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Communication of Engineering Computer Graphics
Using Web 3D and 3D CAD in Japan

T. MOCHIZUKI*
* Shizuoka University of Art and Culture/Department of Design, Hamamatsu, Japan

Index Terms: Web-3D, 3D CAD, XVL

Introduction

In mechanical engineering, the use of a three-dimensional computer-aided design (3D CAD) system for
designing is rapidly increasing. When designing using 3D CAD becomes the main trend, many requests to
browse or use 3D CAD data will appear from beyond the design department, including the manufacturing,
quality management, maintenance, and sales departments. The volume of 3D CAD data (size of the files
saved in a computer) is large because they contain shapes, including curved surfaces, and all modeling
processes are saved. When such large-volume data are used beyond the design department, the computer
network will suffer from excessive load.

Although personal computers (PCs) with performance equivalent to that of an engineering work station
(EWS) are used in the design department, notebook PCs are used in other departments. It is difficult to
handle 3D CAD data on a notebook PC. Therefore, a technology for reducing 3D CAD data has become
necessary. In this study, we report a technology for reducing the volume of 3D CAD data and the
application of such technology to the manufacturing department in Japan. In concrete terms, we report the
Web 3D, a 3D annotated model in which the dimensions and geometric tolerance of a 3D shape are defined,
the visualization of the manufacturing process using the Web 3D, and the documentation using the Web 3D.

Volume Reduction of 3D CAD Data and Web 3D (XVL)

In 2000, an extensive virtual world description language (XVL) [1] was released as a method of
compressing 3D CAD data in Japan. The outline of the XVL is described here. Industrial products, such as
automobiles, robots and electric appliances, consist of modules (subassemblies consisting of several
components) and parts. Therefore, a product can be represented in a hierarchical structure composed of parts
and modules. In 3D CAD, an assembly with the same structure as that of an actual product is represented in
the memory of the computer.

Body

- B8 Tocw. Top assembly

Sub assembly

=~ Pan

Shaft Whee!

in XVL

Axis In 30-CAD

Fig. 1. Structure of assembly in 3D CAD. Fig.2.  Structure of assembly in 3D CAD and XVL

Figure 1 shows an assembly structure defined in 3D CAD. In 3D CAD, a product and a module are
referred to as a top assembly and a subassembly, respectively. The subassembly has several parts
(corresponding to components in 3D CAD), which are defined using several solids (bodies). Each solid is
represented on the basis of its boundary (boundary representation, B-reps). The toy car in the figure consists
of a body part and two subassemblies, the rear and front axes. Each axis consists of 3 parts, namely, a shaft
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and two wheels. In each assembly, files of the referred components (linkage to the parts’ files) and the
position of the components in the assembly space and their degrees of freedom are controlled.

In XVL, similar to 3D CAD, the assembly of a product is defined in a tree structure consisting of modules
and components. Figure 2 shows the structures of the assemblies in XVL and 3D CAD. The assembly
structure of the toy car shown in Fig. 1 is represented in XVL. In Fig. 2, the toy car is a top assembly and the
axis is a subassembly. The axis includes parts, namely, a shaft and two wheels, and the wheel has a body.
The body consists of multiple shells. In the figure, a wheel and wheel%]1 are shown. The part with %1
(wheel%]1) is called an instance, which refers to the original (wheel) where its shape is defined. The shape of
the wheel is represented using spatial position information and the linkage to the wheel. When several parts
have the same shape, the data size of the file can be reduced by representing the parts using an instance.
XVL also has this function.

XVL has two types of file format: xv0 and xv2 (or xv3). No shape information is included in xv0, where
information on each component structure is represented. The shape of the component is represented in xv2
(or xv3). When a large assembly such as a plant is represented, it is better to combine xv2 (or xv3) with xv0
rather than to use only xv2 (or xv3). This is because, for example, a design change in one component of a
chemical plant can be simply reflected by modifying only the xv2 (or xv3) of the part that should be changed.

| €AD |
l {Solidworks) |
294 MB——— 3.3 MB
Fig.3. xv0andxv2 in XVL Fig4. 3D CADto XVL (xv3)

Fig.5. 3D CAD to XVL (xv2)

Figure 3 shows a sample represented using xv0 and xv2. In this case, Toycar.xv0 is a top assembly, below
which Axis.xv0 and Body.xv2 exist. Axis.xv0 consists of Shaft.xv2 and Wheel.xv2. The shape information
is contained in Body.xv2, Shaft.xv2, and Wheel.xv2. Thus, it is possible that the xv0 file includes xv0 files
that represent a subassembly and xv2 files that represent the shape itself: this corresponds to the structure of
a product that consists of modules and components. The hierarchical structure in 3D CAD can be
automatically converted into xv0 and xv2 (xv3) files using XVL. The structure, except for large structures,
in 3D CAD could be represented by single xv2 files only.

The shape of a part is represented on the basis of its boundary (B-reps) in XVL. A shell corresponding to
a curved surface model and that corresponding to a polygon model are prepared as shell elements of a solid
in XVL. The 3D model converted from CAD data has curved surface shells. The model converted from the
data of polygon representation in a computer graphic has polygon shells.
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Figures 4 and 5 show examples of the conversion of the model from 3D CAD to XVL. The data size of
the CAD model is compressed to 1/90 and 1/110 in Figs. 4 and 5, respectively.

(a) xv2: 0.23MB Smooth shading (b) VRML: 6.06 MB

Fig.6. XVL vs. VRML

When a solid is displayed on a computer screen, its shape is generally represented in polygon format.
Virtual reality modeling language (VRML) uses the polygon format. Figure 6 shows the comparison
between VRML and XVL. The model is represented by fine polygons in VRML (Fig. 6(b)), whereas the
shape of the model is represented on the basis of curved surfaces in XVL (Fig. 6(a)). The file size in XVL is
approximately 4% that in VRML, but both file sizes become equal when the model is drawn by smooth
shading.

