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Introduction

This white paper will give a brief overview of MCAD software technologies, highlighting
their advantages and limitations, and illustrating the need for a new paradigm in 3D
Design. We will then introduce think3’s groundbreaking Global Shape Modeling
technology, and demonstrate how it delivers unprecedented levels of design power and
freedom to users.

MCAD Software Technologies Overview

2D DRAFTING

Lockheed (CADAM) and Computer Vision (CV) introduced the first commercial 2D Drafting
tools in the 1970s. (CV tools were running on proprietary hardware, while CADAM ran on
IBM computers). Those tools were aimed at replacing the drafting board — which had been the
de facto standard in mechanical design for centuries. Since then several others have been
marketed. These 2D Drafting tools enabled engineers and designers to automate the
mechanics of the drawing creation. Drawing accuracy, clarity and reusability increased; but
they had a limited impact on the overall productivity, because they did nothing to improve the
design-to-manufacturing process. As the personal computer became popular in the early
1980’s, these tools became widely used, and today, they still dominate the industry, as the
most popular MCAD tools.

SURFACE MODELERS

Although not commercialized, 3D design tools were actually used in the early1960’s - fueled
by the need to design complex shapes for cars, ships and the aerospace industry. De Casteljau
first invented the curves and surfaces based on poles when he was at Citroen. Then Bezier in
the late 1960’s promoted his curves for Renault. Ferguson at Boeing and Coons at MIT were
also doing work in 3D during that period.

The first complex surface modeling application (SYSTRID) developed by French
Aerospatiale and Battelle Institute was introduced on the market in 1979 to address the
industrial needs for complex designs. In general surface modeling tools allowed for a more
accurate representation of the real world within the design software, extending the 2D drafting
paradigm to a 3 dimensional space. It allowed CAD users to draw lines and 3D frames, which
could be “filled-in” (patched) with 3D surfaces. Although those tools were very powerful,
only well-trained users (with a background in mathematics and surface geometry) could
master them. Designers and engineers needed months of training to be able to use them.
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Clearly, these tools were destined to remain in the hands of a few power-users, and only the
largest companies would ever be able to afford such a massive investment.

SOLID MODELERS

The first commercial solid modeling tool (called Euclid) was developed and marketed by
Matra Datavision in 1979.

In the second half of 1980’s Parametric Technology Corporation (PTC) followed suit and
created very successful businesses around their feature-based parametric modelers.

A feature is a semantic operator that lets users act on “WHAT” to design, allowing engineers
to create complex 3D models using tools that are closer to the real-world manufacturing
description. Design features are essentially libraries of pre-defined operators that can be used
to construct a solid model. They include standard form-features such as a holes, bosses, ribs,
slots, chamfers, fillets etc. The software uses the same nomenclature designers and engineers
are already familiar with, and shields them from the complexity of the underlying
mathematical geometry'. The user can select the “hole” feature, select a face on the existing
model on which to perform the operation, specify the diameter of the hole, and the software
can complete the rest of the operation for him (including the creation of new surfaces and
trimming curves).

Parametric modelers enable users to go a step further and act on the “HOW” to design. This
represented a big step forward because they enable users to record their design actions
(history) and later replay those events. The software records parameters values, (such as hole
size and position), allowing the designer to change them later on.

LIMITATIONS OF CURRENT 3D DESIGN TECHNOLOOGIES

Although easier to use than the previous generations of 3D design software, feature-based
solid modelers are still plagued by significant shortcomings. The biggest problem is that they
restrict designers to a finite library of shapes. As an example, if the MCAD vendor did not
anticipate the need for a particular shape, the engineer can easily “get stuck”. This would be
similar to a manufacturer being confined to building its products from a set of Lego blocks.
This approach may work for simple products, but cannot scale as the product complexity goes
up. In general, as the set of functionalities increases semantically, it becomes increasingly
difficult to anticipate every design scenario, and hence some functionality is certain to be

! For example, in order to create a hole in an object, using the older-generation of surface-based modeling
tools, a user would have to define a cylindrical surface (with the appropriate radius), position this new
surface in the existing model, and examine where the surface intersected the outside boundaries of the
existing model. The user would then use the software to create the intersection curves between the
cylindrical surface and the appropriate exterior surfaces. These intersection curves would then be used to
trim back the exterior surfaces
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lacking. Many design scenarios are indeed poised to require unforeseen shapes to achieve
desired end results.

