 2D CAD Downsizing PC-based 3D CAD
Execute by
Company-wide department > CAD as platform
Common CAD
PDM
CAD [ D] stntoapme
Solid model o >> Standardization
Stereolithography M
FRESDAM * Digital manufacturing

Free-form design
3D CAD linked with CAE
Design process
CAE specialist ) interaction

Experiment Design reform PJ RP, RVS, DMU by
Symposium > designer
. R&D CAE
In some areas, q . EDE
CAE FEM Structural analysis Intemallly n'!ade,
. Modal analysis ° Customization
Acoustic-related Device development by
> specialist
Host Work station-based PC CAE

3D CAE 3D CAE

Figure 3.1 Transition of 3D CAD/CAE solution
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horizontal distributed functions
= J
TTM=Time to market

Figure 3.2 Core of PLM supporting SONY’s product design

simulation of product design itself should be used and an infrastructure ensuring
the consistency of 3D data built. This example demonstrates that the establishment
of a design information infrastructure helps promote optimization by horizontal
distribution of design and manufacturing functions not only within the group,
SONY in this case, but also with partner companies.

Figure 3.3 shows the ideal use of 3D data as exemplified by SONY. Work can be
carried out while referring to 3D data during planning, design, prototype, mass pro-
duction, service and support — even out to mold subcontractors. As a result, all CAD
data is converted to lightweight XVL and distributed through the company-wide
information distribution platform. Even CAD data that is in the design process and
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Figure 3.3 Best practice of lightweight 3D data
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not yet approved is converted to XVL and made available to those who need it.
However, before SONY was able to reach this stage, the company repeatedly evalu-
ated XVL and verified the benefits of its use in actual work. Let us look at the com-
pany’s decision to use XVL.

3.2 Introduction of Lightweight XVL 3D Data

Figure 3.4 outlines the flow of design data before SONY started to use XVL.
Although the company was gradually incorporating 3D into their design work,
they still used drawings after the prototyping phase. Once a product was com-
pleted, they would compare it with the drawings to confirm that production was
carried out correctly. Work therefore focused on the downstream process.

They could identify problems in the downstream process, but it was important
for them to identify these problems in the upstream process to improve the design
work. In 2002, SONY carried out a technical evaluation of lightweight 3D data
and decided to adopt XVL because of its high accuracy, light weight, web distri-
bution function, low cost, and reliability amongst users. From 2003, they started
services to convert from CAD to XVL. Figure 3.5 shows the mechanism of auto-
matic processing conversion actually constructed at the company. Using this
mechanism, they conducted several prototyping projects, and verified that XVL
can contribute to improving operations.

Before : Present

Plan/ t Detailed desi Trial producti Mass production Service/sales

Quality  prototype
Prototype assurance eyaluation

manufacturer Beaparpin 4
& ,g . : = ‘Service manual
L : : -»-1;4. =] % g

Paris use
Design reference
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drawing
E-BOM
~.. manual input
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Productbcn
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drawing

Mold 7
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Figure 3.4 Initial design and manufacturing data flow
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Figure 3.5 Mechanism of automatic conversion from CAD to XVL

However, the scope of applications of XVL did not broaden readily. It was not
easy to reach the ideals shown in Figure 3.3 as standard design and manufacturing
processes. There were two reasons for this. The first was that the XVL conversion
mechanism was overburdened due to the large number of conversion requests. The
other was the users of the 3D data could not really feel the benefits of using 3D
data, so they were not very motivated to use 3D data.

In order to resolve this problem, SONY decided to construct a company-wide
“3D data information distribution platform.” At the same time, it launched a pro-
ject to discuss the ideals of effective business processes using 3D data.

3.3 Construction of “3D Data Information Distribution
Platform”

They faced obstacles when they actually tried to use 3D data because not all de-
signers were in the state to disclose 3D data at all times. In some cases, the 3D
model was not changed when the design changed. There existed three major prob-
lems as seen from the downstream process perspective (Figure 3.6):

1. Unable to obtain XVL easily when required
2. Unable to find latest 3D data for tasks such as preparation of manuals
3. Unable to determine which 3D model is the approved one
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Figure 3.6 Problems in use of 3D data in post-processes

SONY therefore decided to construct a company-wide mechanism which al-
lowed its users to access 3D data. This was the “3D data information distribution
platform” shown in Figure 3.7. XVL was mounted on this platform to distribute
3D data. The platform is outlined below.
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Digtribution
notification

Data distribution |
management

Establishment of
[drawing environment
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Parts
configuration
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Figure 3.7 Outline of system of 3D data information distribution platform
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3.3.1 Data Sharing

Those authorized to access data are able to obtain XVL anytime they want. These
authorized persons are chosen according to the product. Only those related to the
manufacturing and quality assurance of the product are allowed to access the 3D
data. If there is an approved request to reference the data, the system automatically
converts the 3D CAD data to XVL. As a result, people are even able to acquire
data in the midst of design. This allows designers to verify their work and those of
others from an early stage, and the production technological department is also
able to start preparations from an early stage.

3.3.2 Data Distribution and Management

Notifications of appropriate 3D data distribution are sent to those who require it
for uses such as prototyping, manual preparation, efc. This enables those requiring
3D data to access the required data. The data is available as CAD, XVL, and gen-
eral 3D formats such as IGES. Lightweight XVL is frequently used in downstream
processes. Manuals are prepared at the same time as design. Before, those requir-
ing data had to ask individually and convert to XVL. Now the 3D data distribution
has considerably reduced unnecessary work and distribution errors.

3.3.3 Management of Original Drawing Data

The design-approved final data is stored in and made available by the 3D data
distribution system — drawings in PDF and 3D data in XVL. These two types of
data are in formats that allow referencing from company-wide common parts lists.
Verifications to check legitimacy can be performed using this final data. From
a downstream perspective it is always clear what lightweight XVL data is final.

In this way, those requiring data can browse the latest design data by obtaining
approval to access the design side. As long as the 3D data is sharable, XVL can be
accessed from any manufacturing site in the world.

3.4 Business Process Restructuring Using Lightweight 3D Data

At SONY, efforts have continued since 2003 to make full use of 3D data in busi-
ness operations. Reviews are performed by attaching animations to XVL to facili-
tate understanding of product functions and structure. XVL is also used for dis-
cussing designs with related departments such as manufacturing and service. Such
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activities gradually revealed the merits of XVL, such as easy to understand struc-
ture and functions.

With a better understanding of shapes during design meetings, the staff at SONY
started to discuss improvement details more enthusiastically, and were even able to
reduce downstream process steps. SONY also tested the use of XVL for preparing
manufacturing instructions. In some cases, they found that the time taken to draw
the actual object could be reduced from one week to one day.

The company’s next task was to expand the use of XVL throughout the organiza-
tion. SONY therefore launched a project leverage 3D throughout the company. In
2004 the design working group started meetings to discuss how to best utilize 3D
data. Since this working group touches all SONY products, it includes represen-
tatives from most departments. This allowed success cases in specific product fields
to be expanded to other product fields. The use of a common Bill Of Materials
(BOM) system throughout the company is a strength of SONY, and this standard-
ized system allows successes in one department to be repeated in other departments.

Whether 3D data can be utilized in a certain company activity was verified one
by one by setting down target areas for XVL use (Figure 3.8). Usually, the intro-
duction of new business processes depends on personal motivation. Unless a staff
member is keen on the new process, the actual implementation in the company
will be hard. In addition, if the users do not see the benefits then new methods will
not be adopted. At SONY, the activities of the SONY working group therefore
served as the motivating force for this establishment.

One of the missions of SGS is to construct a mechanism which facilitates the
acceptance of new technologies at the site of manufacturing when new technology
is introduced by the use of IT. For example, in reviews of design using 3D data, it
is difficult to always have experienced key persons participate from the manufac-
turing department, and, at times, young engineers participate for the purpose of
on-the-job training. Of course, it may not be an easy task to discuss 3D utilization
in depth with veteran designers.

However, XVL allows data to be verified beforehand at the site as well as stud-
ied before meeting with the design staff. Such activities were supported in the
SONY working group. Gradually these design review meetings became more and
more active, and established new methods of using 3D data within SONY. With
the launch of a new 3D information distribution mechanism, SONY was now able
to extend the uses of 3D data to its global bases. In the past, it was difficult to
request XVL conversion (from CAD data) if an engineer of a manufacturing divi-
sion did not know the designer. Now, the new mechanism allows anyone to obtain
XVL.So, even if the manufacturing staff do not personally know the designer, and
even if there are language barriers or geographical distance, they are able to obtain
and display 3D data freely. Also through telephone conferencing, engineers from
anywhere in the world can hold design review meetings.

Two examples of the advantages of using 3D discussed during the SONY
working group meetings are prototype review (Figure 3.9) and work standards.
During prototype reviews, product structures are increasingly studied by 3D be-
fore the review meetings. People who are unable to visualize the shape just from
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Figure 3.8 XVL utilization zone map

drawings, are more motivated to participate in meeting discussions, and as a result

problems are being discovered and resolved at an early stage. The result is better

design quality and shorter development times.

Apparently at SONY, when preparing work standards in the past they would go
and borrow prototypes, take pictures of these prototypes with a digital camera, and

use the image data to prepare drawings. However, pictured image data cannot be
edited (such as deletion of unnecessary portions, changing of object direction,

etc.). Now, use of XVL facilitates data editing as well as allows reuse of data even

if the assembly procedure has been changed. In one case, SONY was able to cut

drawing time by 30%.
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Figure 3.9 Advantages of using XVL in prototype review

Previously, manuals were prepared mainly in downstream processes and de-
tailed preparation work was started only after the prototype was ready. The use of
3D data promoted the leveling of work by enabling manual preparation to start
earlier. It is very important to talk about and share such advantages of introduction
within the SONY working group. As in SONY’s case, this built up the momentum
to expand the results throughout the company, and build a platform for distribut-
ing 3D data.

3.5 Future Plans

In this way, SGS has been able to construct their 3D data information distribution
platform, restructure their design business processes throughout the SONY Group,
and continue to produce best practice scenarios on the use of 3D. The 3D infra-
structure enables people requiring information to access 3D data.

As a result, departments throughout the company are producing significant
achievements by implementing improvements. Spontaneous improvement efforts
by staff, such as converting past models into 3D data so that the manufacturing
department can refer to the data anytime, are increasingly being seen. Also grad-
ually in downstream processes the “use of 3D data is taken for granted.” In future
developments, SONY feels they will need to add new information to the light-
weight 3D data. This includes parts numbers, model names, and other product
specifications that will help them make more effective use of the information.
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Figure 3.10 Advancement of CAD use

SONY says that, as a future goal, they hope to build digital models that allow
simulation of the behavior of products and, at the same time, perform transforms
to switch from rules centering around objects to rules centering on information,
data, and software (Figure 3.10). They think it is ideal for 3D models to operate
like the actual product according to user instructions to enable verification of
functional
ity and convenience of use. Once digital models allowing uniform treatment of in-
formation on product mechanism and software to drive the mechanism are ready,
they say they should be able to verify operations on the PC, as well as use it for
early-stage marketing before release.

With their 3D data distribution infrastructure and experience in data use,
SONY is steadily working on their next challenge.






Chapter 4
Benefits of Lightweight 3D Data

According to the US Department of Commerce, the US GDP grew by 4-5% be-
tween 1996 and 2000, of which 1.4% is said to have been contributed by IT. There
is also statistical data which indicates that the US manufacturing industry has
multiplied their productivity per person by more than ten times over the last ten
years. In contrast, Japan’s GDP growth rate was a mere 1% during its “ten lost
years”. The USA’s innovative use of IT is well known, while Japanese industry
needs to apply IT more aggressively to grow. Against this background, the Japa-
nese manufacturing industry has started to apply lightweight 3D data to enhance
business efficiency, and manufacturers of cars, electrical equipment, precision
machinery, and machines are gradually beginning to enjoy the advantages of light-
weight 3D data in routine business activities such as preparing work instructions,
sharing information between designers and engineers, verifying design concepts,
and sharing information with suppliers and customers (Table 4.1). This chapter
discusses the benefits of using lightweight 3D data in various areas of industry.
This chapter also describes conventional manufacturing methods and compares
them to manufacturing methods using lightweight 3D data such as X VL.

Table 4.1 Examples of user applications of XVL

Company Outline of user applications

NIKON Uses XVL for design review (DR) of very large 3D models in the
car body design process. The company has cut costs by using the
automatic interference check function to discover and resolve
problems at an early stage. They are also enhancing design quality
by thoroughly reviewing problems during DR meetings.

TOYOTA Uses 3D CAD to design semiconductor manufacturing machines
containing hundreds of thousands of parts. The company is suc-
cessfully increasing work efficiency by holding product develop-
ment meetings and preparing manuals using XVL. Currently, XVL
is the cornerstone of communication at the company.

33
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Table 4.1 (continued)

4 Benefits of Lightweight 3D Data

Company

Outline of user applications

YAMAGATA CASIO

ALPINE PRECISION

TOKAI RIKA

CASIO

L3
COMMUNICATIONS
(USA)

KVAL (USA)

MAN (Germany)

Has increased production efficiency by 30% by adding XVL to
manufacturing and assembly specifications. The company also
added XVL to the process management system, improving the
process management of die and mold making. By incorporating
information such as tolerance and finished state in XVL, the com-
pany has successfully established a 3D drawing-less culture.

By replacing reports and drawings prepared during die and mold
making with XVL, the company has enhanced information sharing
between the designs and manufacturing departments. With XVL
they are able to prepare for manufacture from an early stage, en-
hance die and mold quality, and enhance design quality by feeding
back manufacturing information. The company is also using XVL
for information exchange with overseas bases.

Has increased manufacturing efficiency by “visualizing” die pro-
duction information with XVL. At the company, experienced
engineers draw up specifications using 3D data and manufacturing
is carried out according to these. By distributing XVL data, they
have enabled production, inspection, and manufacturing depart-
ments that do not have CAD systems to provide design feedback.
Has a system for compiling instruction manuals and parts catalogs
using 3D data. This company uses XVL for most products. By
developing a system which allows anybody requiring 3D data to
convert to XVL via the web when they want it, they are smoothly
using 3D data in downstream processes.

By standardizing use of 3D data amongst all suppliers and partner
companies, this company has sharply reduced costs. They also
provide their customers with 3D process animations for product
assembly. Customers can use these animations for product mainte-
nance.

Have dramatically increased maintenance efficiency by managing
customized product information using XVL. This company has
also shortened the technical training of new engineers by effective
use of 3D data.

Have incorporated XVL into their company-wide product data
management system, dramatically improving communication. Also
installs XVL Player in a large number of PCs at the company,
realizing 3D information transfer.

4.1 Use of XVL in Design Review

Professor Takahiro Fujimoto of the University of Tokyo says that there are two types
of manufacturing industries: combination (modular) manufacturing and collabora-
tive (integral) manufacturing (Figure 4.1). With the combination manufacturing, the
final product is made by assembling all the pre-designed parts. Each part serves
adiscrete function, so a product can be made just by combining the parts. One exam-
ple of a combination manufacturing product is the PC. On the other hand, in collabo-
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1. Combination type (modular)

— Produce individual products that are optimized for single functions and can be combined in
diverse ways to produce optimal systems.

2. Collaborative type (integral)

— Produce integrated products that require simultaneous adjustment and optimization of
individual parts to achieve optimal performance.

1 Modular type (Example: PC System) 2 Integral type (Example: Cars)
Calculaton & [ pPC Driving safety <, Suspension
Projecon CO__ | Projector Riding comfort Body
Printing &) [ Printer Fuel efficiency Engine

Japan Manufacturing Philosophy (Fujimoto)

Figure 4.1 Types of manufacturing industry

rative manufacturing the component parts of a product must be adjusted and opti-
mized together in order to achieve the best performance. The Japanese automotive
industry is particularly adept at collaborative manufacturing. Since collaborative
manufacturing products require integration and optimization of diverse parts, com-
munication between the designers and engineers involved is very important. There-
fore, Design Review (DR) is a critical process for collaborative manufacturers.
Without DR, locally focused designers would not understand the overall system — a
major cause of design errors. Design errors in turn result in unnecessary and costly
design changes. In particular, design changes after production begins incur massive
costs and time delays.

During DRs, everyone involved in the whole manufacturing process from de-
sign to production technologies, mass production, maintenance, efc. gather to dis-
cuss the details using 3D data. They look for design errors, determine if the assem-
bly process would be smooth, and investigate possible manufacturing problems.
The results are fed back to the design department to increase the design quality in
the design stage (Figure 4.2). This means that problems that may occur in the
downstream processes are predicted and prevented. Use of lightweight 3D data
dramatically increases the efficiency of DR itself. Not only does it allow massive
volumes of 3D data to be handled easily during DRs, but it also enables data shar-
ing over different networks. More importantly, the use of 3D data enables DR to
be made mandatory, so that design quality problems can be thoroughly detected
and resolved in the design processes. This minimizes the number of problems that
are discovered in downstream processes.

At collaborative manufacturing companies, data volume becomes massive when
products are expressed in 3D CAD, making it incredibly difficult to review the data
during DRs. The heavier the 3D data, the slower the viewer response. Current mod-
els are so large that it is impossible to display all the data in a single CAD session.
Therefore conventional DRs are carried out using 2D drawings and cross-sections
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Figure 4.2 Effects of design review

that are prepared beforehand by the designers. Such DRs not only take a long time
to prepare for, but also cannot be participated in by designers or engineers who are
not drawing-literate (Figure 4.3).

Figure 4.4 shows the benefits of DRs using X VL. In the past, when part inter-
ference used to be checked by CAD, it was necessary to remove unimportant parts
from the CAD data in order to be able to generate the 2D images and cross-
sections. It was also necessary to visually check the cross-sections to find interfer-
ence problems. This results in problems such as overlooked interferences and extra

]
* Method . o J' -
— Output 2D drawings and cross-sections in 4 4.
design units, gather all of these in one large . |
Fa o

room, and study

Iterative process; identify new cross-sections,
generate images, and check again

Preparations take a long time

Must to be able to visualize 3D from 2D
drawings and cross-sections

Otherwise cannot participate in DR!

Figure 4.3 Conventional design review methods
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Figure 4.4 Benefits of design review with XVL studio (1)

man-hours. XVL resolves all of these problems by automatically detecting all
interferences on the complete model.

XVL can also perform clearance checks. Designers generally know from ex-
perience what clearance values are necessary to prevent defects. XVL can auto-
matically detect and report locations that are below these values. As shown in
Figure 4.5, XVL is able to calculate interference in large models without having
to subdivide the data each time. XVL can also calculate interference by offsetting
surface data. This is useful for checking car body surface data. XVL therefore
reduces the time and increases the accuracy of interference and clearance checks.
By pinpointing problems in the design stage, XVL makes it possible to resolve
them before they move downstream.

