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Abstract 

 

Three-dimensional visualization is an essential element in any web-based applications for 

engineering education and technical training. As concepts of virtual reality become possible, the 

use of three-dimensional elements can simplify the learning process. Effective information 

delivery is done by integrating a variety of multimedia components such as three-dimensional 

animations and simulations with the standard text and graphics. These electronic media are 

combined to match nicely with many of the aspects of technical training. Opportunity for the 

user to explore and learn effectively through an investigative process is provided using these 

technologies. This paper describes the incorporation of three-dimensional visualization as a main 

component with other media elements in the interactive web-based training project for Tinker 

Air Force Base (AFB) in Oklahoma City, Oklahoma. Three-dimensional visualization is 

implemented using the latest web-based, three-dimensional graphics supportive capability 

technology, namely Shockwave 3D technology.  

 

The training system, called the Constant Speed Drive (CSD) System, was developed for Tinker 

AFB to provide a flexible and effective training system that is accessible as a resourceful, 

stimulating, attractive, and challenging training method to serve a large number of personnel 

simultaneously. It should be noted that CSD is the name given by Tinker AFB personnel to a 

demonstration part used in this system. However, the name of this part used in the official 

Technical Order is Constant Speed Mechanical Drive Mechanism. The fundamental objective of 

this environment is to help engineers, technicians, and professionals at Tinker AFB better 

understand the required operations through an Internet-based learning environment. These 

various technologies such as text, graphics, and three-dimensional visualization (e.g. animation 

and simulation), are integrated to develop and efficiently deliver content-rich learning material.  

 

1. Introduction 

 

The rapid improvement of the Internet and web technology has provided new possibilities for 

various web-based applications including education and training. These technologies provide 

new and creative methods for presenting course material effectively. An advantage of web-based 

education is the flexibility in letting students, both in school and in industry, adapt to their own 

learning pace and different ways of understanding the concepts. A feature that allows immediate 
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feedback develops an interactive learning environment that can expand the students’ ability to 

understand the subject.  

 

In addition, to demonstrate engineering and technical concepts successfully, the best way to 

present information is to use three-dimensional models. As concepts of virtual reality become 

possible, the use of three-dimensional elements can simplify the learning process for engineering 

or technical concepts. Furthermore, integrating three-dimensional components and interactivity 

to create three-dimensional visualization provides users an opportunity to learn through 

experimentation and research.  

 

Currently, several learning and training systems for both educational and industrial purposes 

incorporate a variety of electronic media over the Internet such as Virtual FlyLab, Virtual 

Earthquake [1], Virtual City [2, 3], and eCourses [4, 5]. Three-dimensional visualization has 

played a major role in existing technical learning environments. This paper describes the 

incorporation of three-dimensional visualization as a main component with other media elements 

in the interactive web-based training project for Tinker Air Force Base (AFB). Three-

dimensional visualization is implemented using the latest web-based, three-dimensional graphics 

supportive capability technology, namely Shockwave 3D technology.   

 

In order to understand the details about designing this training system, a brief overview of the 

training system is given. As the training system is categorized into sections, the structure of the 

learning system is explained. Next the details of each section are discussed. Finally, the 

concluding section provides the summary of the training system. In this section, an assessment of 

the effectiveness of the training system is presented in order to support the usefulness of this 

environment. Additionally, the final section discusses recommendations for future improvement 

in improving web-based training system. 

 

 

2. Overview  

 

The fundamental objective of the CSD System is to train engineers, technicians, and 

professionals at Tinker AFB how to perform required operations on complex aircraft parts 

through an internet-based learning environment. Various technologies such as text, graphics, and 

three-dimensional visualization, including animation and simulation, are integrated to develop 

and efficiently deliver content-rich learning material. The environment is composed of three 

major elements including interactivity, three-dimensional visualization, and evaluation. These 

elements are considered essential elements for this particular web-based environment since they 

are the minimum elements required to achieve its objectives and to comply with Tinker AFB 

requirements as well. 

 

The CSD System was developed for Tinker AFB to guide and train Tinker AFB personnel to 

correctly perform the specific Aircraft Part Maintenance and Assembly Process. The main reason 

for Tinker AFB to have this web-based environment developed is to provide a flexible and 

effective training system that is accessible as a practical, impressive, attractive, and challenging 

training method to serve numerous personnel simultaneously. This training system focuses on 
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the Constant Speed Mechanical Drive (CSMD) Mechanism as a specific component. The 

purpose of the CSMD Mechanism is to drive each generator used in an aircraft (Figure 1). 