In order to overcome those limitations, MCAD software developers have to provide
complementary tools such as 3D wire frame or surfacing tools on top of their solid
modeling application. Alas these add-ons are often not well integrated with their solid
modeling environment, hence not alleviating the limitations described above.

Solid and surface modeling technologies need to be designed from-the-ground-up for
interoperability. Allowing for solid modeling paradigms to be applied to surface
modeling tools and vice-versa.

2D Drafting 3D Wireframe and Feature Based Solid
Technology Surfacing Modeling
Age Of Technology 30 years 20 years 10 years

Replaces the Possible to Moderately
drawing board represent complex 3D
and speeds up the complex 3D shapes are easy to
process of shapes. model.
creating Design freedom. Easy to make

Advantages Of drawings. Model small design

Technology Design freedom consistency changes

Easy to learn and versus 2D (parameter value)
inexpensive. drafting. Model
Universal consistency
Language versus all others.
Very difficult to Software is very Tools cannot
use for complex difficult to use handle complex
products. and learn. shapes and can
No 3D Even simple get stuck.

Disadvantages representation. shapes can take a Major design

Of Technology Changes are long time to changes can often
manual and error- model. be difficult or
prone. Views are Changes are impossible to
often inconsistent difficult. make.
after changes.

TABLE 1: RELATIVE MERITS OF DIFFERENT DESIGN TECHNOLOGIES

Global Shape Based Modeling

Global Shape Modeling (GSM) technology was developed by think3 with the goal to
provide flexibility and freedom to designers, and better integrate the style in the design
process. GSM is a step toward the “WHY” of a design. It takes into account that in
Industrial Design modifications are more important than the creation of shapes. In order
to reach the design intent on a style, designers need to be able to make modifications to
shapes. As discussed previously, parametric modelers force designers to plan for model
changes a priori. GSM relieves this limitation, and gives designers the freedom to make
changes a posteriori. GSM lets designers make modifications to shapes without a priori
constraints. In the real world design scenarios will require unforeseen shapes to achieve the
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desired result. GSM enables designers to modify designs in a different way than they were
designed (making history not mandatory).

Global Shape Modeling is a dream come true for designers, delivering freedom to innovate
while offering a very high-level of abstraction. Although designed for Industrial Design
application, GSM has a large range of applications in Mechanical CAD. Combining the best
of solid modeling and surface modeling, GSM is poised to deliver an unprecedented boost in
designers’ creativity and productivity.

Global Shape Modeling was built on the premise of the following requirements:
= Make the most sophisticated 3D modeling tools accessible to non-specialist users

= Deliver unprecedented levels of design power and freedom to users (well above
what was conceived achievable in the industry)

A global shape modification takes two sets of constraints as input:

= Preserving constraints -- which define the extent to which the existing model cannot
change

= Target constraints -- which specify what the desired shape will look like or satisfy.

In the next sections, we will present several examples illustrating the power of GSM.

POST DESIGN CHANGES

Often, designers receive requests for design modifications late in the product development
process. These changes, although appearing like small “tweaks”, can be inordinately difficult
to accomplish using incumbent mechanical design tools. Global Shape Modeling lets
designers make late design modifications timely and cost-effectively.

Post design changes on feature-based and free-form models
Figure 1 - Post design changes to a feature-based plastic object.

Let’s suppose that the post design request is as follows: the top 2 parts (designed as “linear
sweeps”’) need to be modified to follow the green-doted arc. This simple design modification
is impossible to accomplish using a feature-based parametric solid modeler, (unless the
change had been foreseen and accounted for). With think3’s Global Shape Modeling
technology the modification can be realized in a matter of seconds. Furthermore the software
will automatically update all related assembly documents and drawings to reflect the design
change. It is also important to note that GSM will also conserve the topology (fillets, thickness
and grooves are automatically maintained).
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Before Global Shape Change After Global Shape Change

Figure 1: Effects of a global shape change on a feature-based plastic model. The purpose of the modification was
to change the top 2 parts to make them follow the green-doted arc. (Note how the top gray part got reduced
automatically). (Real time modification)

Figure 2 - Post design changes to an IGES-loaded plastic object.

IGES models (like other types of imported models: STEP, VDA, DXF etc.) typically lose
their history trees when they are imported into new systems. As a result they cannot be
modified using traditional solid modelers. GSM alleviates this restriction, and empowers
designers to modify IGES models, as easily as they would with any other dimension-driven
solid.
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Before Global Shape Change After Global Shape Change

Figure 2: Effects of a global shape change on a consumer product, (loaded in IGES mode). The goal for the
modification was to shorten the hair drier and give it a more ergonomic handle. (Real time modification)

Figure 3 - Post design changes to a free-form model.