+ Can handle large models
+ Can also detect interference of steel plates using offset function

o e s e o s dince datais large, cannot check
interference without dividing
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Figure 4.5 Benefits of design review with XVL studio (2)
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4.2 3D Parts Lists

The preparation of parts lists is a common and standard practice for managing
parts information in the manufacturing industry. Parts lists provide parts informa-
tion and shape information such as structural information (i. e., component parts
making up the part), delivery time for each part, product specifications, supplier,
quantity, efc. Normally, parts lists are complied by summarizing part attribute in-
formation using a word processor or spreadsheet. As shown in Figure 4.6, they are
generally output on paper, annotated with notes and hand drawings, and distrib-
uted to related parties.

The use of lightweight 3D data for all of this changes the whole situation. Fig-
ure 4.7 shows a parts list with 3D shape data. Lightweight 3D shapes can be lin-
ked to parts information and shared over the network. Figure 4.8 shows a method
of automatically generating such 3D parts lists. XVL tools can automatically com-
bine parts information in Comma Separated Value (CSV) form with 3D shape
information in XVL to produce a 3D parts list which can be shared on the net-
work.

Figure 4.9 summarizes the benefits of 3D parts lists. Automatic generation of
the parts list eliminates the need to draw illustrations and paste them on the parts
list by hand. It also eliminates the need to match parts and part data, and all match-
ing errors that may occur in the process. Also, attribute data can be added to 3D
parts lists and the parts lists can also be output on paper. Furthermore, 3D parts
lists can be easily updated to track design changes.

Some companies use the same technique to create 3D parts libraries based on
XVL. They search for shapes by manufacturer name or part name, and check these
shapes using 3D data. As many standard parts have similar shapes, often it is

Parts information in

company's parts
management table
Long man-hours because
prepared by hand
: £ =]
i, ; | N o E
) = P B g—
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Create illustration Merge illustrations Print out and
Enter annotations and parts information distribute parts list

Figure 4.6 Distribution of parts information using paper
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Figure 4.7 Example of 3D parts list using XVL

difficult to identify the correct part from 2D images only. 3D XVL makes part
identification much more accurate. In the past it was expensive to build and main-
tain such parts libraries; however, with the method shown in Figure 4.8 3D parts
libraries can be created more or less automatically.
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Parts attribute
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« Automated generation of 3D parts list which is easy for all to understand
» Company-wide information sharing using lightweight 3D data

Figure 4.8 3D Parts list after XVL implementation
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Figure 4.9 Benefits of 3D parts lists

4.3 3D Parts Catalogs

Many companies use parts catalogs to provide parts information for maintenance
and procurement. Parts catalogs typically specify parts structure, shape, and attri-
butes. As shown in Figure 4.10, parts catalogs were usually prepared on paper

| Preparation of parts catalog I

Revisions with
addition of new
equipment

1) Increased catalog
volume

2 ) Need to distribute

to overseas

Figure 4.10 Problems in conventional preparation of catalogs
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Figure 4.11 Conventional illustration method

and distributed to sales and maintenance people. Global companies also needed
to translate or reformat them for distribution to their overseas partners. And they
had to be redone every time design changes were made, further increasing costs.
Figure 4.11 shows the traditional methods of preparing illustrations for parts
catalogs. In one method the illustrator envisions the 3D shape from surface
drawings, and draws it by hand using illustration software. Since parts catalogs
can contain dozens, hundreds, or even thousands of parts, creating the illustra-
tions by hand requires tremendous labor and time.

In another method, the 3D shape is disassembled using CAD, and image data is
created from there. This avoids the illustrator having to visualize the 3D shape
from only surface data. But again, this is not practical in the collaborative manu-
facturing industry where there are hundreds or thousands of parts. Then there is
the method where the actual object to be manufactured is obtained, disassembled,
photographed with a digital camera, and then an illustration is made from the
photograph. However, with large objects like cars, the disassembly time itself will
take several weeks, and for even larger objects like cranes, this method is not feas-
ible. It might not even be possible to obtain the actual object. So these traditional
methods all have their respective problems.

Figure 4.12 shows an illustration method using lightweight 3D data. Disassem-
bling lightweight data is much easier than disassembling CAD data into parts. By
using the method shown in Figure 4.8, it is possible to automatically create parts
catalogs directly from the lightweight 3D data. These parts catalogs can then be
distributed on the network, on CD, and even printed.

Figure 4.13 summarizes the benefits of this mechanism, which include lower
costs for those preparing parts catalogs and better comprehension for the readers
of the catalogs. In addition, the data can be delivered worldwide simultaneously
over the web. One company who actually introduced this mechanism says that 3D
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manuals are clearer and easier to understand intuitively and they are becoming the
main source of reference by many of their employees. Employees were provided
both paper and network-distributed manuals, and most preferred the digital manu-
als. Given that not all users are connected to networks, this company distributed
paper manuals as standard. However, they found that once a user becomes familiar
with the convenience of 3D, they start to prefer digital 3D manuals. This illustra-
tion method can be applied not only to parts catalogs, but to the service manuals

+ Sharing of Parts Catalog Using 3D Data

— Even if the parts catalog is eventually printed, the web is
generally used for distribution

Preparation of
parts catalog

Easier to use than CAD data.
Automatic processes
prevent errors

Resolve difficult parts

in 2D by 3D Simultaneous distribution

o whole world possible

Figure 4.13 Benefits of using lightweight 3D data
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Figure 4.14 Comparison of documentation processes

and in-house technical specifications as well. Traditionally, the preparation of
illustrations was started only after the product was completed. But these methods
were expensive, had tight deadlines, and produced inconsistent quality. These
problems can be resolve by generating lightweight 3D data immediately after
completion of design, and using it to automatically generate illustrations.

Creating illustrations from 3D data eliminates the need to produce them manu-
ally. It allows the illustrations to be started immediately after design completion.
As the illustrations themselves are automatically generated on the PC, the quality
is consistent even between different designers, and costs can be cut. As shown in
Figure 4.14, changing the documentation process can provide dramatic improve-
ments to quality, delivery time, and cost.

4.4 Animated 3D Visual Manuals

There is a strong trend toward including 3D animations in manuals instead of 2D
illustrations. 3D animations are often much easier to understand. It is always a chal-
lenge to pass manufacturing knowledge on to new workers, and with the aging of
the workforce and increasing globalization of manufacturing, this challenge is only
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Figure 4.15 Examples of visual manuals using XVL

going to increase. Animated 3D visual manuals can solve this problem by providing
universal instructions that are easy to follow. Figure 4.15 shows two examples of
visual manuals with 3D animations. These 3D manuals show animated work proce-
dures, and can be used as assembly instructions and maintenance manuals.
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Figure 4.16 Conventional preparation of work procedures
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How are conventional non-3D manuals made? Figure 4.16 shows an example.
The authors gather the materials they need, scanning technical specifications and
work drawings, taking digital photographs, and drawing illustrations by hand. Then
they assemble the manual and write the instructions using a word processor. They
usually do not have access to 3D CAD systems or data. Figure 4.17 shows the
drawbacks of this method. The manual is used by experienced instructors to teach
new workers. With more and more Japanese firms advancing into foreign markets,
the lack of guidance instructors for overseas workers is a major problem. More-
over, manuals consisting only of words and pictures are not clear to newcomers
because such paper manuals are not intuitive.

Figure 4.18 shows the benefits of visual manuals using XVL. Authors are able
to directly use 3D data, eliminating the need to draw illustrations or take photo-
graphs. 3D manuals allow users to zoom in on areas of interest, view hidden parts
from other sides, and thoroughly review important animations. 3D manuals give
a greater level of understanding to users. 3D manuals are intuitive and enable
employees to teach themselves. And as long as the data is lightweight 3D, the
manuals can be distributed online. With delivery deadlines growing increasingly
short, it is increasingly important to train for assembly even before the product
actually exists. 3D manuals help such training by shortening the instruction time
and increasing the trainees’ comprehension and retention.

So if 3D manuals are so great, what is the drawback? In the past it has taken
a lot of time to create the 3D animations. But new versions of animation software
are changing this. For example, with XVL all you have to do is tell the computer
the assembly order and it will compute all the animations automatically. You can
then touch them up if you like, but you do not have to. Software like this is mak-
ing it fast and easy to create 3D manuals.
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Figure 4.18 Benefits of visual manuals using XVL

4.5 Sharing CAE Analysis Results

Most companies use Computer-Aided Engineering (CAE) tools during the design
process. CAE tools can simulate forces, such as stress or temperature, on the model
without having to build the actual product. Although some recent CAE systems
have become easy enough for the designers themselves to use, most companies hire
specialized analysts to analyze the 3D models designed by the designers. CAE
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Figure 4.19 Example of CAE data converted to XVL
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Figure 4.20 Example of CAE data converted to XVL

systems are generally more complex and costly than CAD systems. Furthermore,
CAE analysis generates gigabytes of data that can only be displayed using expen-
sive analysis software. Analysts use these results to prepare analysis reports, usu-
ally by pasting 2D images captured from the screen. The rest of the data is often
discarded. If the designer wants to enlarge some detail or view the results from a
different point of view, they need to analyze and calculate again.

One means of resolving this is to convert the analysis data to XVL. The analysis
results can be expressed as color contour maps on the geometry. For example, by
drawing areas of large stress in red, we can tell at a glance where stress concen-
trates. Figure 4.19 shows an XVL contour map of analysis results. XVL contour
maps can express gigabytes of analysis data in a few hundred kilobytes. Further-
more, with XVL it is also possible to add 3D annotations and hyperlinks, making it
an effective means of sharing accumulated design knowledge. Figure 4.20 shows
lightweight 3D models in a format that can be distributed on the web. Sharing these
analysis results, which were formerly available to selected individuals, throughout
the company turns this information into corporate-level knowledge. Young design-
ers are able to learn when problems occur in design, by sharing such analysis re-
sults with other data.

4.6 Sharing CAT Measurement Data

Do manufactured products always exactly match the 3D CAD models that specify
them? In theory they should, but in reality manufacturing processes are not infinite-
ly precise. In the case of the sheet metal, even if it is machined precisely, it eventu-
ally bends due to gravity. The designer must, therefore, take into consideration parts
precision and environmental conditions when specifying the model. So how can the
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Figure 4.21 Example of CAT data converted to XVL

final product be tested to see if it matches the specified dimensions? The anwer is to
use a Computer-Aided Testing (CAT) system. This system compares the final
product to the original 3D CAD models to check the manufacturing accuracy.

A CAT system measures the physical product using a point capture device.
There are two types of point capture devices: contact devices that actually touch
the object and non-contact devices that measure the object using lasers. Lately, the
non-contact type has become more popular because it can measure large volumes

= Sharing of comparison data between product and CAD data
+ Global sharing of manufacturing knowledge

Feedback of measurement
results to product design

/ Feedback to facilities,

Web distribution | —— process design
departments

XVL Studio
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b iR | As quality management tool |
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Figure 4.22 Benefits of sharing CAT analysis results



4.7 Collaborative Design Using Lightweight 3D Data 49

of data in a short time. The measurement results make up a massive 3D point
cloud. Comparing this point cloud to the original 3D CAD data used to require
expensive analysis systems. But, just like the CAE case described earlier, this
analysis can now be performed using XVL and can produce a color contour map.
The results can then be shared throughout the organization. Figure 4.21 shows an
example of CAT data expressed in XVL. The colors correspond to differences
between the 3D model and the actual product. This diagram shows clearly where
the final product deviates from the original specification.

With this method it is possible to raise the manufacturing accuracy of all plants
— even those that are overseas. For example, the manufacturing process for a part
can be worked out at a single plant and then exported to other facilities. They
should then be able to produce the same level of quality. As shown in Figure 4.22,
an XVL-based CAT system ensures high quality in manufacturing by reporting
problems back to design to enable them to further enhance design quality. This is
only possible with lightweight 3D data.

4.7 Collaborative Design Using Lightweight 3D Data

Another feature unique to lightweight data is the use of 3D data for simple commu-
nication. As shown in Figure 4.23, 3D data can be used effectively by all depart-
ments related to design and also between partner companies. One example is the
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ﬁ = - Shape check

3D CAD design department

e —————

. - - Size, annotation, preparation

of cross-section
- Animation - Cross-section check,
Design status check - Interfemm check measurement

Production technology department

Figure 4.23 Collaboration using XVL
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exchange of data between designers and engineers. In the past, a designer in a dif-
ferent location had to send 2D drawings to the engineer, who would then build
a 3D CAD model and bring it back to the designer for discussions.

With XVL, the designer is able to send a lightweight 3D model to the engineer,
who visually checks it, thus reducing the number of meetings needed. Also, the
designer can send XVL models as soon as the initial design is complete, further
enhancing communication with the engineer. One of the greatest benefits of XVL
is that it runs on a standard PC. For example, when demonstrating the design con-
cept, the designer does not need to go to the CAD room where the engineer is
stationed. All he or she needs to do is go to a meeting room with a notebook PC.
Then he or she can demonstrate 3D animations of the product to any audience
— design, engineering, manufacturing, sales, marketing, and maintenance.

3D animation allows those who are unable to picture the design from drawings
to understand the actual product. Data used in this way can also be used for pre-
sentations outside the company and for describing marketing purposes to clients.
As the data is very simple and easy to understand, clients know instantaneously if
they will like the product. Marketing quality is therefore high, compared to verbal
product image descriptions.

Lightweight 3D data is also useful for communicating with suppliers such as
mold manufacturers. For example, if the outsourcer and mold manufacturer do not
use the same CAD systems then it may not be possible to display each other’s
data. Mold manufacturers with multiple clients simply cannot afford to have dif-
ferent CAD systems for each of them. XVL provides a solution by allowing sim-
ple shapes to be shared between the mold manufacturer and outsourcer. Each party
can convert their data to XVL and email it to the other. Each party can then review
and annotate the data and send it back. This process can be used, for example, to
check the parting lines on the model.

This chapter has introduced several applications of lightweight 3D data, from
simple methods of checking 3D shapes to enhance communication, to further
increasing information content by combining 3D data and manufacturing attribute
data or adding animation. One leading-edge example is the method of sharing
CAE and CAT data, which many companies are already using. The following
chapters will describe case studies from three countries, Japan, the USA, and
Germany, of companies implementing XVL. Each case study will describe how
and where they use 3D data and the major issues they have encountered in its use.



Chapter 5

Design Review in Body Design: Case Study
of TOYOTA MOTOR CORPORATION

It is said that 80% of the production cost of a product is determined in the design
stage. Considering the total costs of design and manufacturing in the product life
cycle, it is therefore extremely important to design high quality from the begin-
ning. At TOYOTA MOTOR CORPORATION (TOYOTA), body design quality
is enhanced by performing design review (DR) using XVL. This chapter discusses
the actual uses of 3D data in DR as described by Mr. Junichi Harada, general
manager of the body and electronic parts design division at the Lexus Center.
Mr. Harada says he is concerned about depending too much on 3D, so he is care-
ful about how he uses it. DR is one area where he has found clear benefits from
using 3D. (Note: The following is based on the keynote speech by Mr. Harada at
XVL Solution World held on May 11, 2006.)

5.1 Why is Design Review Necessary?

In order to respond to consumer demand more quickly, automotive manufacturers
are updating their models more frequently. This shorter product change cycle time
is causing major changes to the body development process. More and more com-
panies are switching from progressive development, where production preparations
are started only after design has been completed, to concurrent development, where
design and production planning proceed simultaneously (Figure 5.1). TOYOTA
calls this process simultaneous engineering.

Simultaneous engineering is the method whereby development creates an initial
design and then development and production work together to refine the design
and to prepare for production. In the beginning, a design is developed that meets
the design goals. If problems are detected during the design process, design
changes are made by the designer in charge in real-time. Because the designer
designs using 3D CAD, the design changes are incorporated into CAD data on
a daily basis. Ideally, at the same time drawings that meet the requirements are
finalized and die and mold making is started.

51
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Figure 5.1 Conventional design methods are gradually changing to simultaneous engineering
methods

In the simultaneous engineering environment, both the parts that a designer is in
charge of and neighboring parts change all the time. In some cases, the neighboring
parts change before one even realizes it. This is because the respective designers
change design according to the local design criteria. As a result, interference can
occur between parts from different design departments. The automobile industry,
which uses collaborative manufacturing, produces products that contain several
thousand parts. So interferences can occur very easily even with the simplest of
shape changes. Such interferences can trigger major problems in the downstream
manufacturing process. The later a problem is detected, the greater will the costs be
for changing the design, changing manufacturing facilities, and changing dies and
molds. Ultimately such mistakes can even delay the delivery time. Thus even small
design mistakes can have a dramatic influence on downstream processes. One means
of resolving this problem is DR. DR can detect interference problems early in the
process. But DR is not a one-shot process; it is important to repeat DR since design
changes to resolve problems can themselves cause new interferences. The more
simultaneous engineering is implemented to shorten product development time, the
more new problems will be created. The key to success is resolving these problems
early in design, and one way to do that is to develop a DR system using 3D data.

5.2 Design Review Using XVL

TOYOTA uses Lattice’s XVL Studio Pro in their DRs. In the past, they carried
out DR according to the following procedure:

1. Since CAD systems cannot display very large assemblies, remove all unneces-
sary parts

2. Generate cross-sections of the reduced CAD assemblies

3. Visually check the cross-sections to find interferences
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Interferences can be detected by checking the cross-sections. However, this
method requires the designer to visually check large numbers of cross-sections,
resulting in a tremendous burden on the designer. Also, there are the risks of failing
to generate the right cross-sections and of failing to spot interferences. Further-
more, this burden is heaviest for the designer during the busiest times of the year.

XVL Studio Pro is a design review tool that resolves these problems. It is able to:

1. Display and process a complete automobile at one time on a PC (Figure 5.2)

2. Automatically calculate interferences between all parts, and display cross-
sections of interferences in real-time (Figure 5.3)

3. Automatically generate reports of interference results including pictures and
diagrams of the interferences (Figure 5.4)

At TOYOTA, DR reports are used as overall management sheets, and all prob-
lems are investigated until they are completely resolved. The overall management
sheet has a check column to indicate at a glance whether a problem has been
resolved or not. In actual operations, two types of DR are carried out: DR in
design stage and DR after drawings are re-drawn after the final design. DRs in
design stage are carried out in order to prevent problems from getting out of the
design area. New problems emerge every day during the simultaneous engineer-
ing process, and repeated DRs are an effective means of resolving them before
they magnify. As shown in Figure 5.5, problems are discovered and resolved with
each successive DR.

The final DR, which occurs after the final drawings are created, is the final de-
sign check. It is performed by a third party. At that point all problems must be
resolved. XVL Studio Pro minimizes the time required for the final DR, reducing
the burden on the designers and enabling them to focus on essential and innova-
tive design work.
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5.3 The Actual Design Review Process

At busy design sites it is usually difficult to introduce new business processes and
tools. In order for new processes or tools to be accepted, they must provide clear
benefits and they must not increase the burden on the designers. One effective way
to introduce lightweight DR to a busy design team is to set up a DR Preparations
Team to collect the required 3D data, convert it all to XVL, and then demonstrate
the use of XVL Studio Pro at the DR site. This will enable the designers them-
selves to see how XVL Studio Pro helps prevent interference problems that could
not be discovered any other way. Once they understand the benefits, they will
embrace lightweight DR.