3D Annotated Model

Currently, two-dimensional (2D) drawings are still used even though 3D CAD has been introduced. In
Japanese industry, a 3D annotated model, in which the data of dimension and tolerance described in a 2D
drawing are attached to 3D CAD data, attracts much attention. In the US, the 3D annotated model is
prescribed by the American National Standard Institute (ANSI). In Japan, the Japan Automobile
Manufacturers Association, Inc. (JAMA) and Japan Auto Parts Industries Association (JAPIA) issued
guidelines for the 3D annotated model in 2004 and have exerted effort to spread the use of the model. In
December 2007, the Japan Electronics and Information Technology Industries Association (JEITA) issued a
draft of the guidelines for the 3D annotated model. Thus, the industry is playing a key role in the promotion
of the 3D annotated model in Japan. However, no training on 3D annotated modeling is provided in
engineering education. One reason for this is that the 3D annotated model is not established in JIS.

Isometric View Top view

I}ITK\C = 5 =
3

Seetion View ¥ Bige Vaew

Fig.7. 3D annotated model Fig.8. Definition of view

Figure 7 shows an example of the 3D annotated model. The datum, dimensions, dimensional and
geometric tolerances, and notes are denoted using a 3D model. Because all the information needed for
manufacture is included in the 3D annotated model, the presentation on the screen becomes messy when all
the information is displayed. Therefore, view directions are defined in the 3D annotated model, by which the
model can be displayed similarly to a 2D drawing. Figure 8 shows an example. In this example, views from
different directions are defined: an isometric view, a section view, a top view, and a side view. Owing to the
use of the 3D annotated model, communication via information technology has continuously grown between
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the design and manufacturing departments, and the graphic communication between Japan and overseas
production bases has become easier.

Fig. 9 2D drawing to 3D annotated model

Figure 9 shows a case of a Japanese company that shifted communication using 3D CAD, 2D drawings,
and a parts list to that using 3D CAD, the 3D annotated model, and product data management (PDM). This
company succeeded in reducing the cost of preparing 2D drawings and parts lists by 47%.

Design Review by Web 3D

When failures, including interference among several components and disagreement between a hole and an
axis, are found at the manufacturing stage, serious loss arises. Therefore, design review is essential. In a
conventional design review, several cross-sectional views were prepared and a drawing is visually checked
for any problems. However, some failures might be overlooked by visual inspection. Moreover, as shown in
Fig. 10, the results of the design review that are in red and noted on the complicated drawing might not be
accurately conveyed to readers.

Fig.10. Design review by 2D drawings Fig.11. Design review by XVL

When the design of a product with numerous components (e.g., automobiles, ships, and airplanes) is
reviewed using 3D CAD, the result sometimes cannot be displayed because of excessive data size (which
exceeds the memory capacity). Moreover, there is another problem in that it takes a very long a time to
display a cross section. When XVL is used, in which the size of 3D CAD data is reduced, the result of the
design review can be displayed using a PC with a memory of 2 GB. In the design review using XVL, it is
possible to automatically detect interferences among numerous components and to check in detail
interference sites by simultaneously displaying 3D and cross-sectional shapes, as shown in Fig. 11. The
result of the review can be printed as a 3D document. Owing to XVL, the work process of the design review
was markedly improved.

Web 3D (XVL) Animation and Visualization of Manufacturing Process [2]

In the manufacturing process, goods are transported with suitable timing using machines or moved
corresponding to the motion of several robots. The motion (action) has a time factor. Therefore, when the
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motion during manufacture is defined in each time as shown in Fig. 12 and visualized using animation,
failures during the manufacturing process can be detected on a computer.

Manufacturing includes the processes of fabrication, assembly, and inspection. Each process requires
respective machines, robots, and a transport system. When the manufacturing process is represented in 3D
CAD, the entire process corresponds to an assembly and each process corresponds to a subassembly. In each
process, the location and posture of the parts to be fabricated or assembled change with time. Therefore, a
coordinate system is first defined in XVL to represent rotational and translational movements. Then, the
location and posture of the parts are defined for each key frame.

> L

(b) Sequence of production 7 (c) Virtual assembly and hurnaﬁ model

Fig.12 Manufacturing process and animation

3D Documentation

Many documents are prepared in the design and manufacturing processes. Most of them are prepared
using Word and Excel. Figures and digital photographs are pasted between texts, and the obtained file is
converted to a PDF file for distribution. If it is possible to generate 3D shapes in a figure, readers can
magnify and rotate the 3D shape during viewing. A software program for 3D PDF was released by Adobe in
2006. Also in XVL, it is possible to import the data of 3D shapes in Word and Excel files.

The feature of technical documents with 3D shapes is that the action of shapes can be represented in such
documents. It is possible to provide assembly and maintenance product manuals that are easy for users to
understand by defining the animation for the 3D shapes. By programming in Web language, such as XML
and HTML, it is possible to support multiple languages, including Japanese, English, and Chinese, as well as
to synchronize the animation with sound files. Figure 13 shows the assembly and maintenance manuals
using XVL.
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Conclusions

In this report, we described the current status of graphic communication using 3D CAD and Web 3D in
Japan. (1) It is possible to perform graphic communication using a computer network by converting 3D
CAD data into Web 3D (XVL). (2) The guidelines of a 3D annotated model are prepared mainly by JAMA
and JEITA. (3) The method of the design review has been shifting from 2D drawing to Web 3D (XVL). (4)
Web 3D and animation have enabled the visualization of manufacturing. (5) The application of Web 3D to
the preparation of assembly and maintenance manuals is being promoted.
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