In this case, the user received a request to shorten the hood and the bumper of a car,
keeping the extremities of the hood (adjacent to the windshield and the wings of the car)
fixed in position, tangency and curvature.
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Figure 3: Effects of a global shape on a free-form model. The purpose of the modification was to change
hood (including the headlights) and the bumper of the car, keeping the extremities of the hood fixed. The
yellow highlighted surfaces reflect the change. (Real time modification)

The examples above illustrate two common types of requests for late design modifications; the
first example deals with a feature-based model, the second with a pure free-form model. Those
kind of simple yet far-reaching changes to models are extremely difficult to accomplish using
conventional tools. Feature-based parametric solid modeling systems have difficulties dealing
with those types of design modifications, because the features that make up the model are
local by nature, and therefore the parameters that drive them can only result in local changes®.
Surface modelers have difficulties because (although individual surfaces can be manipulated)
the continuity between adjacent trimmed surfaces is practically impossible to maintain, often
causing the models to fall apart.

Global Shape Modeling Bending Tool

A third example is shown in Figure 3. In this case, the final design of a mouse-shaped
handle has to be changed, to shift the center of gravity slightly forwards. In this instance
an important engineering constraint has to be satisfied: the body of the mouse has to stay
fixed. This post design change can be easily accomplished using the GSM Bending tool.

2 To make an analogy, feature-based and parametric modelers are equivalent to running a specialized
program that cannot be modified a posteriori.
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Figure 4: Global shape change on the model of a mouse. The 2
models are exactly aligned — note how the head of the top mouse
was bent forward while its body remained fixed. (Real time
modification)

Using the same “GSM Bend” technique, it is also possible to extend/shorten mechanical
objects while preserving the functionalities of their mechanical features (i.e. holes and
bosses can be preserved). Figure 4 illustrates the case of a mechanical object needing to
be extended. Let us stress the fact that the object was imported into thinkdesign from a 31
part tool without a history-tree, something that other MCAD software cannot handle.

Before Global Shape Change After Global Shape Change

Figure 5: GSM-Bend on a mechanical and non-history based solid that needs to be extended.
(Real time modification)
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MODEL CREATION ENGINE

Surface modelers are typically difficult to use because surface shapes are often described
using mathematical terms (with u, v parameters, splines and other non-physical definitions of
shapes). Unlike traditional solid modelers, Global Shape Modeling allows users to define a
surface shape in physical terms, shielding the user from the underlying mathematical
complexity. As a result is delivers unprecedented improvements in usability. To create a
complex surface, all the user needs to do, is apply constraints to the boundaries of a shape and
its crossing curves; i.e. the shape needs to follow a given boundary, and be continuous with
specified surfaces. It is important to emphasize that GSM can apply (or preserve) up to G4
continuity.

CAPPING SURFACES

The following example (in Figure 6) illustrates the creation of a capping surface using GSM.
Capping surfaces are special features that are extremely difficult to model, using existing solid
modelers.

Before GSM-Capping After GSM-Capping

Figure 6: Computing of a capping surface. The GSM capping feature can impose up to G2 continuity without
imposing limits on the number of boundaries (in this case the total is 6). Note that the highlighted surface is
composed of one single surface. (Real time creation)
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Additional capping examples are shown in figure 6. Each of those examples would be difficult
to realize with traditional solid modelers, but Global Shape Modeling tools can create the

desired capping surfaces in record time.

Before GSM-Capping

After GSM-Capping

Figure 7: Capping scenarios. (Real time shape creation )

In the next example, shown in Figure 8, the challenge is to create a parting plane (surface) for
a mold design. The difficulty here lays in the fact that several surfaces are adjacent to one
another. Most parting plane algorithms struggle to compute parting surfaces when individual
surface elements overlap one another. However this is an excellent illustration of the power of

the GSM-Capping feature.
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Before GSM-Capping After GSM-Capping

Figure 8: Parting plane (the gray surfaces) has been created using the GSM-capping feature

DESIGN CHANGES FOR MANUFACTURABILITY

Anther powerful application of Global Shape Modeling is the ability to make late design
changes to meet manufacturability requirements. Figure 9 shows a finished part design that
does not meet the requirements of a mold maker. The mold maker has to deal with a missing
draft angle. In 90% of cases, mold makers get models from 3 party suppliers, without history
trees. And therefore it is almost impossible for them to apply the proper draft angle to a model
without rebuilding the model. This kind of late design modification is extremely time
consuming and complex to realize, even with the most sophisticated design tools on the
market.
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Before Global Shape Change After Global Shape Change