AtTOYOTA, DR is currently carried out in two steps; sheet metal DR and DR of
all parts. Sheet metal DR checks the interference between sheet metal parts. DR of all
parts checks the interference between all parts. The DR of all parts is intensive. Meet-
ing schedules are determined for each body part (door, front body, efc.) to check in-
terferences in detail. All related staff are invited to each meeting. Before each meet-
ing the DR Preparations Team performs an automatic interference check using XVL
Studio Pro to find problems. During the DR meeting the staff resolve all of the prob-
lems on the spot. As simultaneous engineering progresses, interference problems
occur every day. XVL Studio Pro can automatically perform comprehensive inter-
ference checks on very large assemblies and generate reports. The problems are man-
aged on overall management sheets and resolved one by one in follow-up meetings.
All parties involved are gathered and all problems are resolved on the spot. This pro-
cess saves a lot of time for the designers and manufacturers, enabling them to spend
more time on creative work such as developing and manufacturing new products.
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5.4 Applications and Development of Design Review

As designers begin to experience the benefits of XVL Studio Pro, they start to
become more and more positive and enthusiastic about using it for a diverse range
of purposes. For example, they want to use it not only for resolving interference
problems, but also for solving many other kinds of problems. There are many
applications for XVL beyond interference checking. XVL design reviews can be
used for determining the optimum arrangement of cables and wires, reviewing
assembly efficiency, checking the clearance between movable parts, preventing
abnormal sounds, and reviewing product appearance. XVL allows everyone pre-
sent to check these problems together visually, determine what is wrong, and find
a solution on the spot. For example, consider the problem of determining the opti-
mum arrangement of a wire harness in an instrument panel. Wire harnesses are
arranged in a complicated manner in an instrument panel, and XVL Studio Pro can
be used to check the arrangement. CAD is unable to display such large-scale data,
but XVL is able to display all of it at once, thus enabling design verifications.
Sometimes, however, as it is difficult to visualize the bent and twisted portions of
the wire harness on the computer even with 3D. In these cases DR is carried out
while comparing the actual parts. XVL can also be used for problems related to
the assembly procedure. Sometimes the shape or position of a part can cause prob-
lems for assembly or repair. These assembly or repair problems can often be re-
solved by slightly moving or reshaping the part. By displaying all the related parts
by XVL, everyone present at the DR can identify the assembled state of parts,
thereby accelerating the problem-solving process.

This gathering of related parties and visual inspection of large assemblies dis-
played in XVL allows solutions to be reached easily. In the past, even simple
problems took time to resolve if they concerned different divisions. Other appli-
cations of XVL DR include building construction and appearance review. During
construction basic planning, XVL is used to determine if the design follows the
building concept envisioned by the designer. 3D visual display enables the de-
signer to quickly see if parts assembly and positions differ from the original plan.
In appearance review, XVL allows models to be viewed from all directions in-
stead of just the limited 2D drawing views. For instance, with 2D drawings it is
difficult to review the appearance of the lamp at the corner of a car through the
window glass, but 3D display allows the appearance to be checked from all an-
gles. If the designers are able to identify the problem, they will be able to come up
with resolutions naturally. These examples show that there are many different
ways of using XVL in DRs. Other design verification applications are being de-
veloped as designers brainstorm together and identify new targets. The important
thing in these cases is to clear what is to be checked during the DR. Interference
checking is just the beginning. The applications of 3D DR using XVL are as limit-
less as the creativity of the designers that use it.
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5.5 Advantages and Disadvantages of 3D Design

According to Mr. Harada of TOYOTA, the basis of design, that is the objectives
(intentions) of design, basic dimensions, rationale of the design, efc., are decided
by the designers themselves. XVL is merely a means to enhance the degree of
design completion. It is still up to the designer to enhance basic design. The de-
signers must draw up basic design plans. So designers still need to understand the
basics of design and manufacturing.

Recently, there is a trend for young engineers to rely on 3D data as it is sim-
pler. For example, there are more and more cases where the shape is ready, but the
overall structure and design intent are not clear. According to Mr. Harada, this
may be due to the fact that designers tend to rely on XVL and think that they can
review later with XVL. Mr. Harada says that the core of design can essentially be
expressed only on drawings; this is the product concept envisioned by designers
(Figure 5.6). According to Mr. Harada, 3D CAD shape data is merely the result of
changing this “core of design” to shape using CAD. Of course, 3D shapes are con-
venient. It is easy to check shapes and easy to communicate between development
members using 3D. However, designers must express the performance and func-
tions of design on drawings and guarantee this. Supervisors of design divisions
have the important responsibility to pass down the “core of design” and spirit of
manufacturing to young designers. This is an important principle for Japanese
manufacturers.

In the actual design process, it is necessary to make full use of the advantages
of both drawings and 3D data. Even with DRs, it is better to carry out both DRs
based on drawings and DRs using XVL. In drawing-based DRs, the “core of
design” can be checked and the overall concept identified, and sense of scale
confirmed. The advantages of DRs using XVL include spatial effects, verification
of minute parts, and the ability to check problem parts on the spot. By differenti-
ating use of either according to requirements and integrating the advantages of

*Source: Japan Automobile Manufacturér‘s Association

Figure 5.6 Heart of design, basics of design specified by drawings
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both methods, the degree of completion of drawings can be enhanced in the true
sense of the word, which means degree of completion of design also improves.

Of course, the “core of design” prescribed on drawings is converted to 3D
shapes by CAD, and by converting 3D shapes to XVL it can be used in down-
stream processes and by suppliers. 3D data is used as a means to convey informa-
tion. In the future, the trend will be to use 3D data instead of drawings, but as long
as 2D drawings are the final authority, the will continue to convey the “core of
design.” Mr. Harada says that designers must learn to thoroughly identify what is
the core of design before actually proceeding with the design of 3D shapes. And in
the ideal design process, the design concept envisioned is expressed on CAD as
3D shapes.

5.6 Two Goals of Using XVL

There are two ultimate goals in using XVL. One is to reduce the time of trivial
work such as interference checking, which will free designers to concentrate on
creative work such as design. The second goal is to maximize design quality by
combining the merits of both drawing-based DR and XVL-based DR. This uncov-
ers problems early in the design process and prevents them from reaching down-
stream, thus reducing costs and delivery time. However, no matter how useful
a tool is, it means nothing if it is not used. Tools must be used efficiently to
achieve the goals in design. Simultaneous engineering has the drawbacks of cre-
ating more interference problems in design and increasing the amount of rework
during design and manufacturing. The greatest goal of DR is therefore to com-
pletely eliminate such unnecessary work. This will result in improved quality and
faster delivery time in simultaneous development. The importance of DRs is ever-
increasing in the integral manufacturing-type industry, which creates functions
and performance by the combination of numerous parts.



Chapter 6
NIKON: Use of 3D Data as a Communication
Pipeline

NIKON Precision Inc. is a manufacturer of semiconductor fabrication exposure
devices (steppers) for manufacturing semiconductors and liquid crystal display
(LCD) exposure devices for mass producing LCDs. These devices consist of nu-
merous parts and are typical collaborative manufacturing-type products. The use
of 3D data can therefore significantly improve design efficiency at this company.
The use of 3D data can also improve the efficiency of downstream processes. And
although the effective use of 3D data in downstream processes still requires con-
siderable trial and error, XVL has become an indispensable means for communi-
cation at the NIKON group. This chapter contains an interview with Mr. Kiyotaka
Yamamoto, the head of the precision machinery department at NIKON Precision
Inc., about their endeavors to incorporate XVL in their design and manufacturing
activities.

6.1 Environment of Semiconductor Fabrication Devices

The semiconductor fabrication device is a machine for mass producing semicon-
ductors required for digital equipment. Semiconductors are indispensable to auto-
mobile control devices, PCs, cellular phones, efc. As shown in Figure 6.1, this
device has an extremely complicated mechanism, and consists of up to 100,000
parts in total. Product development time is usually long, over one year. In order to
manufacture semiconductors which are growing more and more complex, the
manufacturing systems themselves need to be high precision, and new manufac-
turing technologies are required to keep pace with the growing precision. Also,
competition with rivals in the same industry is driving shorter and shorter product
cycles.
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Figure 6.1 Semiconductor fabrication device and mechanism

In this severe environment, NIKON’s development department encountered
a huge obstacle. In order to design products which continue to grow massive in
scale, they were required to divide the design responsibilities. The design engin-
eers for different areas became highly specialized, and they were committed to
maximally optimizing their individual parts. As a result, there were very few de-
sign engineers who were able to oversee the entire development process, so design
reviews (DRs) to grasp the whole picture had little substance. It was therefore
difficult for NIKON to optimize design which took into account the whole picture
and motivate design engineers.

That was one problem. Another problem was that at that time the company had
no CAD facilities in its downstream processes. Even though 3D data was avail-
able, they had yet to be able to use the 3D data effectively. Work could only be
carried out on drawings. The key to resolving these problems was to restructure
the business processes and make them more efficient by incorporating 3D design.
This consists of two aspects: design process innovation by 3D design and use of
lightweight 3D XVL data in post-processes.

6.2 Design and Manufacturing Process Innovation with 3D Data

Figure 6.2 shows the applications of 3D data at NIKON. In their design department,
3D CAD is used by more than 100 staff members to design each functional part.
CAD data is directly used when there is a need to prepare tool sheets and assembly
check sheets simultaneously with design work. For other applications in production
and manufacturing, such as shape verification, manuals, efc., the CAD data is con-
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Figure 6.2 Use of 3D data in design and post-processes

verted to XVL and used. Figure 6.3 shows the areas using 3D data at NIKON. In
their design department, CAD is used to perform design. Even in departments re-
quiring CAM data, such as machining departments, CAD data is used as it is.

On the other hand, lightweight XVL is used in production management, in
downstream processes such as logistics and development, and in the preparation of
presentation materials. At NIKON, 3D data was first used by the design depart-
ment. In 2003, 3D CAD was installed with the goal of verifying the whole product
in 3D. 3D data was also used during meetings to help motivate design engineers.

As semiconductor fabrication devices are made up of 100,000 parts, design en-
gineers need to cooperate with each other in design work. Since CAD is unable to
display the whole semiconductor fabrication device at one time, in the past each
designer would review only the parts they controlled. For DRs, in the past, design
engineers would prepare 2D drawings and explanatory full scale drawings.
Now DRs are performed directly using 3D data. The design department no longer
needs to prepare explanatory drawings in order to explain their designs clearly.
The use of 3D designs therefore encourages and motivates participating staff to
a great extent in every way.

Figure 6.4 shows the adoption curve of 3D CAD in manufacturing. Given that
3D CAD is not easy to use, in the beginning NIKON had specific CAD operators
instead of design engineers using the 3D CAD systems. However, design engin-
eers gradually started to use 3D CAD systems themselves, because through DR
they experienced and enjoyed the advantages of 3D CAD. Eighteen months later
the design engineers at NIKON were all using 3D CAD.
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Figure 6.3 Promotion of use of 3D data by department

Initially PCs and projectors were distributed to the design department during
meetings and DRs in order to view the 3D data. Within six months 3D data was used
in all design meetings, and within two years it was used throughout the company.
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Figure 6.4 Adoption of 3D CAD in the design department
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6.3 Difficulties Using 3D Data in Downstream Processes

NIKON encountered difficulties using 3D data in downstream processes. 3D data
was shared between the manufacturing and design departments. However, the
company found that the downstream staff would not use 3D CAD if it was not
convenient or necessary, and especially if its usefulness was not clear.

The downstream departments are divided according to function, such as the as-
sembly department, the publications department, etc. This made it difficult for
those promoting the use of 3D data as they could not find advantages common to
all departments and did not know how to promote the use of 3D data to each de-
partment. The breakthrough was to familiarize the downstream departments with
3D data through DRs. By carrying out DR based on 3D data, the manufacturing
department would ask the design department for specific 3D data. Manufacturing
staff found that they often wanted to use 3D CAD but did not know how to. They
needed a lightweight 3D solution. Next, NIKON had to choose the type of light-
weight 3D data to use. Given the advantages of small data size, free viewer, and
easy conversion of 3D CAD data, they chose XVL. But upon actual use, they im-
mediately encountered problems. The semiconductor fabrication device had too
many parts. It took five days to manually perform XVL conversion of 70 units with
70,000 parts. This meant it would be impossible for them to achieve their initial
goal of supplying design data to the manufacturing stage in a timely manner.

The solution was to develop an automatic conversion system. In just one month
they added XVL conversion into their CAD data management system. The new
system automatically converts data to XVL for each part and assembly, and can
convert 70,000 parts overnight. With this system, they are able to send data to
downstream processes as development reaches each level of completion. Finally,
their design department was able to share 3D data with the manufacturing process
in a timely manner.

6.4 XVL’s Role as a Communication Pipeline

At NIKON, XVL is gradually establishing itself as the cornerstone of communi-
cation unimaginable in the past. In the beginning, 3D data was used for meetings
and documents. Figure 6.5 shows a meeting discussing product improvement using
XVL data. XVL is easy and convenient in meetings of downstream processes.
Figure 6.6 shows an example of reports and procedures. Previously drawings were
sampled, converted to a 2D drawing interchange file (DXF), and pasted in to docu-
ments. After the actual part was manufactured, it was photographed using a digital
camera and the picture was used to create drawings. Now, 3D XVL models are
simply pasted in to Microsoft Word and Excel. This has sharply reduced the time
and work required to prepare documents, and also enabled manuals to be created
immediately after the design is completed and the 3D data is available.
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Figure 6.5 Meetings using XVL for product improvement

By using 3D data, NIKON has been able to cut costs by 30% and shorten de-
livery time by 15% in preparing manuals and reports. NIKON also uses XVL to
find similar shapes in design data, reducing the time for shape recognition by
10%. At NIKON, XVL has become an indispensable tool for communication.
Figure 6.7 shows that information can now be accurately and efficiently conveyed
by 3D data not only inside the company, but with other NIKON group companies
and with partner companies.

At present, NIKON says they are advancing yet another step forward. As the
adoption of 3D design has sharply increased the workload of design engineers, they
are currently attempting to reduce this cost by replacing some of the 2D drawings
with 3D data (Figure 6.8).

Procedure Report

Instructions Memo

Reference Drawing

Figure 6.6 Example of use of XVL in specifications and procedures to enhance communication
efficiency
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Figure 6.7 XVL is a MUST tool for efficient communication

In the past, they prepared assembly drawings by combining parts component
information (component lists) and several drawings. With large-scale products, in
order to convey information in a clear manner, design engineers had to make
many drawings, which usually took one or two weeks even after the designer had
completed the design using 3D data. By improving the display and operational
methods of the XVL viewer and making it easier to check the attached position of
parts, the company was able to replace these drawings and use XVL to convey the
positional information of parts.

» Current parts assembly drawing  * After simplification

—

TS

Figure 6.8 Simplification of drawings using XVL
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Figure 6.9 Flow of design information from design to post-processes

Figure 6.9 shows the flow of information from design at NIKON. Design is per-
formed by CAD, and at the point design is completed, component lists and CAD
models are released. The part data and models must be combined in a process
called drawing registration. With XVL the data is automatically processed at night,
and the part data and XVL model are linked and released to related departments.
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Figure 6.10 Example of view model using XVL Web Master
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Figure 6.10 shows a released view model. It was automatically generated by
XVL Web Master using one of the basic templates. One outstanding feature of this
template is that the parts list and shape are linked, and this has dramatically re-
duced the number of required assembly drawings.

6.5 Security: A Pending Task

To further promote use of 3D data, NIKON say they need to overcome two tasks
related to XVL, namely handling of enormous volumes of data and handling of se-
curity. As the use of a semiconductor fabrication device involves massive data
volume, high-speed display of large-scale data and high-speed illustration are ne-
cessary.

The problem of data display is being resolved by the newly developed V-XVL
technology (xv2) by Lattice. XV2 was specifically designed to display large vol-
umes of data quickly and with a small memory footprint.

The problem of security arises from the lightweight nature of XVL. XVL is
small enough to be easily sent by email and read by outsiders. So the company has
developed an XVL security system linked with in-house authentication systems.
Generally, such systems should be installed to ensure security before further pro-
moting the use of 3D data.

In summary, the introduction of XVL at NIKON provided three main advan-
tages:

1. Realization of front-loading by improving efficiency of design process and mo-
tivating design staff, and promotion of communication between manufacturing
staff and design engineers

2. Sharp reduction of time and costs for documentation by using 3D data

3. Easier and clearer communication between the design and manufacturing de-
partments, partner companies, and suppliers

In particular, NIKON found unexpected benefits from using XVL as a commu-
nication pipeline. When the company resolves issues such as security, they will be
able to benefit even more from the use of 3D data. NIKON Precision Inc. is stead-
ily succeeding in the effective use of 3D data in their downstream processes.






Chapter 7

YAMAGATA CASIO: Digital Engineering
Practiced at Injection Mold Plant and Transfer
of Technological Information

YAMAGATA CASIO is the manufacturing subsidiary of CASIO, a company
which manufactures watches, digital cameras, cellular phones, efc. The business
activities of the subsidiary include product assembly for CASIO and an independent
parts business which includes the manufacture of precise mold and molded parts.
The company introduced 3D CAD/CAM into their parts business from a very early
stage, to ensure thorough data use via networks and start the complete digitalization
of their manufacturing process. By applying XVL to production instructions and as-
sembly instructions, they have been able to improve production efficiency by 30%.
They have also integrated X VL into their process management systems. The fol-
lowing sections are from an interview with Mr. Takaya, Deputy General Manager,
Engineering Department, Plastic Device Devision of YAMAGATA CASIO, as of
May 2006.

7.1 Digital Equipment Market

The prominent products CASIO makes, like mobile phones and digital cameras,
have a short lifespan; four months in the case of mobile phones and six months for
digital cameras. Based on the ever-changing consumer need, product assembly
manufacturers like CASIO have to shorten development lead time (Figure 7.1).

Set manufacturers such as CASIO are customers of YAMAGATA CASIO.
These set manufacturers produce products quickly by carrying out production
preparation in one go. YAMAGATA CASIO has successfully shortened produc-
tion preparation time by adopting 3D CAD data and digital distribution of techno-
logical information. In addition, they also have a system to automatically gather
data via the network and monitor machine tools and molding machines on the
network, thus creating a stable supply of molded parts.
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Figure 7.1 Market needs sought by digital equipment manufacturers and response

7.2 3D CAD/CAM and Network

Figure 7.2 shows the transition in 3D design data. The company introduced
2D CAD in 1988, and then CAM/CAE systems. In the first half of the 1990s,
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Figure 7.2 Conversion to 3D data and networking in design and manufacturing work at
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they introduced 3D CAD, linked it to CAM/CAE, and started using 3D data. As
a result, in as early as 2000, the whole design department was already using
3D CAD/CAM systems. At the same time, the company also built a system to
transfer information via the network. In 2002, the company started to focus on
the use of 3D data in design and manufacturing. They began to generate XVL as
viewer data and to transfer technological data using such tools as “XVL Web
Master” (management tool which links parts list and XVL) and “XVL Note-
book™ (documentation tool). In addition, they digitally linked CAD/CAM/CAE
systems, mold machine tools, and molding machines for monitoring purposes.
For machine tools, they networked machining centers and electric discharge
machines, and for molding machines, they even linked their auto stockers (ma-
chines that pack products into boxes) to the network. If they found any problems
in the processing state, the system would mail the situation to the mobile phone
of the person in charge.

