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Abstract

Many industries have embraced the concurrent engineering design process over the last 15 years. Part of the reason for the shift from a linear design process to concurrent engineering design has been the availability of constraint-based, computer-aided design software (for example: Pro/Engineering, CATIA, SolidWorks). These programs put the 3D database at the center of the design process. They allow changes in the 3D model to be felt throughout most downstream applications such as assemblies, documentation drawings, bills of materials, computer-numerical control code, and other product data information. Engineering and technical graphics programs at the university level, however, have only been using these types of software in their courses within the last several years. One obstacle to this type of change has been the cost of hardware and software. Another, and probably more prominent, excuse for not revising the engineering graphics curriculum to include constraint-based programs is tradition. The core of the curriculum, which has mainly focused on engineering drawings, has not changed much over the last 50 years. Even though there has been some disagreement over what should be included, many engineering and technical graphics educators have recently made efforts to revise their curricula to include constraint-based modeling. With this type of software comes some interesting challenges for faculty: What classroom topics are no longer necessary or important in a constraint-based CAD environment?; What classroom topics are critical to cover in a constraint-based CAD environment?; What types of activities will allow students to realize the full power of the software?; and How should these activities be evaluated? This paper will address how engineering and technical graphics faculty have been coping with the change to constraint-based programs by describing changes in the curricula, classroom activities, and grading strategies.

Introduction

Engineering and technical graphics curricula have mainly been focused on documentation practices over the last 50 years. Emphasis has been placed on proper selection and placement of views, dimensioning standards and technique, descriptive geometry, and the ability to visualize objects when given multiview drawings. Within the last 15 years, 3D modeling programs have provided those involved with engineering design new tools with which to work as well as a different way of looking at engineering design. The new generation of software, specifically constraint-based CAD, has shifted the emphasis from documentation to correct part geometry and design intent. Previously, introductory engineering graphics courses included topics such as lettering, correct use of instruments, geometric constructions, multiview and pictorial drawing, sectional views, auxiliary views, dimensioning, and manufacturing processes 1. These topics may have been successful in the past, but they likely will not prepare students for the current market. Now the use of geometry orientation and documentation only are not sufficient to evaluate how a student will perform with sophisticated CAD tools 2. Students have to be able to do more than just create static models and drawings extracted from the models 3. With the current types of tools and software available, industry is looking for individuals who can move data throughout the design process, collaborate online with customers, suppliers and coworkers, identify and fix problems with 3D geometry, use powerful knowledge-based systems to design complex assemblies, and be flexible enough to do design and development work 4.

Activities

Many activities can be developed that allow students to realize the full power of constraint-based CAD software. Educators should resist the temptation to only focus on having students create static models of parts in order to extract multiview drawings. Concentrating only on static modeling activities will not allow students to experience the full potential of the software. By planning carefully, educators can develop activities such as engineering change notices, reverse engineering exercises, modeling parts from catalogs, and design problems that give students a real appreciation for the power of constraint-based modelers.

Engineering Change Notice

One type of activity that introduces students to the capabilities of constraint-based CAD software is the engineering change notice (ECN). Instructors can select a single part to be changed in order to demonstrate the importance of a particular geometric relation (such as symmetry or tangency) or to examine ways to break or redefine constraints. For example, an ECN may be set up so students are first required to model the STOP BASE (Figure 1). The instructor may want to emphasize the importance of the tangent relation between the arc and the vertical line in the initial sketch (Figure 2). The student then might be asked to modify the width of the part by changing the 1.760 dimension to 2.500. The purpose of this step is to verify the tangent constraint between the arc and the line. The final step in the ECN might be to edit the initial sketch by breaking the tangent constraint (Figure 3).
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Figure 1. STOP BASE.
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Figure 2. First Sketch for STOP BASE.

[image: image3.png]50





Figure 3. Final Modification of the STOP BASE.

Reverse Engineering

Reverse engineering activities can be very useful when introducing students to constraint-based CAD tools. Instructors can provide students with parts to reverse engineer or let students select their own objects. By providing students with objects, instructors can ensure students work with particular types of constraints. Figure 4 shows an example of a hexagon head nut where students must create a regular polygon. Most modelers have built-in routines for creating regular polygons, but instructors might have students explore other methods for fully defining the geometry with additional constraints. When students select their own projects, instructors have to be open to working with all types of constraints and modeling strategies. Figures 5, 6, and 7 illustrate examples of student-selected projects where more sophisticated modeling procedures are required.
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Figure 4. Reverse Engineering a Hexagon Nut.
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Figure 5. Reverse Engineering of a Brake Assembly.

[image: image7.jpg]



Figure 6. Reverse Engineering of an Electronic Clock.
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Figure 7. Reverse Engineering of a Thread Tap.

Modeling Parts from Standard Catalogs

Modeling parts from standard catalogs is an excellent method for demonstrating how constraint-based CAD tools work. Most constraint-based CAD programs have some type of function that allows the user to produce multiple parts that share the same geometry. Figure 8 illustrates multiple configurations of a bearing where only the dimensions were modified. The part geometry remained the same for each configuration.
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Figure 8. Multiple Configurations of a BEARING.

Design Problems

Design problems can also help students realize the potential of constraint-based CAD. Educators can create problems that require students to use certain functions in the software in order to solve the design problem. For example, if several iterations of a design are required, a student might be required to use design tables to show multiple solutions (see Figure 8). Other examples include creating a helix to create a spring (Figure 9), using linear patterns (Figure 10), and using lofts and sweeps to create irregular surfaces (Figures 11 & 12.
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Figure 9. Creating a Helix to Model a Spring.
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Figure 10. Using Linear Patterns to Create a LEGO™.
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Figure 11. Using a Loft to Create the Base of a Tape Dispenser.
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Figure 12. Using a Sweep to Create the Lid on a Travel Mug.

Evaluating Assignments

One of the biggest adjustments educators must make when changing to a constraint-based CAD tool has to do with evaluating assignments. Examining print-outs of solid models or drawings is no longer sufficient to determine the correctness of geometry. A student may create what looks like a line tangent to an arc (see Figure 2), but the model is not correct if the student does not apply the tangent relation between the two entities. In order to effectively evaluate a student's work, the instructor must open the CAD file and examine each feature (Figure 13). This can be a time consuming task, especially when some engineering graphics courses contain hundreds of students. It may be necessary to prioritize the objectives of an assignment and only evaluate the key features of a model 5.
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Figure 13. Examine the CAD File to Determine Tangency.
Conclusions

The tools used in engineering design continue to become more sophisticated and powerful. One of those tools, constraint-based CAD, puts the 3D database at the center of the concurrent engineering design process. Within this environment, the 3D model is the driving force behind all engineering information. It is critical that our students know how to use this tool and use it correctly. In order for this to happen, engineering graphics educators will have to break away from traditional methods of instruction and design new activities that introduce students to the real power of constraint-based CAD tools. In addition, examining print-outs will no longer be the only acceptable way to evaluate a student’s performance. Engineering graphics educators will have to learn new ways of assessing performance by examining the electronic files of students. If we do not find ways to design new activities and new ways evaluating performance, we risk losing our respected place within engineering design.
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