Figure 9: Add a draft angle to a non-history based model (IGES). Notice that a 2 degrees draft angle has been
added to the entire object. (Real time modification)

Another example of late design modifications to meet manufacturability requirements is to
remedy to the so-called “spring-back” effect . As shown in Figure 10, the intrinsic properties
of the fork (the elasticity of its material and its shape) will cause the fork to shrink slightly
when it comes out of the mold. Without GSM, in order to obtain a fork with the right
dimension and shape, the mold maker would have to design a larger mold (to plan for the
spring back effect). This is in essence very difficult to realize. With GSM, the mold maker will
create a mold (as if there were no spring back effect) and later simply apply GSM to the mold
(to counter the spring back effect). The beauty of GSM is that is this particular case, even if
the mold maker finds out late in the engineering process that his model has incurred a spring
back effect, he will still be able to make the necessary modifications, (without having wasted
time and materials).
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Before Global Shape Change After Global Shape Change

Figure 10: The particular shape of the fork will cause a spring-back effect. Using GSM we have made a posteriori
modification to the ENTIRE mold so as to ensure that the final result of the plastic injection will have the right
dimensions (counter-spring-back deformation). (Real time modification)

“ASSOCIATIVE” GLOBAL SHAPE MODELING

A powerful feature of Global Shape Modeling is that modifications made with GSM are
always stored in the model’s history tree. This gives designers the power to edit the history
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tree of the model, and make changes to any feature modified with GSM as easily as with any
other standard mechanical features. Which to some extent corresponds to programming the
“non-expectable”.

As an example, when the user creates a surface that has to pass through a curve, thinkshape
(think3 advance surface modeling tool) will remember that that particular curve was used to
create that surface. If the user modifies the curve, the surface will in turn be modified. That is
what is call “associative surfaces”. The same holds true for GSM. When a user makes a GSM
modification to an object, thinkshape will store all the preserving and target constraints (used
in the modification), so that if he later wants to change a constraint, the shape can
automatically get modified. This is what we mean by associative GSM. Let us stress that the
difference between associative surfaces and associative GSM is that, with GSM gives the user
the ability to modify a complete shape’, not just one surface.

In Figure 11, the user will modify the shape of a car by editing the GSM parameters. The
concept car below has incurred several GSM modifications; they are all embedded in the
history tree. By editing the previously stored GSM modifications (for example the target
curves) the user can easily modify the shape of the car.

T fn 7]
T gk Fale
=] .*' Ix :1.h .
o O s
o L] (n [T
L IF [
] B il
oI (e
[« =]
[k
n | - l
n ] ".. ,
[ i
T
T4
L IF
Before Global Shape Associative Change After Global Shape Associative Change
Figure 11: Modification of a concept car, by editing the associative GSM events. Notice that the car on the right-hand-
side has a smaller trunk. (Real time modification)

3 LLe. solids, B-rep (sets of assembly of trimmed surfaces), curves, points, ...
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In the previous example we applied associative GSM to a free-form shape (a car). However,
associative GSM can also be applied to full-mechanical objects and history based solid
models, as shown below. In Figure 12, we want to modify the gray solid so that it can pass
through the red curve. All we need to do (with GSM) is to select the entire solid and the red
section as the target curve, for the solid to be updated automatically.
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Before Global Shape Associative Change After Global Shape Associative Change
Figure 12: Application of associative GSM to a typical mechanical object. (Real time modification)

Conclusion

Global Shape Modeling is a breakthrough technology that has a wide range of practical and
powerful applications, which greatly enhance the creativity and productivity of designers and
engineers. Unseen before designers are now able to make late modifications to MCAD models
with unprecedented ease. GSM also empowers designers to create intricate surfaces via simple
and intuitive methods.

Global Shape Modeling represents the next paradigm in feature-based solid modeling. It
combines the ease-of-use of feature-based solid modelers, with the power and flexibility
of surface modelers (and none of their disadvantages). Feature-based system can “get
stuck”, and require a very thought-out solid modeling architecture to allow complex
changes to be made late in the design process. Surface modelers are typically too
complex to use, requiring mathematical training to achieve good results. Global Shape
Modeling is a breakthrough solution that delivers the best of both worlds: the power to
create the most complex shapes combined with unsurpassed simplicity and ease-if-use.
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