Figure 7.3 shows the flow of digital data. The company receives product data
and specifications from their customers. Based on this, the company models the
product, designs the mold, and designs the jigs (tools) using the Unigraphics
3D CAD system.

After this, based on customer requirements, they construct prototypes using 3D.
They use the resulting 3D shape data for CAM and CAE. For downstream pro-
cesses, they convert data to XVL. For example, in the jig design process, they
would use XVL to determine the best method of controlling the location of a work
piece by a jig for mass production.
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Figure 7.3 3D digital data flow: XVL is used downstream
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7.3 Why 3D Design Alone is not Effective

This brings us back to the question, what exactly is design? According to Mr. Ta-
kaya, it is embodying and expressing whatever one envisions (Figure 7.4). Using
whatever knowledge is available, the designer expresses his or her best vision
according to specific procedures. In other words, the designer first decides what he
or she wants to make, picks the shape and material, decides how to make it, and
expresses this on drawings and specifications. Drawings are therefore for express-
ing the intent of the designer, not a means to transfer shape. The design intent that
the designer wants to convey is diverse, ranging from shape and size to tolerance,
joint state, important dimensions, materials quantity, machining procedure, and
finished state, and most of this design intent is conveyed using drawings.

3D CAD data only expresses shape, which means the effects of designing by
3D are limited. This is because without drawings, the designer is unable to convey
his or her intent correctly. Drawings therefore still play a very important role in
the design process. After completing 3D design, the designer has to make numer-
ous drawings. According to Mr. Takaya, at YAMAGATA CASIO they started to
use CAD to work on 3D surface models instead of 2D, and then went on to use 3D
solid models to implement 3D design. However, even in such an environment, it
had not been easy for them to stop using drawings. They have finally been able to
realize complete use of 3D data with the evolution of XVL and after the tools for
XVL became available, and established a system for transferring the design intent
to downstream processes without drawings.
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Figure 7.5 Problems of conventional design methods

As Figure 7.5 shows, in previous design and manufacturing processes,
YAMAGATA CASIO had been using 3D data and 2D drawings that express
design intent because without drawings and work instructions they were not able
to carry out their manufacturing work. However, in their design process, they only
can start drawing after completing 3D design. The essential problem lay in this
drawing process, which hindered them from shortening the manufacturing time.

The introduction of 3D design proved very effective in terms of accuracy and
quality. But then again, in order to enhance efficiency of downstream processes,
they had to eliminate drawings completely. They found that they were unable to
shorten overall lead time just by introducing 3D design.

7.4 Ideals of Design and Mold Fabrication

Figure 7.6 shows the ideals of the process from design to mold fabrication. Ide-
ally, only 3D data should be used from design to all processes at the manufactur-
ing site. As the figure shows, manufacturing problems faced at YAMAGATA
CASIO can be resolved by a process management system and without using draw-
ings. All molding information can be centrally managed.

In the design process, previously attribute information was incorporated in
drawings. Now it can be input by a CAD system. Custom programs can then ex-
tract the attribute information as a table in CSV format. This processing informa-



74 7 YAMAGATA CASIO

Parts data
output

Process

“Er. Koutai"

Make use of
advantages of
3D data

NC conversion of
general machining

Manufacturing
specifications
using 3D data

In future, linkage of 3D data in

all pi and manufact
ithout using 2D instr

such as drawing

XVL Web Master

XVL Notebook

Figure 7.6 Design and mold fabrication in the future

tion and parts information can be integrated with XVL and shared. Furthermore,
this sharing can begin at the earliest stages of design. For the downstream proc-
esses, status information allowing accurate tracking of schedule changes is pro-
vided.

XVL Notebook is used to create processing instructions with 3D data. This
tool allows part attribute information from the CAD data to be seen at the manu-
facturing site. 3D data and attributes linked, and the joint state of mold surfaces,
which is important for mold making, can be visually checked. The 3D data also
enables the user to understand complicated fittings that would not be clear from
drawings.

This system allows accurate information to be transferred even to outside proc-
essors. XVL Web Master is used to generate assembly instructions, allowing veri-
fication of the part positions and the actual assembly process.

This system helped YAMAGATA CASIO shorten production lead time by
30%, something which was not possible with 3D designs alone.

7.5 Introduction of Process Management System

Another important endeavor was the company’s introduction of a process man-
agement system (Figure 7.7). This system transfers design information to down-
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Figure 7.7 Outline of process management system

stream processes, tracks the progress of each process, and manages the workload.
They chose the “Dr. Koutei Pro” system developed by CIM Technology, Co., Ltd.
“Koutei” means a step in the manufacturing process. Integrating XVL into this
system enabled them to fabricate molds without using any drawings. This system
contains the processing procedures and required man-hours for each and every
part. All the man-hours required for fabricating multiple molds are added up and
the points where workload tends to concentrate are checked. Processes requiring
excessive man-hours are re-planned to level out the workload.

Actual values are input in this system according to the progress of manufacturing
at the company. Totaling up and distributing the results each day provides daily
updates to the management plan and enables processes to be rescheduled as needed.
As shown in Figure 7.8, operators refer to parts diagrams specifying the rough work
procedure per part and the Gantt chart indicating work details to confirm what is to
be done that day. Since 3D data of parts is also linked to the process management
system, this combination of process management system and XVL allows the
manufacturing process, progress, and product data to be checked all at once. For
example it shows instantaneously which parts of the mold had problems, efc.
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Figure 7.8 Integration of process management system and XVL data

7.6 Changes in Information Transfer Media with Increased Use
of 3D Design

Figure 7.9 shows the changes in the design tool at YAMAGATA CASIO, and
how, as a result, their media for transferring information have changed. In the
1990s, they changed from drafter to 2D CAD. However, they continued using
parts drawings to express most product management information such as dimen-
sion, tolerance, and materials. Then in the latter half of the 1990s, they introduced
3D CAD and were finally able to replace shape and dimension data with 3D data.
At the same time they changed the method of conveying information. Instead of
drawings, information such as design changes and finished state were transferred
through technical meetings. However, for mold inspection specifications they had
to write instructions for the inspection as 2D drawings and for assembly proce-
dures they had to describe how to assemble the parts on paper. This information
was therefore conveyed to downstream processes by the analog means of paper.

Currently, YAMAGATA CASIO is experimenting with 3D digitizer to evalu-
ate 3D products. As shown in Figure 7.10, the 3D digitizer measures the object
and produces a point cloud. The point cloud is compared to the original XVL
model, and the differences are mapped on 3D data as a color map. The company
says this 3D evaluation method allows them to easily find warps and deformations
in the final product.
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Figure 7.9 Transition of design tool and information transfer media
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Figure 7.11 Efforts for drastic reforms in manufacturing process

As shown in Figure 7.11, the company was finally able to switch from 2D pa-
per drawings to digital data with the appearance of XVL, the 3D data format
which allows 3D and attribute expression, and information integration tools such
as XVL Web Master and XVL Notebook. These tools allowed them to share part
attribute information among sections, enabling drawing-less communication. As
mentioned above, 3D data is unable to convey all the technical information re-
quired for manufacturing. What is required is a system which automatically links
technical information to 3D and distributes it digitally. With such a system,
YAMAGATA CASIO was able to break away from their long practice of having
to use 2D paper. By thoroughly implementing the use of 3D for both software and
hardware, they succeeded in establishing a 3D culture, shortening development
time, and realizing short-term intensive production. This is an epoch-making ref-
ormation of the manufacturing process at the company.

7.7 XVL-based Technical Information Distribution Key
to Success

There were three keys to YAMAGATA CASIO success in digitalizing information
distribution, as shown in Figure 7.12. The first was setting down rules for convey-
ing technical information to people outside the company and between different
CAD systems. The company says it was necessary to establish rules to ensure con-
sistent communication of design intent — especially tolerance, finished state, and
jointed state. The second key was automating the translation and flow of informa-
tion. Busy designers tend to shun tedious work, and to them, the job of having
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Figure 7.12 Further progress of information distribution in future by 3D data

to convey information to the downstream processes is needless work. So, such
simple work must be automated as much as possible. The third key was the avail-
ability of a 3D viewer which can be used in downstream processes. It was neces-
sary to distribute shape information, as well as assembly, layer, and attributes. It
was also important to be able to search for attribute information and extract what
was necessary from a massive volume of information. And of course, they had to
accurately convey record of changes and differences before and after changes.
Currently, the company uses XVL Notebook for this. Now that the company has
a fully 3D infrastructure, it will be even more important for the company to en-
hance the means of expressing and conveying the design and technical information
to support their manufacturing work.






Chapter 8
ALPINE PRECISION:
Report-less and Drawing-less in Mold Making

ALPINE PRECISION plays a core role in production activities at the global com-
pany ALPINE which manufactures on-vehicle information systems such as car
audio and navigation systems. It mainly manufactures on-vehicle equipment mech-
anical units and exterior components. ALPINE PRECISION also serves as the
mother plant of ALPINE’s overseas production bases.

ALPINE PRECISION was an early adopter of 3D CAD for their design activ-
ities in order to promote 3D design at the company. In 2003, the company moved
to completely drawing-less and report-less information exchange, and started using
XVL to share inter-department information including offshore departments. The
company is seeing great returns from using 3D data throughout their design and
manufacturing activities, from mold design to production and maintenance. This
chapter introduces the pioneering case study of ALPINE PRECISION as explained
by Mr. Shigeki Yoshihara and Mr. Nobuyoshi Mizuno of the Die and Mold Mak-
ing Department of the company.

8.1 Weapons for Global Expansion and Delivery Time Reduction

Trends such as global expansion of the Japanese car industry and shorter market
cycles have brought such tasks as globalization and shorter delivery times to on-
vehicle equipment manufacturers. Increasingly short delivery times are compress-
ing the deadlines for die and mold making. Meeting these shorter deadlines requires
fast exchange of information between die and mold design departments and manu-
facturing departments. Sharing 3D shape information and related attribute informa-
tion not only reduces losses in information transfer, but also enhances productivity.
Also, adding mold manufacturing data enables manufacturing information to be
shared with overseas departments as well. The use of 3D data is a powerful weapon
for global expansion of the manufacturing industry as well as for shortening product
delivery time.
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ALPINE PRECISION has used 3D CAM systems in their mold-making activ-
ities since the 1990s, and started using 3D CAD for design in 2000. They adopted
digital manufacturing to increase the quality of their mold making. However, they
found that were not able to make full use of 3D CAD data because they had prob-
lems sharing 3D information and related attribute information inside the company.

To maximize sharing of digital data — and ultimately eliminate all use of draw-
ings and reports — the company launched a campaign to use lightweight 3D data
in 2003.

8.2 Limitations of Business Activities Based on Drawings
and Reports

As shown in Figure 8.1, ALPINE PRECISION faced three major problems with
mold-making methods based on conventional drawings and reports. First was the
need to prepare 2D drawings even though they were doing 3D design. The pre-
paration of drawings in some ways relies on individual skills, i. e., how to prepare
the cross-section or how to express size. The parties reading these drawings also
need corresponding skills. In particular, various difficulties may be encountered
when the exchange is between people from different countries with differing edu-
cational backgrounds. Another problem is when the design and manufacturing
process is carried out based on 2D drawings, the different departments involved
are unable to carry out their respective work concurrently. In order to shorten
delivery, work such as acquiring parts information beforehand and starting manu-
facturing preparations must be done concurrently, and this is difficult to do based
on drawings.

The second problem was the need to prepare massive volumes of reports for
mold making. Reports need to include all the necessary information for the manu-
facturing process in a clear-cut manner, and hours are spent just preparing them.

@ Unnecessary drawing
Drawing-based ® Dependence on individual skill
® Difficulty in expanding overseas

@ Unnecessary report preparation

® Input errors

® Difficulty in enhancing information
transfer efficiency

@ Difficulty in concentrating
Information transfer |:> manufacturing requirements

@ Difficulty in feeding back to design
@® Difficulty in constructing mechanisms
for information sharing

Report-based

Figure 8.1 Problems in mold design and manufacturing process
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When a task involves massive work, data input errors are apt to occur. Naturally,
this results in major losses in the downstream process. As long as paper-based jobs
such as reports are required, it is difficult to enhance work efficiency and quickly
transfer information to other departments.

The third problem was the transfer of information. Usually, work methods
based on drawings and reports involve the physical distribution of a range of in-
formation on paper to various departments, which makes it very hard to share the
information required for mold making as well as to focus on important manufac-
turing conditions in the manufacturing process. Moreover, this method makes it
difficult to send manufacturing feedback and requirements upstream to design. As
mold-making bases expand outside the country, it is becoming increasingly impor-
tant to transfer information from headquarters to the various manufacturing bases
and departments spread out all over the country and the world.

ALPINE PRECISION found that they were slowly reaching a dead-end in im-
proving work efficiency in operations based on drawings and reports. The com-
pany realized that the method to resolve the entire problem was to incorporate the
attribute information required for mold making into lightweight 3D data and share
this data throughout the company. They found that in order to be used efficiently,
3D mold data had to be light, have high display accuracy, and have a good re-
sponse. Even the inexpensive PCs at the manufacturing department had to be able
to display large 3D mold models, and the 3D viewers had to be easy to use for
manufacturing staff not accustomed to complicated application software. The
viewer also had to be able to handle attribute information with the 3D data. Based
on all these requirements, ALPINE PRECISION decided to introduce XVL into
their business activities/solutions to innovate their mold-making process. The
following describes how they have succeeded in doing so using 3D data in their
mold-making processes.

8.3 Use of 3D Data for Mold Design Review

When a mold design department designs a mold, they will review the mold from
procedural and manufacturing perspectives with staff from related departments. At
ALPINE PRECISION, they performed these reviews using 2D drawings derived
from the 3D CAD models. However, review by drawings had various problems;
those who do not have the skills to read drawings found difficulty in understand-
ing the proper shape, and because some of the staff from departments other than
design did not have such skills, they were unable to participate in the review.

In addition, reviews could only be started after the drawings were ready. This
meant a delay in reviews if the drawings were late. ALPINE PRECISION therefore
started converting mold shapes to XVL for review by their technical and manufac-
turing departments (Figure 8.2). Since XVL was generated automatically when the
design was complete, these departments could review the models promptly and
accurately. Reviewers were also able to understand the design intent much better.
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Figure 8.2 Use of 3D data in product review by design/technology/manufacturing departments

Before the company started to use XVL, the design department wrote comments on
the CAD models, prepared screen shots (images) of the displayed comments, and
gave these to the manufacturing department for review. When the company intro-
duced XVL, they started adding design review (DR) results directly to CAD mod-
els as annotations, and then converted this to XVL. This system provides clear,
simple communication from the design to the manufacturing department.

In this way, ALPINE PRECISION started having the three departments related
to mold making — design, technical, and manufacturing — preview the 3D models
from their respective standpoints. After the previews, people from the three de-
partments would meet, go over the preview comments, and carry out the DR using
XVL. This preparation greatly improved the efficiency of the DR. XVL itself
serves as an excellent easy-to-understand visual record because comments are
written down on the 3D models themselves. Also, lightweight, digital XVL pro-
motes paperless communication as well as information sharing at the corporate
level. Subsequently, this enables manufacturing requirements to be fed back to the
upstream design department, enhancing the design quality.

8.4 Company-wide Sharing of Design Information

In order to be able to use 3D XVL mold data throughout the company, the XVL
data must contain more than shape information. It must also include production
specifications and parts information, data that is important to downstream pro-
cesses. Designers can add this data to the 3D CAD model, and it will automatically
be converted to XVL. Being light, XVL is capable of handling shape information
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Figure 8.3 Development of mold information at mold design department

and attribute information on the web at the same time. The tool to support this is
“XVL Web Master.” As shown in Figure 8.3, mold assembly drawings and parts
list can be automatically created from XVL and shared on the network. Parts in-
formation and mold attribute information accompanying XVL can also be browsed
using XVL Studio, the viewer software for XVL. This XVL Studio software has
a measurement function which can measure shape size accurately as well as dis-
play cross-sections. This means that as soon as the design department creates 3D
and attribute information, this information can be shared with the manufacturing
department. At ALPINE PRECISION, their manufacturing department is now able
to obtain accurate information instantaneously from the web in the XVL format
(Figure 8.4). Manufacturing processes are now completely drawing-less since the
data for all steps in the manufacturing process can be downloaded from the web.
This in turn has also eliminated reports from the manufacturing process. Since
information such as manufacturing size and conditions can be added to XVL and
shared by the whole company, mold quality is improving. The manufacturing de-
partment then adds manufacturing data such as sizes to the XVL files. Assembly
information is also added in the mold assembly stage, completing the required 3D
shape and attribute information. The final XVL data, including all the manufactur-
ing information, is shared by the whole company.

3D communication has many advantages over drawing-based communication.
For one, it enables the correlation between parts to be understood intuitively, al-
lowing the manufacturing department to carry out their work more precisely and
efficiently. Those not familiar with drawings at the manufacturing site are also
able to see the designed shape in 3D, so information which would be vague on
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Figure 8.4 Acquisition of mold information and addition of information in manufacturing process

drawings is much clearer in 3D. Also the data can be measured and cross-sections
checked visually. This increased understanding reduces the number of questions
for designers and increases work efficiency throughout the company.

In this way, ALPINE PRECISION succeeded in switching from a drawing-
based and report-based communication system between design and manufacturing

Before introduction

Figure 8.5 After XVL introduction, succeeded in realizing zero drawings and zero reports
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to an XVL-based communication system. This has increased design efficiency by
40%. Back when they were using drawings, they also needed the time to decide
whether to draw the cross-section on paper and where to set the tolerance. With the
new method, there is no longer the need for such drawing skills, resulting in zero
human drawing and report errors.

As shown in Figure 8.5, drawing information is replaced by XVL and reports
by XVL generated by XVL Web Master and attribute information. Compared to
2D drawings, XVL provides significantly more information volume. Using the
time saved to perform more DRs, improves the design quality even more. The
information flowing between the mold design department and manufacturing
department is accurate and prompt, and this helps deepen the relationship between
the departments. Enhanced communication between departments contributes to
enhanced productivity both tangibly and intangibly.

8.5 Review by Mold Manufacturing Department

The manufacturing department at ALPINE PRECISION carries out simple oper-
ational simulation using XVL to review problems before trial production (Fig-
ure 8.6). At this time, manufacturing conditions such as actual mold size are de-
termined. The review results are added to the file as mold history information using
XVL Studio. Publishing the XVL data to the web using XVL Web Master makes it
easy to share. In addition to sharing the information with downstream departments

Mold Manufacturing Dept. "

Prototype Mold manufacturing review

(XVL Studio)

Mold history registration
(XVL Studio
=XVL Web Master)

Incorporation of
manufacturing
requirements
(XVL Studio)

Figure 8.6 Review of manufacturing in prototype stage of mold manufacturing
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like maintenance, the manufacturing information is also fed back to the upstream
design department. In this way, ALPINE PRECISION also uses XVL for previews
before mass production (Figure 8.7). Defect information in mass production is
registered as maintenance information and converted to a form which can be
shared on the web. This information can be used as information for the develop-
ment of new molds and maintenance procedures.

Another benefit of drawing-less and report-less mold making is it allows manu-
facturing problems to be promptly broadcast to related departments like design
and maintenance. Such activities enhance mold finish quality and manufacturing
speed. Overall, the use of XVL in mold design and manufacturing processes pro-
vides three benefits:

1. Parts information is immediately available, allowing manufacturing prepara-
tions to start earlier. With conventional 2D drawing based operations it was dif-
ficult to obtain parts information beforehand. This has been improved.

2. All related departments can share the manufacturing information, enhancing
mold quality. By incorporating actual size information and mold-making condi-
tions in XVL, the mold finish quality is improved.

3. By adding manufacturing requirements to XVL during the mold-making re-
view, manufacturing knowledge can be accumulated. This allows feedback of
manufacturing conditions from the manufacturing department to the design de-
partment.
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Such information sharing can also be implemented overseas (Figure 8.8). Until
now, when a problem developed abroad, the defect was photographed and discus-
sions were carried out based on these photos. This method of specifying a problem
with offshore bases using countless drawings and reports was slow and cumber-
some. It made it difficult to establish a prompt troubleshooting system. Communi-
cation using 3D data ensures clear and prompt understanding. Lightweight XVL is
therefore useful for overseas information sharing. By sharing mold history infor-
mation and parts information with production bases abroad, problems occurring
outside the country can now be responded to and handled easily. Use of XVL as
a communication tool provides the required information to the department needing
it, accurately and immediately.

8.6 Application of 3D Data to Manuals

ALPINE PRECISION plans to centrally manage XVL data in a database system.
They also plan to implement a security system that will enable them to expand
XVL information sharing with the overseas division and partner companies.

The company is also planning to use XVL animation and illustration functions
in preparing manuals. Armed with the powerful “weapon” that is information,
their mold design and making process will become a solid fortress for their manu-
facturing activities.






Chapter 9

TOKAI RIKA:

Visualization of Manufacturing Information
Mold Making Using 3D Work Specifications

TOKALI RIKA is a manufacturer using 3D data in their operations. The company’s
core business lies in the production of car parts. To enhance their in-house mold-
making operations, the company decided to switch from paper to 3D data. The
company proved very successful by using a unique method of coloring work
specifications. They are using 3D to improve engineering communication in mold
design.

9.1 Tasks and Solutions in Mold-making Departments
at TOKAI RIKA

The increasing efforts made to shorten the product lifecycle of cars are also press-
ing parts manufacturers to reduce their delivery deadlines as well. This is making
it essential for them to revise design and manufacturing processes and enhance
work efficiency. In order to improve efficiency, TOKAI RIKA started using
3D CAD for mold design. However, their manufacturing department continued to
use 2D drawings. To improve the mold-manufacturing process, TOKAI RIKA
started using XVL in 2003. In the old process, when a mold design was completed
the designer would prepare drawings that were colored to specify the required
machining accuracy and work instructions (Figure 9.1). However, it was often
difficult for the engineers in the manufacturing department to accurately grasp the
intended shape from drawings alone. They then had to check with the designers.
This limited manufacturing efficiency, and both the engineers and designers had to
deal with needless work. So, the company decided to use 3D data for their mold-
making operations. They looked for an easy-to-use 3D viewer for their depart-
ments. They wanted a viewer where: (1) the surface color could be easily changed,
(2) it is easy to measure, and (3) they are able to convert from various kinds of
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Figure 9.1 Conventional mold drawing (drawings were colored)

3D CAD data to viewer data. There were several viewers available meeting these
requirements, so they further added three more requirements: (4) lightweight data,
(5) able to run on existing low-end PCs, and (6) could be supported by TOKAI
RIKA’s information system department. Based on all these requirements, the
company chose Lattice XVL.

9.2 Using XVL and Advantages

In the past, after designing the mold shape on the 3D CAD system, the design staff
would prepare drawings for the manufacturing engineers and send them to them
upon completion. This meant the work was sequential, not concurrent. As shown in
Figure 9.2, in the XVL-based process, when 3D design is completed the CAD data
is converted to XVL and sent to the mold-making department. The manufacturing
engineers then add the machining accuracy and work process to the XVL data.

Of course, the design department would have already specified machining ac-
curacy and machining method using different colors on the CAD model, and this
color information is maintained in the XVL model. The manufacturing department
would use this information and, taking into account the operational state of the
machining facilities, would decide which machine to use for each surface: die-
sinking electric discharge machining (EDM), wire EDM, or general machining.
They would then change the color of each surface accordingly (Figure 9.3).
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The company’s use of XVL Notebook to prepare NC programming specifica-
tions is also unique. XVL Notebook is a tool for preparing dynamic 3D docu-
ments. It is able to link 3D shapes and images and show the whole mold and de-
tailed drawings of the mold. It is similar to the detailed and overview maps
displayed on car navigation systems. The NC programming experts at TOKAI

General
processing
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Figure 9.3 Example of expression by coloring in manufacturing process
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Figure 9.4 NC programming specifications from XVL Notebook

RIKA, whom they call “mold meisters,” use this tool to give program instructions
and pass down their knowledge to the other staff. For example, they would be able
to give the instruction “this is to be machined in the general process later, so leave
a 1-mm machining allowance” in detail on XVL Notebook (Figure 9.4). This tool
shows visually the parts for which the instructions are given.

The NC program specifications are then placed on a common server, so that
they can be referred to by the required staff. Staff members preparing NC pro-
grams on CAM systems follow these instructions when programming the ma-
chines. Machined parts can be magnified in the mold specification documents
created on XVL Notebook. Since the magnified views and overall 3D display are
linked, users can tell at a glance which part of the whole mold they are looking at.
With conventional drawings it was not always clear which parts were being
shown. XVL Notebook has enabled mold meisters to share their experience and
knowledge clearly and easily.

The mold-making department took a strong initiative to use XVL Notebook
documents for other purposes as well, such as the measurement instructions for
the part shown in Figure 9.5. Measurement specifications indicated by overview
drawings take a very long time to prepare, and at the same time, they are often
difficult to understand. In XVL Notebook documents, the measurement location
can be checked by linking the images and 3D data. This dramatically enhances
understanding. Also, using 3D data reduces the time required to prepare the
specifications. So, by providing 3D XVL data, the design department helps to
increase the efficiency of manufacturing.
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9.3 Using XVL in the Manufacturing Department

Some employees at the design department opposed the company’s plans to use XVL
for their design and manufacturing processes. It is only natural for any workplace to
find it hard to change from a familiar method. When the company first started using
XVL, the mold design workload increased. For example, they now needed to add
colors to the models. However, the company was able to persuade the department to
cooperate by convincing them that this extra work would dramatically improve
downstream processes. At the same time, there were also strong supporters of XVL in
the mold-manufacturing department. They actively involved to introduce the new
method and started using it to prepare operational manuals. With the company-wide
mission to reduce mold design and manufacturing lead time, the mold-manufacturing
department started to use XVL aggressively. It was accepted that drawing-based
processes could not reduce the lead times, so the department adopted X VL to do so.
Figure 9.6 shows how the manufacturing department uses XVL to verify shapes.

In 2002, the information systems department started using educational presen-
tations to promote the use of XVL throughout the company. XVL educational
presentations were carried out in sections and in groups. Various materials were
prepared for the presentations, from technical introductions to case studies, and
the presentation was tailored to each department. Key manufacturing personnel
were consulted for the case studies. As part of the effort to reduce lead times,
management welcomed and encouraged these efforts. Sometimes, the manage-
ment themselves would also promote the use of XVL together with the informa-
tion system department. Such efforts paid off, and gradually X VL started to spread
within the company.
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Figure 9.6 Checking XVL at worksite

9.4 How 3D Has Improved Operations at TOKAI RIKA

By using XVL, the mold design department no longer needed to specify detailed
dimensions. Unfortunately, some of the partner companies of TOKAI RIKA are
still using drawings in their work, so the company has not achieved a complete
drawing-less environment, but they have certainly been able to simplify drawings
a great deal. When someone working on the machining process needs to know the
size of the mold, etc., all they need to do is to directly measure the XVL data.
Before, whenever size information was missing from drawings, the manufacturing
department would blame the design department.

Another benefit of XVL is better manufacturing time estimation. 3D data pro-
vides more accurate measurement of the machining scope, machined area and
perimeter, resulting in better overall time estimates. Machining ends at the ex-
pected time, allowing mold making to be carried out as planned. Another enor-
mous benefit is that XVL is inexpensive to deploy. For example, viewing XVL
requires only an inexpensive PC. Editing XVL and measuring XVL models re-
quire only low-cost tools.

The unique aspect of TOKAI RIKA’s XVL implementation is their method of
expressing the required machining accuracy by coloring the model surface. In the
past, the manufacturing department added colors to drawings, but this work was
no longer required once the company started using XVL. Eliminating this task
provided a dramatic reduction in man-hours. With drawings, they also had a prob-
lem with complicated shapes because they were unable to paint hidden parts. With
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3D shapes, color can be added to any surface. In addition, the manufacturing de-
partment has its own standardized coloring rules which allow anyone inside the
department to understand the machining details by looking at the colored model.
The mold design department was using different CAD systems, but now they use
XVL as the common format for their manufacturing process. By introducing
XVL, even the mold-making department is beginning to appreciate the advantages
of 3D, in other words, the staff at their manufacturing plants are also starting to
experience the same benefits experienced by designers when they switched from
2D CAD to 3D CAD.

9.5 From 2D Drawings to 3D Drawings

Gradually, TOKAI RIKA started to expand the use of 3D tools from molds to
product design as well, and interest in XVL continues to grow. They are currently
constructing a system for generating XVL for every 3D CAD model. In product
development, when the initial design is complete, related staff would be notified
via email and would meet to review the design. Since staff outside the design
department did not have access to CAD systems, XVL would be used to review
the design. This is one example of how, at TOKAI RIKA, XVL is becoming the
standard 3D format. XVL can be pasted into documents, and downstream depart-
ments — production, inspection, and manufacturing — are starting to use it too.
These departments are accustomed to using drawings in their work, and have been
reluctant to switch to 3D tools. However, as 3D design started to diffuse through
the company, interested started to pick up. Subsequently the company required
that all drawings be 3D, further accelerating the use of XVL.

XVL has been well received as an assembly process design review tool (Fig-
ure 9.7). So TOKAI RIKA constructed a system based on XVL Web Master to send
3D product assembly instructions to their manufacturing plants and overseas manu-
facturing bases. They are finding 3D to be especially useful for overseas communi-
cations where language is a barrier. The company is also encouraging their partners
to use XVL. Very few of these manufacturers have 3D CAD, and when faced with
the need to use 3D data, they find XVL to be very useful. TOKAI RIKA provides
3D CAD data to mold-manufacturing subcontractors who use 3D CAD, but XVL
data has been more than sufficient for subcontractors who do not use CAD.

When a company needs to release 3D data to external parties, security is an is-
sue. This means that integrated security measures are important for documents with
3D data. At present, TOKAI RIKA exchanges XVL data according to the security
rules for 3D CAD data exchange. The company is also planning to distribute 3D
shape information and product assembly animations to Japan and overseas mold-
maintenance bases. They plan to establish practical security rules to expand the
scope of 3D data use. TOKAI RIKA is a typical example of a manufacturer pro-
moting the use of 3D data by replacing color drawings with XVL. By enhancing
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Figure 9.7 Assembly process distribution from XVL Web Master

their business processes with 3D data they have dramatically improved their effi-
ciency. TOKAI RIKA is also an interesting case where the use of 3D data by the
manufacturing department encouraged use at the design department. This case
study shows how lightweight 3D is surpassing 3D CAD/CAM/CAE in use.



Chapter 10
CASIO: Creating Customer Manuals Using
3D Data

CASIO, a leading manufacturer of digital cameras, electronic dictionaries, and
other digital equipment, is a pioneering case study of 3D documentation. Techni-
cally creating illustrations from 3D data is easy; what is difficult is deciding who is
to prepare the 3D data and how, and who is to encourage the use of this 3D data.
This chapter discusses the efforts of Mr. Mitsuhiko Iwata, Manager of the Devel-
opment Department, Technical Division, Design System Development Group, and
Mr. Hideo Kashiwaguma, Manager of R&D, CASIO. XVL was first applied to user
documentation and then it spread throughout the company as a communication tool.

10.1 After 3D Design Practice Started Kicking In

CASIO develops and manufactures a diverse range of electronic equipment, from
consumer goods, such as calculators, electronic dictionaries, digital cameras, elec-
tronic instruments, and watches, to information equipment. The product lifespan
of electronic equipment is growing shorter and shorter, and this is driving shorter
and shorter product development cycles. The Development Department at CASIO
develops and supports design IT tools for all products that the company manufac-
tures, and it is at the lead of shortening development cycles. Figure 10.1 shows the
timeline for the introduction of CAD into the company’s business activities. They
started to use 3D CAD in the early 1990s, and in 1998, they chose PTC
“Pro/ENGINEER” as the company’s standard 3D design tool for PCs. They actu-
ally started using 3D data only from 2002 after they had accumulated an adequate
pool of data. They applied 3D data to a broad range of business activities and
dramatically improved their manufacturing process. As shown in Figure 10.2,
CASIO’s goal in using 3D data was to apply in their design, quality, mold, and
materials departments to restructure their business. They called this “Single
Source Multi Use.” CASIO chose XVL because it is the lightest and the easiest to
use 3D format.
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Figure 10.1 Adoption of CAD at CASIO

Figure 10.3 compares the data volume and data transfer time between XVL and
CAD data. For instance with the CASIO EXILIM digital camera they are able to
compress 20 MB data down to 0.4 MB. At the same time, they are able to reduce
the time to send the data to a subcontractor to 1/90 the original time. Because
CASIO had been outsourcing manual creation to subcontractors and were plan-

Goal: Use 3D data in a broad range of business activities
and advance CASIO’S manufacturing process

“Single Source Multi Use”

Materials

5,5

Mold

Figure 10.2 Reason for using XVL
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Figure 10.3 Data compression and transfer evaluation using actual data

ning to send 3D data to the subcontractors for use to prepare illustrations, nothing
excited them more than the fact that they were going to be able to shorten the data
transfer time.

10.2 e-Manual Project

CASIO first used XVL to create owner manuals and service manuals for their
products. They called such manuals e-manuals. The goal of the e-Manual Project
was to start the manual creation work early using CAD models currently being
designed to generate the manual illustrations. They wanted to use the CAD models
to frontload the manual production process and shorten the manual development
time. This process also enabled CASIO to estimate the approximate time of man-
ual completion from the design stage. Of course designs could be changed later by
notifying their subcontractors of the required changes. To prepare user manuals,
CASIO would allocate work to the respective subcontractors, give them most of
the instructions on how to prepare the manuals, and have the subcontractors pre-
pare the manuals accordingly. Service manuals, on the other hand, are internal
documents and are prepared mainly by subcontractors. The subcontractors create
exploded views using XVL Studio. The exploded views are then output as vector
data, and read into Adobe “Illustrator” to be finished. In the beginning, CASIO
provide CAD data instead of XVL data to the subcontractors. However, the CAD
data was large, took a long time to transfer, and was difficult for the subcontrac-
tors to use to create images. With XVL they were able to reduce the data transfer
time and the workload.
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The advantages of adopting e-manuals were immeasurable. First, they saved
tens of thousands of dollars annually by reducing the time required to draw illus-
trations. More importantly, however, were the manufacturing benefits that:

1. Achieved faster delivery time by starting manual preparation early using the
design data
2. Eliminated errors by giving the manual creators product shape and structural
information
. Reduced enquiries to the design department during the manual creation process
4. Eliminated the need for the sample products that were necessary for manual
creation in the past
5. Completely eliminated inefficient large data transfers for musical instruments
and printers

W

CASIO designers especially welcomed the dramatic decrease in enquiries re-
garding sample assembly and manual creation during busy periods of development.

The e-Manual Project was launched in 2002 and covered 12 models — from digi-
tal cameras to musical instruments — in the first year. After proving its advantages,
it was applied to many more products. Readers of the manuals were also pleased
because illustration quality was more consistent and there were fewer errors. The
digital documents are enclosed with products as well as distributed on websites.
The service manuals are distributed to several thousand recipients on CDs or via
the Intranet. These documents use the vector data generated from XVL.

Figure 10.4 shows manuals made using XVL. These are the actual instructions
manuals of the CASIO EXILIM digital camera and XJ Projector. The company is
now also using XVL for internal technical documents. They use image data gener-
ated from XVL for preparing 3D assembly drawings and quality assurance reports.
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Figure 10.4 Example of use (instruction manuals)
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Figure 10.5 Example
of use (service manual)
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In the case of these internal documents, 2D images are sufficient. However, with the
use of 3D data in e-manuals becoming a standard practice, CASIO is now attempt-
ing to use 3D data for communication. As shown in Figure 10.5, CASIO has been
creating 3D service manuals for its overseas dealers, and they have found 3D ani-
mation to be excellent for these manuals. Animated service manuals are created by
the service department and distributed on the web. Descriptions using 3D anima-
tions are much easier to understand than text descriptions. CASIO has also started
to use viewer products to employ XVL as a communication tool (Figure 10.6). In
this way, the use of XVL has evolved starting with user documentation, then ani-
mated service manuals, and finally as a general 3D communications tool.

| From Use for Documents to Communication Tool |

| 2002 | 2003

Develop as communication tool
_.,0_

Batch conversion
System construction

Promotion of dynamic use

Development of methods
for using documents

Figure 10.6 Developments of 3D data uses in the future
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10.3 Driving Force Behind Use of 3D Data

So what is the driving force that helped CASIO use 3D data smoothly? This can be
explained by three key points: collective conversion to XVL (batch conversion),
expansion support activities, and support from management of the company. First,
what is batch conversion to XVL? To promote the use of 3D data, people requiring
it must have access to it. This is made possible by a web-based conversion system.
CASIO uses Pro/INTRALINK to manage their 3D data (Figure 10.7). This system
also provides a web interface. Anyone can log in and request a model, and the sys-
tem will automatically convert it to XVL and send it to them. There are two main
benefits to this system. The first is the designer never needs to deal with additional
work. All the designer needs to do is to check the CAD data into the data manage-
ment tool, after that anyone can convert the data anytime they want. The second is
that anyone requiring XVL data is able to acquire it very easily just by accessing
the web. CASIO spent considerable effort developing the batch conversion system,
developing one that is friendly to both the designer and the downstream user.
CASIO now also uses the system with its subcontracted manual creators.

The second driving force behind the use of XVL was the promotional activities
and materials shown in Figure 10.8. These activities and materials were created by
the development head office and included:

1. Introductory seminars about XVL

2. Training sessions for XVL tools

3. In-house web portals containing XVL support materials
4. Simple XVL tool manuals

Tl Web browser screen

3D CAD screen

Batch converter
XVL Converter
Enterprise

+
Link with Pro/INTRALINK
by internal development
using Java, etc.

Interactive converter
XVL Converter Plug-in

Can only convert
from CAD terminal

Can convert from all PCs.

(even basic administrative PCs)

*As long as web is available...
*License sharing
*Man-hours: 1/12 previous value

Figure 10.7 Construction of web-based XVL conversion mechanism
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XVL Development Activities
— Introductory seminars
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mXVL-Studio MBI =27 )L
\ -.J‘..

»

BHATLE

Figure 10.8 XVL development support activities

This dedicated effort helped spread XVL by showing users the advantages of
3D data. Users who learned the benefits of 3D data from other departments also
started to use it in their own activities.

The third driving force behind the use of XVL was the understanding and sup-
port of company management. When XVL was first adopted and shown to be ef-
fective at improving business processes, CASIO’s executives strongly backed its
use. The management of the company welcomed the best practice stories of XVL
and saw it was an outstanding tool that would enhance the business. Such strong
support was bound to spread the use of 3D data throughout the company. In
2003, the group promoting the use of XVL was awarded the president’s prize.
Such high recognition motivated everyone throughout the company to start using
3D data.

10.4 Online Data Reviews

CASIO’s use of XVL rapidly expanded from documentation to a communication
tool and is now being used throughout the company (Figure 10.9). The service
department creates animated 3D service manuals and the manual department uses
XVL to create user manuals. The design department uses XVL for meetings with
manufacturers while the engineering department uses it for drawing inspection and
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approval. CASIO also uses XVL for shape verifications during meetings with
mold manufacturers. With use of XVL growing in the design, engineering, man-
ual, and service departments, the company plans to further expand use in the mate-
rials and production departments. Currently, XVL is used company-wide for
online design reviews (ODR). Previous design reviews required bringing all re-
lated parties together in the same place to review engineering drawings. This was
expensive and parties often could not attend because they were too busy or were
unable to understand the engineering drawings. The ODR resolves these issues.
As shown in Figure 10.10, the ODR is held online so anyone can participate from
anywhere. The participants communicate by phone and online bulletin board.
Also, the ODR uses XVL models that are much easier to understand than engin-
eering drawings. There are no time constraints, and everyone is free to participate
in the design review. In the future CASIO plans to use XVL in more business
activities. With digital equipment lifespan becoming increasingly short, the prod-
uct development competition is intensifying globally. We can indeed look forward
to the future developments at CASIO, a company one step ahead of others in the
use of 3D data.






Chapter 11
KVAL: 3D Information Sharing and Its Effects
at a Middle-scale Firm

Is the use of 3D data only the luxury of big companies? No, there are ways for
small and medium-sized companies to enhance work efficiency using 3D data, as
proven by KVAL Inc., a manufacturer of woodworking machinery in the USA
with an employee body of 100. Says Sebastien Jame, Engineering Services Direc-
tor at KVAL, “Within just a few months of adopting XVL compression technol-
ogy we have already seen major benefits to our business. Conservatively speaking
productivity gains of 20-25% in manufacturing, technician learning curves re-
duced to minutes instead of days, and spare part service calls often reduced from
15 to 20 minutes to just seconds.” This chapter introduces the use of 3D data at
a middle-scale firm as seen from the case study of KVAL.

11.1 Use of 3D Data for Maintenance of Complicated Machines

KVAL is a family-owned company that has been designing and manufacturing
heavy industrial woodworking machinery since 1947. For 60 years, KVAL has
been providing high-quality machinery, parts, and service to the millwork industry
and is especially recognized as an industry leader in the design and manufacture of
precision-engineered, solidly built door machining equipment. Increased competi-
tiveness within the millwork industry has forced many smaller companies to be-
come more specialized. KVAL has successfully focused on customizing the de-
sign and configuration of many of its machines to the needs of specialized
customers. Today, KVAL creates, ships, and installs over 300 unique ma-
chines/year. As shown in Figure 12.1, the machines made by KAL are very com-
plicated, and often a single machine can have up to 6,000 individual parts. The
company already maintains more than 10,000 machines in the field.

Founder A.A. Kvalheim started the company by designing and building a panel
saw employing an ingenious traveling carriage, and has fostered the company to
the forefront of design and manufacturing of precision-engineered door machining
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Figure 12.1 Comprised of KVAL computer-controlled manufacturing machines and many parts

and millwork equipment. In recent years KVAL adopted SolidWorks, a powerful
3D modeling solution, to quickly and accurately provide the necessary custom
design services. They also tried to use SolidWorks’ eDrawings capability to share
2D and 3D designs downstream of engineering to find ways to improve their busi-
ness process. They soon found an appropriate tool for 2D data, but things were not
as smooth for 3D data, because the size of the 3D files for KVAL machines is
massive, and the consequent time to load, view (zoom/pan), and manipulate the
models was too slow with normal tools.

XVL helped resolve this problem. They did an evaluation and found that they
could easily create 3D files at a fraction of the size of the eDrawings files and
view them with high performance even on low price PCs. The combination of
SolidWorks to create 3D models and XVL to share them has decreased assembly
and reworking time by as much as 20%, enabling them to enjoy the benefits de-
scribed at the start of this chapter. Even for middle-scale companies of the size of
KVAL, there exists “heavy doors” between the different sections within the com-
pany. KVAL was able to open these doors by using a new communication method
based on 3D data.

11.2 Opening the Door Between Design and Manufacturing

To a specific customer’s requirements, Engineering would design a variant auto-
matic door milling machine and send it “over the wall” to the company’s vast pro-
duction floor, and then not hear anything back for a while. They assumed every-
thing was okay. But often personnel would find difficulties in the design’s
manufacturability and send a set of marked-up paper drawings back “over the wall”
to engineering. The two departments communicated in this manner, not just because
of their physical separation, but because the “wall” consisted mainly of a tech-
nological barrier. Design spoke CAD; Manufacturing talked red ink on paper.
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Figure 12.2 KVAL machine XVL model in manufacturing

After installing Lattice 3D technology in the Design department, which ultra-
compresses the CAD models, KVAL soon found the benefits. Figure 12.2 shows
an example of the design data. In order to convey the mechanism of multiple ma-
chines accurately, the common communication method in the form of 3D data is
indispensable. For example, 3D even helps the welders see more quickly how to
arrange and weld the parts in a more efficient sequence. “Overall the Design and
Manufacturing workload is reduced because there are not as many CAD changes
coming to Design from Manufacturing. On the other side, Manufacturing is now
giving valuable input into the Design process. The new 3D XVL technology did
not make lobbing projects back and forth over the wall more efficient or faster;
instead, it opened a door in the wall. Now the process of design and manufacturing
has become a team effort between the two groups: advice from the production
floor on the easiest way to build an assembly is now immediately accessible by the
designers. Manufacturing had no CAD knowledge, training, or systems but once
they obtained the 3D models in XVL format and could use the simple XVL ani-
mation tools and free viewers all these benefits started to accrue and the result was
increased productivity and reduced rework."

11.3 Use of 3D Data Between Manufacturing
and Technical Support

In just a few months, the compression innovation has had a similar effect on
KVAL Technical Support and Service. Often the customer, while looking at their
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Figure 12.3 KVAL Technical Service department using Lattice 3D models to handle customer
queries

installed KVAL machine, is calling from a cell phone and trying to order a spare
part. The KVAL technical Support and Service staff used to have to find the
right paper drawing, including the variants for that customer’s particular ma-
chine, while the customer waited for them on the phone. This was a serious
problem for a company whose strength lay in providing machines customized to
each customer. So they were faced with the task of enhancing service quality.
Now they use the XVL Web Master tool for managing parts list and parts shape
information. The technical support and service staff themselves display the as-
sembly structure and animated process on their own desktop PCs (the system
automatically creates web pages including 3D models) and instantly click on the
3D model of that KVAL machine (Figure 12.3). As the customer describes the
problem the technicians zoom and pan to “virtually” see what the customer sees.
Delays are avoided, conversations are much shorter, and correct parts are identi-
fied by part number. Figure 12.4 shows a 3D model displayed at the Technical
Service department. Even when the right drawing is found, it takes a long time
to find the parts desired by the customer from complicated machinery. So what
often used to take them 15-20 minutes was done in seconds, no mistakes are
made shipping the wrong part, resulting in at least 10% higher productivity,
savings by selling and shipping the right parts, and more satisfied customers. 3D
models built are the Design department in now effectively used by the Technical
Service department.
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Figure 12.4 KVAL machine XVL model in Technical Service department

11.4 Future Plans: Aiming at 100% 3D

“We are planning to use 3D models for improving communication with custom-
ers” (Figure 12.5). Says Jame “Our goal is 100% 3D and we want to give our
customers, via the KVAL website or an online WebEXx session, the ability to di-
rectly view and access a 3D model of their unique machine in order to enable
identifying problems and directly ordering spare parts. The customers we’ve al-
ready shown this to are very excited about it.” Jame further adds, “We plan to
deliver KVAL machines, not with a paper user manual, but with a portable com-
puter loaded with Lattice 3D viewer, the 3D X VL files (including disassembly and
assembly animations) of the customers machine, and WebEx so that customers
and KVAL Field Service staff can readily understand and work on problems to-
gether. With XVL Web Master, a series of components can be shown being put
together or taken apart in the correct order of assembly. We are planning to make
full use of this function. XVL models and animation provide a powerful tool for
technical and maintenance training manuals. What’s more, unlike movie or AVI
animations, XVL animations can be viewed not just from the camera position but
from anywhere. If you want to see how it comes apart from underneath use your
mouse to swing it around while the animation is playing! This allows the customer
to check machine assembly from the customer’s standpoint. This will no doubt
sharply reduce maintenance time.”
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Figure 12.5 Sebastien Jame, Engineering Services Director at KVAL

In time the lightweight XVL models of KVAL machines will be linked by
HTML to other information in the ERP system, such as price information, and
animated assembly models will incorporate the experience of KVAL assembly
specialists so that it can be equally useful for field repairs. “We have really only
just started with what Lattice 3D’s applications and XVL format can do for KVAL
— yet what it has already done for us in just five months has really exceeded my
expectations. XVL has been extremely helpful throughout our entire operation,”
concluded Jame. In this way, at companies like KVAL whose forte lies in provid-
ing customized systems to their customers, the use of XVL for communication
between departments and with customers should enable them to further increase
their competitive strength. KVAL is indeed proof that 3D data can be a powerful
source of competitive strength.



Chapter 12

MAN Nutzfahrzeuge AG:
Promoting Company-wide Process Chain
Using 3D Drawings

MAN Nutzfahrzeuge AG, a leading manufacturer of trucks and buses in Europe,
uses XVL as the company’s core format, especially encouraging the use of XVL
for 3D drawings. Since January 2006, MAN Commercial Vehicles Group has
been automatically converting selected 3D design data to XVL and using it for the
distribution of 3D design data in the process chain. Currently, the 3D XVL Player
is installed on nearly every PC. This chapter discusses the use of 3D data at the
company-wide level at MAN based on an interview with Dieter Ziethen, Project
Leader in the Information Technology CAE Group, MAN Nutzfahrzeuge AG.

12.1 Using 3D Data for Design, but 2D Drawings
for Communication

The MAN Group is a leading manufacturer of vehicles ranging from trucks to
buses, diesel engines, and turbomachines, with annual sales of 13 billion Euros
and an employee body of 50,000 worldwide. MAN’s core areas hold leading posi-
tions in their respective markets. As one of the 30 leading German companies,
MAN AG (Munich) is a member of the German stock index, or DAX.

MAN Nutzfahrzeuge AG is the largest company in the MAN Group and pro-
duces 68,200 trucks and 6,000 coaches per year, has revenues of 7.4 billion Euros,
and has 33,000 employees. The company is currently promoting the use of 3D
data and has recently adopted XVL.

The MAN Group has a reputation in Europe for constantly integrating solu-
tions to achieve business objectives and ROI. Based on this principle, the com-
pany has promoted the use of 3D CAD systems in the company, however infor-
mation exchange with downstream processes, both within the company and with
its suppliers, has been via 2D drawing exchange. Says Dieter Ziethen, “Despite
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the implementation of 3D CAD systems in design departments, nearly all infor-
mation distributed remained in 2D. However, it was always our goal that 3D
design data, including design information and markups, be deployed across the
whole company. The introduction of XVL has enabled us to achieve our goal of
sharing 3D information throughout the process.”

12.2 Aiming at 3D Communication Throughout
the Whole Process Chain

As shown in Figure 13.1, MAN Nutzfahrzeuge’s motivation was to improve data
quality and enable 3D data for the whole process chain, specifically for the follow-
ing three reasons:

1. 3D data can be visualized in the whole process chain because it is less abstract
than a 2D conventional drawing.

2. Because design is already done in 3D, the design departments will see a reduc-
tion in time by avoiding the 2D drawing production step.

3. Non-CAD-trained staff will be able to visualize and interrogate design models
thereby enabling easier cooperation on a common data basis and including re-
finements such as 3D animations of assembly and disassembly and “exploded”
part views.

To achieve these goals, the company needed a common basis for communica-
tion that would address the whole process, for the whole company, no matter what
different CAD systems were used. They therefore adopted XVL for the light-
weight 3D data.
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Figure 13.1 MAN process chain: XVL increases opportunities to use CAD data
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12.3 Selecting X VL for its Lightweight and Interactive Features

The following are 11 reasons why MAN Nutzfahrzeuge decided to adopt XVL:

1. XVL is CAD-system independent and has converters for all significant CAD
systems.

2. XVL is a lightweight format with extremely high compression typically be-
tween 1/50 and 1/250.

. With a single XVL file, measurements are also possible.

. XVL has a good integration capability with MS Office documents, and inte-
gration with other systems is readily possible.

. XVL has a small memory consumption.

. XVL can be viewed on very inexpensive computers.

. XVL has the capability of generating 2D illustrations.

. XVL is accurate enough so that XVL data can be imported back to CAD sys-
tems.
9. XVL Player has good mouse operation integration on the freeware viewer.

10. XVL has optional encryption security.

11. XVL has constant 3D visualization quality in both zooming in or out.

B W
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MAN Nutzfahrzeuge thoroughly tested XVL, converting many test examples
and ensuring the dependability and accuracy of the data as well as the scalability
and security of the process. “For instance, the data of a bus frame that was 45 MB
in CATIA can be compressed to 630 KB or less by XVL. And yet, the precision is
maintained even if the data is vastly compressed. Anyone can obtain an exact
dimension when they need to take a measurement of even the finest details. At
MAN we have been very impressed with the high precision of XVL.” (Dieter
Ziethen)

They conducted tests on how data volume changes in a data conversion test
flow such as CATIA V5 — .XV3 — IGES — STEP203 — CATIA V5. The re-
sults are shown in Figure 13.2. They found that XVL is by far the smallest format.
While the IGES or STEP generated after this is very big, XVL was found to be
light, but very accurate. Data such as structural information was retained, however
they found some problems when data was returned back to CATIA, which they
attributed to problems of the files generated from XVL. However, dimensions
were accurate, posing no problems in practice. Convinced that XVL applications
would help expand use of 3D data throughout the company and enable them to
communicate, view, measure, and publish 3D data in a wide variety of ways, the
company decided to adopt XVL.
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Figure 13.2 Results of XVL conversion test

12.4 Multi-use of XVL Centering Around
Data Management Tools

Figure 13.3 shows the design process at MAN. It can be seen that XVL is effec-
tively used in the downstream process. XVL is utilized as a communication means
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in all processes; for example, in the design department for their discussion, infor-
mation exchange with suppliers, and for communication between technical sales
and their customers. To achieve this, the company established a system that en-
sures that staff requiring 3D data can access XVL easily.

Fortunately MAN had a company-wide product data management system
(EZIS), in which they started to store XVL data. When a CAD designer checks in
a CATIA model, an equivalent XVL file is automatically generated and stored in
EZIS. This XVL is used as a product design viewing and discussion tool for use
with suppliers and customers, efc. Specifically, the uses of XVL are as follows.

12.4.1 Internal Communication

One example is the coach department which recently introduced XVL and is cur-
rently in the process of storing coach data in EZIS. In EZIS, if a specific part is
clicked from a parts list, various operations are possible including displaying a se-
lected part view, deletion of part views, and automatic creation of an exploded
parts views.

12.4.2 Communications with Suppliers

Instead of sending CATIA files which contain important design information,
MAN will send XVL files or IGES files converted with XVL Studio to suppliers
so that they can reference the MAN-defined geometry and other design informa-
tion. For security purposes, instead of providing high accuracy data as it is, MAN
uses XVL files with high but deliberately reduced accuracy.

12.4.3 Technical Illustrations

XVL serves as a very strong driving force for improving the efficiency of tech-
nical documentation because the use of 3D data enables development of technical
documentation to be started at an earlier phase than before. XVL models can be
animated and still retain their exceptional compression. Alternatively output can
be an SVG illustration or an HTML page or 3D PDF. Furthermore, the company is
planning to output 3D PDFs in Adobe format in the future. Making use of this
flexibility of XVL, MAN plans to use 3D data in a broad range of areas for tech-
nical illustrations.
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12.4.4 Assembly Instructions

Currently, process instructions and operational precautions are displayed using
static images on a 32-inch large screen at the assembly lines in MAN’s plants.
MAN is however planning to display animated instructions to eliminate the time
and labor required for preparing static images for visibly clearer and faster
on-the-job guidance and training.

12.4.5 Quality Assurance

In terms of quality assurance, instead of using 2D paper-based views, MAN is
planning to use 3D data for better confirmation of measuring points and geometry.
Currently, special QA drawings are created from scratch each time for quality
assurance but, in the future, 3D drawings, based on XVL and utilizing the existing
3D data, will be used to prepare such information, sharply reducing information
exchange time; also useful information can be shared between different depart-
ments within the company and with customers.

According to Dieter Ziethen, “For the future we look forward to eliminating the
time-consuming 2D drawing stage and only using more effective 3D digital mod-
els in as many areas as possible. We see many tasks becoming easier and simpler
to understand as we move from static 2D drawings, crowded with information, to
dynamic 3D models that deliver animated information at the time it is needed.”
The environment that MAN has built up of enabling lightweight XVL 3D data to
be viewed on the more than 10,000 PCs at the company will no doubt serve as
invincible competitive strength to the company.



Chapter 13
Using 3D Data Successfully

In the manufacturing industry, it is now common practice to implement 3D design
using 3D CAD, review the 3D information by virtual simulation on computer
(CAE), and transform this into a real object on a machine tool (CAM). But such
uses of 3D data make up only a small part of the manufacturing process. Leading
companies are starting to use 3D data not only in design, but also throughout ma-
nufacturing and even in downstream processes such as service and marketing.
This chapter discusses the best practices in Japan, how to successfully use 3D
data, and the key points for building a 3D data system.

13.1 Best Practices for Successful Use of 3D Data

The benefits of using 3D data are evident from the case studies that have been
presented in this volume. 3D data itself has no value; value comes through use.
Use of digital data replaces physical objects such as prototypes. With digital de-
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Figure 14.1 3D uses in successful manufacturing businesses
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velopment, physical “things” are not made until later in the process. This cost
savings will continue to drive the expansion of digital processes. Within digital
processes, the methods of using 3D data differ depending on the type and size of
the business. But despite these differences, successful applications of 3D data
share some common characteristics. The following are five successful patterns of
using 3D data (Figure 14.1).

13.1.1 Design Review (DR) with Lightweight 3D

The first common use of lightweight 3D data is to enable DR between upstream
and downstream departments. The importance of DR is well known; by pre-emp-
tively resolving potential problems that may occur downstream, DR can shorten
delivery time and increase quality. What to check during DR differs according to
design stage and the nature of the business. DR using lightweight 3D data has two
effects; the direct effects of reducing review time and work itself, and the indirect
effects of preventing problems that may occur in the downstream process. The
latter indirect effects are the very effects that prevent design changes, thus contrib-
uting to enormous cost reductions. In a concurrent design environment where the
shape of the products undergoes routine changes every day, DR is vital for verify-
ing the overall design. In addition, DRs using 3D data also have intangible effects.
One is the interchange between experienced designers and newcomers through DR.
Another is the fact that lightweight 3D can show the whole model, whereas CAD is
limited to only subsets. This gives designers the overall view. Third is the fact that
manufacturing staff and others who cannot read 2D drawings can now participate
actively in DRs. Eliminating the 2D drawing “barrier,” enables true collaboration
between design and manufacturing. Since lightweight 3D data can be easily under-
stood by manufacturing staff, it supports collaborative development between de-
sign and manufacturing. Bringing others with different perspectives into the devel-
opment process drives innovation and can lead to revolutionary products.

13.1.2 Eliminating 2D Drawings and Reports

The second pattern is using lightweight 3D to eliminate drawings and reports from
business processes. Even if design uses 3D data, design efficiency work would not
improve if manufacturing still used drawings. This is because after completing the
actual 3D design work, the designer has to then spend a lot of time preparing the
drawings and reports for manufacturing. To enhance the efficiency of design and
manufacturing, it is important to eliminate this process. This means that the infor-
mation in the reports, such as surface finish and tolerance, must be incorporated
into the 3D CAD model. Furthermore, that additional information must be con-
verted into lightweight 3D data for downstream distribution. As discussed in pre-
vious chapters, some companies have succeeded in eliminating drawings and
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reports from their business processes. In order to achieve this, these companies
have set standards for what is to be expressed in 3D, made rules for conveying
information, and then established a system for automatically creating this informa-
tion. The Japan Automobile Manufacturers’ Association (JAMA) is currently
trying to standardize the use of only 3D data for design information in the auto-
mobile industry. The goal is to replace 2D drawings by setting standards for 3D
models and the viewers that interact with them. The elimination of 2D drawings
from the process chain provides the following benefits: (1) it reduces the time and
work for preparing drawings, (2) it makes it easier to understand 3D models,
shapes, and product features, and (3) since no 2D drawings are prepared, there are
no inconsistencies between drawings and 3D models. These 3D drawings will be
used in many areas including production, services, and distribution. Therefore
they must be expressed in lightweight 3D data format. No doubt, the use of 3D
drawings will spread rapidly in the next few years.

13.1.3 Communicating with Lightweight 3D

The third common use of lightweight 3D data is for communication throughout
the company and with partner companies. Information required by staff at manu-
facturing plants, quality control, and service departments is easier to understand in
3D rather than 2D drawings. Just being able to view 3D data on a notebook PC
during discussions or while reading e-documents significantly improves under-
standing. A good example is the parts lists, where the use of 3D significantly re-
duces procurement errors. People from different backgrounds often have different
levels of understanding. Use of 3D data helps such cases as it provides a common
basic understanding of the model.

By sharing common understanding not only within the company but with parts
suppliers, order placement and delivery errors can be prevented. Lightweight 3D
viewers are available for free, so clients and partners can easily acquire them.
Providing lightweight 3D drawings to partners and clients enables them to easily
verify shapes. Lightweight 3D models increasingly contain dimensions, annota-
tions, and other design intent, so subcontractors can now use them to manufacture
parts. It is difficult to estimate the cost savings of using 3D data to communicate
with clients and partners. However, like the Internet and e-mail, which are now
indispensable for work, lightweight 3D data will also become essential once it is
utilized in downstream processes.

13.1.4 3D Documentation

Another common pattern is using 3D data to generate illustrations for technical
documents. The benefits of using 3D data include shorter delivery time, more
consistent illustration quality, reduced illustration costs, and more. Beyond using
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3D to create illustrations, it is also possible to add 3D data itself to documents.
Parts catalogs require more than geometry, they also require configuration infor-
mation. XVL contains such configuration information. It is also possible to create
dynamic digital documents with 3D animation. For example, 3D data is useful for
preparing assembly instructions for cell production locally and overseas. 3D inter-
active manuals are much easier to understand than paper manuals. Their scope is
broad, ranging from manufacturing specifications to service and maintenance
manuals. In the future, companies will even be able to distribute 3D instruction
manuals to consumers.

The key to success lies in the acquisition of 3D data. Generally, the depart-
ments or subcontractors preparing manuals are far away from the design depart-
ment and start work much later in the process. In order to implement 3D docu-
mentation it is necessary to establish a system that can quickly distribute 3D data
to downstream departments. Access to 3D data by these departments can dramat-
ically enhance their work efficiency. Data security can become an issue, espe-
cially when the manual creator is an outside company. Some manufacturers re-
solve the security by having specific 3D data non-disclosure agreements with
their partners.

Lightweight 3D illustration and animation tools are still in the process of devel-
opment, and will soon improve dramatically. Even so, tools are now available that
can automatically update illustrations even when design changes occur. The po-
tential cost savings are tremendous. The system for distributing 3D data need not
be complex. As long as the rules for distributing 3D data are clearly understood,
3D data can be for manual creation right now. In the very near future, use of 3D
data for illustrations will be a routine practice.

13.1.5 Sharing of 3D Data on CAE and CAT Systems

The fifth pattern of successful 3D data use lies the sharing of CAE and CAT data.
Up to now, CAE and CAT data have only been used by a small group of special-
ists. But it has become apparent that sharing analysis data with the designers and
manufacturers can enhance product quality. It is also useful to maintain and share
past design failures with new engineers for educational purposes. And now, with
lightweight 3D it is possible to reduce and share CAE data.

It is also advantageous to use 3D data at inspection departments. They are typ-
ically behind in adopting IT in their activities. Now with non-contact 3D measur-
ing devices it is possible to detect differences between CAD models and the fin-
ished products, and share this difference data between different departments using
lightweight 3D.

Such manufacturing process improvements require support from the manufac-
turing engineers, who are usually busy with their routine activities. Usually they
are reluctant to go to the trouble of changing current business processes to take
advantage of the 3D data. However, once they experience the convenience of 3D
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data, they usually become ardent supporters of 3D data. They then understand the
advantages and they intuitively feel 3D will radically improve the manufacturing
process. The applications of lightweight 3D data in sales, marketing, distribution,
and service departments are steadily increasing. These successful uses of 3D data
are building invisible competitive strength at the companies that are implement-
ing them.

13.2 Systems that Aid in Successful Use of 3D Data

The next section discusses two key systems that are necessary to use 3D data
successfully.

13.2.1 System for Storing 3D Data

Design information includes data before design approval and data after approval.
It is the same for 3D data. Normally, DRs are carried out on 3D data before design
approval, while factory parts checks are on 3D data after design approval. In either
case, the key to success is to provide a system which allows access to the right 3D
data whenever it is required. Without such a system, the search for data will limit
work efficiency. DRs require pre-approved lightweight 3D data. All that is re-
quired for a system to deliver this data is to specify the location of the pre-
approved CAD data and how to convert it. Once the location of this information is
specified the company can then tell everyone the storage place of the data and the
conversion rules. There are companies which distribute 3D parts lists, including
pre-approved data, to plants to front-load work arrangements. There are also com-
panies that share such data between with partners for DR purposes. One system
that can provide pre-approval lightweight data to these limited users is a web-
based automatic conversion system.

On the other hand, lightweight 3D data converted from post-design approval
CAD data must be available to a broad range of users. To achieve this, the light-
weight 3D data just needs to be stored in a database system that can be accessed
by the whole company. For instance, post-design approval data is used for manual
production and for quality assurance. In the case of design approval data, the CAD
data and lightweight 3D data must be managed as a pair. Broadly speaking, such
database systems can be implemented in two ways (Figure 14.2):

1. Expanding and using the file management system, or
2. Managing data in the PDM system.

The first system is inexpensive and can be implemented easily. It is suitable for
small or medium-sized companies, but it does not have a database function in the
real sense of the word. The second system is applicable to large manufacturers.
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Figure 14.2 XVL storage mechanism

Most large manufacturers already have PDM, be it self-developed or a commer-
cially available tool. So all that is needed is to integrate lightweight 3D into the
existing system.

Sometimes the assembly structure and parts position information may differ
depending on CAD systems. 3D data designed using different CAD systems
should be corrected for consistency and saved in this data management system.

Often the lightweight 3D data will need to be modified when it is used in
manuals. For example, parts catalogs often use names that are different from the
part name defined in the CAD system. So it will usually be necessary to change
part names and structure according to company rules. As long as the data is in
XVL, there is software to fix this problem. The original XVL data converted from
CAD can be transformed according to company rules. This allows the automatic
generation of XVL data which matches company rules. The cost savings of this
approach can be tremendous.

13.2.2 System for Ensuring Security

The greatest benefit of lightweight 3D data lies in the fact that 3D data can be dis-
played easily. This however can be a danger if the data leaks. Large amounts of
confidential information can be compromised. Therefore is it imperative to build
a reliable security system. However, restricting the data too much would make it
difficult to use in downstream processes. So it is necessary to carefully balance the
need for security with the need for convenience when establishing operational rules.

XVL technology has a function to control data access using passwords (Fig-
ure 14.3). It can be linked to the in-house security server allowing only personnel
who have passed internal authorization to access XVL. In this case, internal rules
on who can access what information when should be established before starting
use. In many cases, there is a need to plan security taking into consideration not
only the 3D data, but also relations with design documents, function charts, etc. So
a more integrated security system is required. XVL technology allows such system
integrations.
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Figure 14.3 Security measures for using XVL

Some time ago, the Japanese manufacturing industry saw a boom in transfer-
ring manufacturing plants to China, but this has died down. Instead, Japanese
manufacturers have invested in their local production facilities in attempts to pro-
mote technological innovation through the integration of development and produc-
tion. The use of 3D data is effective for the integration of development and pro-
duction systems in Japan, and also for design in Japan and production overseas,
because the power of 3D communication and advantages of using 3D data for
improving business processes are widely recognized.

But the story is not over, it is just beginning. There are still many ways to im-
prove the manufacturing process using 3D data. For example, recently automobile
manufacturers have started showing CAE analysis results to prospective custom-
ers at dealers to demonstrate the high quality of their cars. Companies are using
3D data in countless new areas: digital packaging systems using 3D data, sales and
marketing systems using 3D contents, 3D instruction manuals for general con-
sumers, and more. Generating lightweight 3D data and constructing a secure sys-
tem for use opens the door to a broad range of data applications. Innovative use of
lightweight 3D data will be a source of competitive strength for leading manufac-
turers for years to come.
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Development Ideology

XVL (eXtensible Virtual world description Language) was developed to allow
companies to make good use of what has become “idle” 3D data after design
completes at their plants, maintenance divisions, marketing and sales divisions,
etc., in other words, throughout the whole company. Dramatically lightweight 3D
data contributes to enhanced efficiency of the whole corporate process. At glob-
ally specialized manufacturing sites, employees with different skills and nation-
alities need to cooperate with each other in their work. Straightforward simple
visual communication is indispensable in such environments. The following dis-
cusses the development concepts of XVL as a lightweight 3D format.

A.1 Lightweight:
The Starting Point of the XVL Development Concept

The idea of the lightweight of 3D data used in surface representation technology
which forms the basis of XVL has been around since the 1980s. But back in
those days, research on surface representation techniques aiming for use in
CAD/CAM tended to focus on accuracy rather than size. It was in the mid 1990s
that the authors began to refocus on lightweight representation methods using
surface technology; this was about the time when the Internet started to spread.
In 1997, VRMLO97 (Virtual Reality Modeling Language) was established as the
ISO-standard 3D representation method in the Internet environment. The prob-
lem was, however, VRMLY97 expresses data using traditional aggregate clusters
of polygons, and because telephone lines were mainly used in the Internet envir-
onment in those days, only very simple shapes could be sent. Though the con-
cept of representing three dimensions in the network environment was innova-
tive, it was not practical.

129
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Lightweight surface technology can compress large CAD models by more than
two orders of magnitude. The authors’ idea was if data transfer time can be cut
down by a factor of 100 then this would enable 3D to be built into the business
processes of design and manufacturing, providing enormous benefits. This is how
XVL research started out.

After three years of trial and error, lightweight XVL was born at Lattice Tech-
nology at the beginning of 2000. At this time, the development goals were:

1. To express 3D shapes accurately with only 1% of CAD data size. Ten times
compression is not enough; at least 100 times compression is necessary for the
data to be of use in business processes.

2. To convert all types of 3D data easily to XVL. Given that the costs to create 3D
data are very high, it is not ideal to create XVL data from scratch. Be it CAD
data, CG data, or costly scanned 3D data, a mechanism to automatically con-
vert all 3D data is a must.

3. To allow the data to be web-enabled. The web is ubiquitous, so the data must
be displayable in network environments.

By reducing CAD data, integrating it with production structural information,
and also using net-friendly XML (eXtensible Markup Language), 3D XVL pro-
vides an ideal means of communication. XVL also supports comments and hyper-
links, turning 3D shapes into search tools.

Lattice also developed a technique to automatically generate data from diverse
3D data such as CAD and CG, enabling XVL to be generated from most
3D CAD/CG systems.

Based on the facts that XVL can be generated at low cost and that it can inte-
grate design and manufacturing information with 3D shapes, XVL can be the re-
ference for decisions in the design and manufacturing process. With XVL, 3D data
can now be used easily throughout the design and manufacturing process. Appli-
cations include 3D design reviews, 3D parts lists, simple 3D email collaborations,
3D work instructions, and more. Because anyone can handle 3D data easily any-
where, Lattice calls this “3D Everywhere.” It has been seven years since the birth
of XVL and during this time the manufacturing industry has witnessed the spread
of 3D CAD and the growing accumulation of 3D design data. The concept of “3D
Everywhere” is increasingly being adopted by many companies to make further
use of this 3D data.

A.2 From Fast Display to Information Unification

Figure A.1 shows five technical features of the initial XVL. Their details are dis-
cussed below.
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Figure A.1 Five characteristics of XVL

A.2.1 Automatic Generation of Lightweight 3D Data

The most important point to enable easy use of 3D data lies in the generation of
inexpensive lightweight 3D data. Unlike image data, the generation of 3D data is
expensive due to the large implementation, educational, and operational costs of
3D CAD. This is why it is crucial to be able to easily convert existing 3D CAD
data to XVL.

XVL reduces the size of all 3D data, including 3D CAD, 3D CG data, and 3D
scan data, providing a standard form for 3D expression. As shown in Figure A.2,
XVL is about 100 times smaller than VRML, a polygon-based 3D format.

VRML 8 Split Model XVL Model XVL Model
3,201 Kbytes 32 Kbytes Shading Drawing

Figure A.2 Comparison between VRML and XVL
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At present, software for automatically converting most 3D CAD and CG data
to XVL is commercially available on the market. Once XVL is generated, anyone
can readily view the data with the freely distributed XVL Player.

A.2.2 High Data Accuracy and Small Data Size

Manufacturing departments use 3D data for cross-section display, measurement,
NC tool path calculation, finite-element analysis, and other engineering applica-
tions. Polygon data is good for displaying shapes, but it is far too large for dis-
playing models at the accuracy required for engineering applications. Since XVL
uses surfaces and boundary curves instead of polygons for representing geome-
try, it can model CAD data to an accuracy of 1/1,000 mm with very small file
sizes. When using XVL, only the lightweight curves and surfaces are transmitted
over the network. The receiving PC uses this information to generate the image
(Figure A.3). In addition, trimmed surface representations often used for complex
shapes in CAD can also be saved in XVL format (a trimmed surface method is
used to represent a complicated surface by using a normal square surface and
boundary curves on the surface). The resultant P-XVL (Precise XVL) is thus
both lightweight and high precision.

User's PC

Displayed by lattice browser
High speed processing

by high speed CPU

by Conventional
technologies required
large polygon data
transfer

XVL transfer and distribution
processing by XVL parser

Server

Transfer by XVL

Network

Figure A.3 High-speed 3D data transfer by XVL
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A.2.3 Rich Expression

Another important feature of lightweight 3D data is the ability to add diverse in-
formation to the shapes. Lifelike images can be created by setting texture and
color attributes. Mapping manufacturing data to the shapes presents manufacturing
information in “visual form,” and adding links from the shapes to other data en-
ables “visual navigation.”

XVL also provides a rich array of events and animation settings which display
3D processes clearly. XVL has been designed so that the animations can be con-
trolled externally using languages such as JavaScript. It is also possible to launch
3D animations from external links, enabling fully interactive 3D manuals.

A.2.4 Network Compatibility

As mentioned above, XVL contains not only shape information but also product
structure, dimensions, annotations, properties, materials, textures, and more. All of
this XVL is based on XML (eXtensible Markup Language), which is a generaliza-
tion of HTML, the “language of the web.” This XML-based structure makes XVL
easy to communicate over the web and easy to integrate with other structured
documents. For example, the 2D SVG (Scalable Vector Graphics) format is also
based on XML. Integrating SVG and XVL documents is easy, and makes it pos-
sible to navigate in 2D or 3D.

A.2.5 Diverse Applications

XVL enhances the efficiency of countless business processes. XVL applications
range from engineering design reviews to 2D technical illustration production to
generating quality assurance reports. XVL can be used alone, in interactive web-
sites, in Microsoft Excel and Word documents and PowerPoint presentations, and
in 3D PDF documents. And new applications can be written using XVL Kernel.
The aim of XVL has been to reuse 3D CAD data, which requires enormous cost to
generate, over and over again. Because XVL can combine shape information with
other product data in a lightweight digital package, the applications are limitless.
The basic concept of XVL is therefore to serve as the foundation for innovative
3D business processes within the company, with partners, and among general
consumers.
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A.3 New Upgraded XVL Technology Reduces Memory
Consumption

With the growing use of 3D CAD data in the manufacturing industry, more and
more companies are generating detailed 3D models. The data volume is increasing
rapidly. For example, if all the parts of a car were to be expressed as precise 3D
models, the total data volume would exceed 20 GB. It is impossible to display
such models on standard PCs, where the memory size is usually limited to 2 GB.
Sometimes models that are only 100 MB take several minutes to read and display,
making them impractical for use.

A new version of XVL solves this problem. Through a new innovative surface
technology which reduces memory consumption, XVL is able to display such
models almost instantaneously. At Lattice, we call this XVL display technology
V-XVL (Visual-XVL).

So XVL is not only lightweight and accurate, web-enabled, and has automatic
conversion tools, it now also uses less memory and displays instantaneously. It
can display CAD models exceeding 10 GB on PCs with only 2 GB of memory. It
can display CAD models that even CAD systems cannot display. Figure A.4
shows a performance comparison of P-XVL and V-XVL. Both can compress
a 300-MB SolidWorks file to about 3 MB. And V-XVL can display this model in
3 seconds using only 45 MB of memory.

With the growing use of 64-bit PCs, 64-bit-compatible CAD systems are also
growing in use. Clearly, 3D models built in the design process will probably grow
huger and huger, while the PCs used at plants, production management, and qual-
ity management departments remain 32-bit machines — sufficient for preparing
documents and writing emails. The use of V-XVL technology resolves this situ-

CAD entering age of 64 bits

« Ultra lightweight
—> Lightweight and handle large
volumes of data

CAD data: 294 MB
File Format Comparison Table

P-XVL (xv3) V-XVL (xv2)
File size = 3.06 MB o 349 MB
Accuracy (at CAD conversion) e  Maximum 1/1,000mm | = Maximum 1/100 mm
Time to initial display 4 10 seconds ¢ 3 seconds
Memory consumption (when OPEN) | = 73,000 KB e 45500 KB

*Evaluation PC: Pentium-M 1.6 GHz Memory 1 GB

Figure A.4 Comparison between P-XVL and V-XVL
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Figure A.5 Change in XVL position

ation as it allows inexpensive PCs to display gigantic 3D data. Even the free
XVL Players can display these enormous models. This means that, by converting
the data to XVL, massive 3D models designed on 64-bit PCs at leading companies
can be used by small subcontractors who only have 32-bit PCs.

Figure A.5 shows the main features of today’s XVL, namely, information inte-
gration ability using XML, small size which promotes data sharing on the net-
work, and efficient memory use which enables the display of massive data. In the
seven years since its birth, XVL has transitioned from a tool for ultra-lightweight
3D display to a “foundation for manufacturing business process innovation.” In-
creasing numbers of manufacturers are generating, storing, and sharing 3D XVL
data as they improve their business processes.



Appendix B
Overview of XVL Products

This appendix introduces the main XVL applications that are available on the
market. The easiest way to use XVL is to install the free “XVL Player” and start
viewing models. You can download XVL Player from www.lattice3d.com, then
see the demo page to view XVL models. Companies using XVL for communica-
tion often have XVL Player installed on every computer.

Basically, XVL applications can be categorized into three groups — conver-
sion, editing, and publishing (Figure B.1). Conversion software converts data
from CAD to XVL (Table B.1). Editing software modifies the XVL data, for ex-
ample by adding annotations and comments, changing structural information, and
creating animations. Table B.2 summarizes the functions of the “XVL Studio”
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family of XVL editors. Publishing software creates interactive 3D documents
based on XVL and writes them to different formats, including HTML, MS Of-
fice, and 3D PDF (Table B.3). Together, these tools enable 3D data to be used
for parts lists, assembly instructions, quality control, design reviews, and other
shape-based activities. The following sections introduce XVL tools from these

three function groups.

Table B.1 Main XVL conversion product groups

Purpose Software

Functions

Conversion XVL Converter
Series

1. XVL
Converter
Plug-in

2. XVL
Converter
Light

Security XVL Signer
(+ public key
encryption
option)

Process XVL System
Toolkit

Converts CAD or CG data to XVL

1. Plugs into the CAD system and provides a “save as XVL”
function

2. Standalone converter for CAD data. Supports batch and auto-
matic conversion

Available from Lattice Technology and CAD developers

CAD formats include CATIA V4, CATIA V5, UG, SolidEdge,

Pro/Engineer, Solid Works, Inventor, One Space Designer, and

others

Signs and encrypts X VL files, so that only authorized personnel
may use them.

Can work alone or with an authentication server

Set of command-line tools that process X VL files.
Used to develop automated XVL processing systems

Table B.2 XVL Studio product family

Purpose Software

Function

Viewing XVL Studio

Basic
Editing XVL Studio
Standard
DR XVL Studio
Pro

Illustration  Illustration
options

Displays XVL geometry, generates cross-sections, measures
dimensions.

Simple editing of assembly structure and annotations, efc.
Tool for supporting technical documentation. Has functions to
create 3D animations and process plans.

Includes XVL Studio Basic functions

Provides design review functions such as interference check,
advanced cross-section generation, interference reporting.
Includes XVL Studio Standard functions

Creates illustrations from XVL models
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Table B.3 3D documentation product groups

Purpose Software Functions

3D docu- XVL Notebook 3D document editor. Creates interactive 3D documents that

ments Standard include 3D models, 2D illustrations, assembly trees, product
configuration information, markups, and more. Outputs to XVL,
MS Office, HTML, and 3D PDF

Interactive ~ XVL Web Automatically generates interactive 3D web pages such as 3D
3D web Master parts lists and 3D manuals
pages

B.1 XVL Studio Basic: Viewing and Editing Models

Production uses of 3D data include shape measurement and cross-section display.
XVL Studio Basic serves these purposes by providing basic viewing and editing
functions. As shown in Figure B.2, this tool has functions for editing annotations,
changing colors, transforming parts, and editing the assembly structure. It is able
to read and write several 3D formats including XVL and IGES.

It is increasingly common for subcontractors to receive CAD models — not
drawings — from their customers. Suppliers often receive CAD data in different
formats from different customers. For these suppliers it is not economical to install
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Figure B.2 XVL Studio Basic editing functions
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multiple CAD systems just to view the different CAD models. XVL Studio Basic
is the perfect solution for such suppliers.

At large companies, XVL Studio Basic serves as a useful and economical tool
for 3D communication, particularly in areas that do not use 3D CAD such as
manufacturing plants and production technology departments. Efficient use of
XVL Studio Basic eliminates the need for drawings. Traditionally drawings have
been used to convey shape, dimensions, and instructions to downstream depart-
ments. XVL Studio Basic can display the same information in XVL models.

In this way, XVL eliminates the need for analog processes such as drawings,
enabling design information to be digitally sent to downstream processes. Provid-
ing such production information to business partners further reinforces collabora-
tive business relationships. Such tight partner relationships may become key
sources of competitive strength.

B.2 Products for Document Creation Using XVL

XVL is commonly used to create technical documents. There are two basic methods:

1. Attaching 3D models to e-documents and
2. Creating 2D images or illustrations from 3D models, and pasting these into
e-documents

3D models are widely used for parts catalogs and assembly manuals. 3D as-
sembly animations, for example, are clear and easy to understand. However,
paper technical documents are still widely used. 3D data can streamline the proc-
ess of creating paper documents by automatically generating the 2D images and
illustrations.

B.2.1 XVL Studio Standard: Creating Animations

XVL Studio Standard provides several methods of creating animations (Fig-
ure B.3). It includes a process planning feature, which enables the user to create an
animation just by specifying the order in which the parts come together. All the
user needs to do is to define the tree describing the assembly order. This tool auto-
matically generates animation from this definition. The assembly animation can be
played back on XVL Player, the free XVL viewing tool.

Another animation method in XVL Studio Standard is keyframe animation.
XVL Studio Standard provides the standard keyframe editing tools that are famil-
iar to any experienced animator.
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Figure B.3 XVL Studio Standard animation functions

XVL Studio Standard also has a function for defining snapshots. As shown in
Figure B.4, snapshots can contain camera positions and part positions, visibility,
and rendering style. Sometimes, 3D data can be too rich and complex. Snapshots
are a convenient way to reduce confusion and highlight particular aspects or fea-
tures of a model, thus improving communication.

Figure B.4 XVL Studio Standard snapshot functions
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B.2.2 XVL Studio Family: Illustration Functions

XVL Studio also comes with optional illustration functions. As shown in Fig-
ure B.5, XVL Studio can generate exploded views for parts catalogs. XVL Studio
enables the user to define the part disassembly order, part trajectories, rendering
styles, part numbers, and other illustration elements. Furthermore, all of these
elements can be easily edited. The resulting illustrations can be saved in raster
and vector formats. They can then be edited in illustration programs or inserted
directly in documents. Use of 3D data dramatically reduces illustration time.

Along with part geometry, XVL also includes part attributes. XVL Studio can
output part attribute information in CSV format. The part attribute information can
be combined with illustrations to create the parts catalogs shown in Figure B.6.

Automatic disassembly 18 !
Automatic trace-line generation A e
Automatic annotation generation ,‘fq‘. .
1} %
Edit as required l

Figure B.5 XVL Studio series illustration option

Disassembly tree

) Parts information
Disassembly parts

list CSV

e : e Parts catalog

XVL Studio series illustration option

Figure B.6 Creation of parts catalog using illustration function
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B.2.3 XVL Notebook: 3D Document Creation

XVL Notebook enables the user to easily create 3D digital documents. As shown
in Figure B.7, XVL Notebook is able to display 3D shapes, images, tables, and
text information all together. Just pasting an XVL file into a Notebook document
will create a 3D view. The 3D view is fully interactive; it enables the user to pan,
zoom, and rotate the model. The 3D view image can be saved as a snapshot. Also,

Generate a camera

Web (IE)
Browser

il

il Freehand document layout

Figure B.7 XVL Notebook document editing
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Figure B.9 XVL Notebook Standard web page generation for assembly process instruction

the XVL file has assembly information and part data. This information can be
extracted and saved as tables in the document. Furthermore, all these elements, 3D
views, 2D snapshots, and table, are linked together. For example, selecting a part
in the 3D view can highlight that part’s information in the table. And selecting
a 2D snapshot will reorient the 3D view and change the rendering style so that it
matches the snapshot (Figure B.8).

XVL Notebook creates dramatically new kinds of documents. While paper
documents are stationary in nature and do not change, Notebook documents
change dynamically, allowing the user to view the data from any desired view-
point. Notebook documents can also play 3D animations defined by XVL Studio
Standard, making Notebook a fast and easy tool for creating work procedures and
disassembly manuals. Notebook documents can be saved as XVL, 3D PDF, and
HTML (Figure B.9), enabling them to be shared over the internet.

In the past it has not been difficult to create documents with 3D views, but it
has been very difficult to link the 3D data to other elements such as images and
tables. XVL Notebook resolves that problem and makes it easy to create dynamic,
interactive 3D documents.

B.2.4 Lattice3D Reporter: 3D Spreadsheets

Many companies use Microsoft Excel to generate reports, check sheets, and other
production documents. Lattice3D Reporter is an Excel add-in that enables the user
to insert 3D data into spreadsheets. Similar to XVL Notebook, Lattice3D Reporter
enables the user to insert 3D models, 2D images, part tables, buttons, and more
into spreadsheets. Of course the elements are linked, so selecting a part in one
view highlights that part in other views. This turns ordinary spreadsheets into
interactive 3D documents that are easy to understand and use.
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B.2.5 XVL Web Master: Automatic Webpage Generation

XVL Notebook is great for manually producing interactive 3D documents, but as
companies expand their use of 3D they need a way to automatically generate such
documents. XVL Web Master fills that need. It automatically processes X VL files
to produce parts lists, assembly instructions, and other interactive 3D HTML
pages (Figure B.10). These pages can be served on the web, and clients only need
a web browser to view them from anywhere in the world.

XVL Web Master contains several advanced functions. Given an XVL file it
can automatically create 2D images and illustrations. These illustrations can be
linked to the 3D data, so that when the user selects a part in the illustration it high-
lights in the 3D model, and vice versa. XVL Web Master can also add disassem-
bly animations which enables the user to “explode” the model in the 3D view.

But the most valuable function of XVL Web Master is its ability to integrate
product information with the 3D model. XVL files contain structure information
and part data along with the 3D shapes. XVL Web Master can extract this infor-
mation and put it in assembly trees and parts tables on the page. Of course these
trees and tables are linked to the 3D and 2D views, so that selecting a part in one
view will highlight it in the others. But XVL Web Master goes beyond just ex-
tracting the data that is already in the XVL file; it can also integrate external in-
formation into the page. For example, most companies keep part data in a database
separate from their CAD models. XVL Web Master can automatically add such
external part data to the part table and make it available to all users.

Automatic disassembly animation,

Automatic illustration data generation,
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Figure B.10 XVL Web Master applications
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Figure B.11 shows a webpage generated by XVL Web Master. Four types of
information are displayed here: a 3D view (XVL) on the top left and bottom cen-
ter, a 2D illustration (SVG) on the top right, an assembly tree on the bottom left,
and a parts table on the bottom right. Clicking a part in any of the views highlights
that part in the other views, so, for example, by selecting a part in the 3D view the
user can check its part number, supplier, and price at a glance. The table could
even be further customized to enable them to order the part.

XVL Web Master supports batch and automatic processing of XVL files. It pro-
vides an economical to way to generate large numbers of interactive 3D documents.
Many companies use XVL Web Master to automatically generate parts lists, assem-
bly instructions, and other interactive 3D documents for every CAD model.

B.3 XVL Studio Pro: Design Review

In the manufacturing industry, design changes incur the greatest cost when they
happen late in the production phase. Design reviews (DRs) are conducted during
the design phase to uncover problems and prevent late-stage design changes. XVL
Studio Pro was jointly developed by TOYOTA and Lattice to enable efficient
DRs. XVL Studio Pro calculates interferences and clearances on large models,
provides detailed 2D and 3D cross-sections, generates illustrations of each inter-
ference, and writes DR reports.
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As shown in Figure B.12, XVL Studio Pro handles models containing thou-
sands of parts, meaning that CAD data exceeding 10 GB can be displayed on PCs.
XVL Studio Pro can also simultaneously display 2D and 3D cross-sections (Fig-
ure B.13). This feature allows users to interactively section even very large mod-
els, and the 2D and 3D views will update dynamically. This is useful for DRs,

Figure B.13 XVL Studio Pro cross-section display
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during which interferences, clearances, and contacts can be observed in detail. As
shown in Figure B.14, XVL Studio Pro can also extract cross-sections along
curves, making it useful to designers of complex products. And finally, XVL Stu-
dio Pro can generate interference reports (Figure B.15). These reports not only list
the interferences; they also include illustrations of the interference areas. These
illustrations show the problems at a glance. The reports themselves enable prob-
lems to be easily tracked, managed, and resolved.

XVL Studio Pro increases the efficiency and value of DRs. It enables design
reviews of whole models, not just selected pieces. Automatic interference check-
ing is fast and complete; there is no need to check again after the first time. Inter-
ference reports highlight the problems, so the meeting can focus on resolving
them. Dynamic 2D and 3D cross-sections enable reviewers to examine problems
in detail. And the use of 3D data enables non-engineers such as plant staff to par-
ticipate in reviews. Such personnel might have problems interpreting the design
from just drawings. In this way, XVL Studio Pro lowers the barriers between
design and manufacturing and contributes to smooth communication between the
two parties. This, in turn, improves design quality.

B.4 XVL Signer: Security Tool

XVL data is lightweight and easy to use. It can be sent by email and viewed by
anyone using the free XVL Player. These benefits, however, come with some risk.
XVL, being lightweight, has the potential to leak and spread important design
information outside of the organization. To prevent this, XVL data can be secured
using XVL Signer. XVL Signer is a tool which signs and encrypts XVL files, al-
lowing only those who know this password to access the data (Figure B.16).

Use Case

Cannot view

XVL Signer Company’s internal network

Figure B.16 XVL security function
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Figure B.17 XVL Signer function

XVL Signer adds four levels of access rights to XVL files: editing rights, meas-
urement rights, browsing rights, and access rights. Some users may be able to open
the file but not measure it; others may not be able to open the file at all. As shown
in Figure B.17, XVL Signer can also set the creation and expiration date of an
XVL file. When the term expires, the file will immediately be rendered inaccess-
ible, and none will be able to view it. In addition, XVL Signer can set the copyright
string that will be displayed with the model in XVL Player.

Leading companies often have security servers with user authentication func-
tions to control access to in-house information. XVL Signer is designed to inte-
grate with such authentication systems and provide seamless protection for XVL
files and related data (Figure B.18).

— XVL file encrypted/decrypted by public key/secret key method
— Used together with user authentication

Encryption/Signature
P AYBRT ) XVL Signer [ E
(@)

Security server
User Authentication

| Public key encryption function |

Company network

Figure B.18 Public key encryption function



Postscript

Innovation comes in two ways: reactive and proactive. The use of 3D CAD data in
product design can be said to be reactive innovation and defensive reform to catch
up in competition and business partnerships with rival manufacturers and leading
manufacturers overseas. The use of 3D data in the areas of manufacturing and
maintenance has indeed enabled Japan to assume a leadership role in the world.
3D data is a tool which allows pioneering proactive innovation and manufacturing
reforms.

Japan’s manufacturing industry is known for its high-quality products based on
its long tradition of design work carried out jointly by designers and production
staff. This practice has enabled the two parties to talk about and resolve problems
encountered at the manufacturing site, and is the greatest reason why Japanese
products have been able to preserve their quality during the high-growth period of
the Japanese economy.

However, today, Japanese firms are transferring not only their production
bases, but also their development bases overseas, creating a situation where they
are finding communication becoming increasingly difficult. For a while it seemed
that the country was losing its competitive strength due to this increasing loss of
communication, but actually this trend has brought about the rapid 3D manufac-
turing process innovations described in this book. There are even companies that
are innovating manufacturing process based on 3D data throughout the organiza-
tion, from their design departments to manufacturing, procurement, quality assur-
ance, marketing, and maintenance departments. What these companies are aiming
at using IT for is the reinforcement of cooperation and dialog internally between
their different departments.

Process innovation methods are diverse, and depend on the business type and
operations. There is neither one universal method nor business solution. In this
sense, 3D manufacturing is clearly a proactive reform. With more and more com-
panies accumulating 3D data, these companies are now able to sustain their ac-
quired competitive strength over a long time just by improving the methods of
using 3D data. The application of IT tools for accumulated knowledge overflow-
ing from the manufacturing site will increasingly strengthen the Japanese manu-
facturing industry.

151



152 Postscript

The twenty-first century is said to be an era for those in control of knowledge
and information. In rapidly changing times, the speed at which knowledge be-
comes obsolete will accelerate even more. This will be accompanied by the need to
accumulate knowledge in the company, convey it, and share it even more quickly.
Needless to say, intellectual labor cannot be improved just by pep talks. Rules for
supporting sound stable intellectual labor are required, the most reliable of which is
the framework for using 3D data. Today, as manufacturers arm themselves with IT
as a tool to win in the global competition, it is hoped that this book will contribute
in some way by providing beneficial information.
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