 

 

 
 

Figure 1: The CSMD Mechanism 

 

 

3. Learning System Structure 

 

In order to manage and effectively organize the materials, a linear structure is incorporated in 

designing the organization of the learning system. Three sections are organized in sequence to 

provide users an opportunity to gain the most information out of the learning materials. These 

sections include Part Breakdown, the Assembly Process Tutorial, and the Assembly Process 

Evaluation section. Figure 2 illustrates the learning structure of the CSD System. 

 

 

 
 

Figure 2: Learning structure of the CSD System 

 

 

3.1 Part Breakdown operation 

 

The Part Breakdown operation provides users the basic information about the assembly part, 

such as physical appearance of the assembly part and subparts, subpart names, and subpart 

locations. This information is necessary for users to proceed to subsequent sections and to 
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successfully understand the concepts presented. This information helps extend users’ ability to 

properly complete the training and assembly process itself. Users can obtain the information 

through the presentation of three-dimensional models. Using three-dimensional models is 

beneficial for users because users can actually observe the information in three dimensions and 

then obtain necessary information directly from what they perceive. A complete assembly part, 

represented by a three-dimensional model, is displayed in both exploded and unexploded views 

in order for users to explore and obtain information of subparts located inside the assembly part. 

Users have two options to explore the information in details, first, when users select an 

individual subpart of the assembly, and second, when users select an individual subpart name. 

Example screens of Part Breakdown are illustrated in Figures 3a and 3b. 

 

 

   
 

Figure 3a and 3b: Example of a screen in the Part Breakdown section 

 

 

In this operation, users can highlight and rotate the selected part at will. Users are then able to 

select any part in the assembly from an indentured list and the component will be highlighted on 

the main screen. The selected part will appear solid while the non-selected parts will become 

more translucent. Users can then select a part from the view port screen and the selected part will 

be highlighted in the indentured list.  

 

3.2 Assembly Process Tutorial operation 

 

The goal of this operation is to teach users how to correctly perform the assembly process. Users 

learn how to perform the assembly process step-by-step from the beginning until the assembly is 

completed. It is important to present users an assembly process one step at a time in order to 

make sure that users are able to perform the assembly process in the right order that is necessary 

for the completion of the assembly part. Step-by-step assembly process is presented through the 

use of three-dimensional animations along with text instruction. Using three-dimensional 

animations that closely imitates the real assembly process can help users understand the concepts 

clearly. Text instruction gives users written explanations of the actions required for each step. 

Using animation and text instruction together allows users to clearly understand how to complete 

the assembly process. Figure 4 illustrates sample animation snapshots from the beginning to the 

end. 
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Figure 4: Samples of an animation process from the beginning to the end 

 

 

3.3 Assembly Process Evaluation operation 

 

The Assembly Process Evaluation operation is designed to evaluate users’ performance in 

assembly process step-by-step to ensure that users clearly understand the assembly procedure 

and they are ready to correctly perform the assembly process using the actual assembly part. 

Users have to perform exactly a step-by-step assembly procedure as demonstrated in the 

previous operation through the use of three-dimensional simulations. Three-dimensional 

simulations are employed in order to make users feel like they are performing the assembly 

process using actual assembly parts. Users have to move the models involved in a particular step 

to their correct position in the assembly and in the right order of assembly to be able to move on 

to the next step and so on, until the completion of the assembly. A user has to perform as though 

he or she was completing a real assembly using real models. Figure 5 illustrates samples of 

models in a simulation process when the position is correct and incorrect.  

 

 

 
 

Figure 5: Samples of a simulation process in both correct and incorrect situations 
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4. Assessment 

 

Assessment was conducted over a period of the development. The progress of the system has 

been reported to Tinker AFB on a frequent basis in order to comply with the requirements. 

Reviews, comments, feedback, and suggestions from Tinker AFB on system’s performance, are 

received and reviewed after each section is developed. The feedbacks were extremely positive as 

to the way the system can contribute to employees’ work and responsibility. Although, all the 

positive feedbacks received from Tinker AFB personnel are verbal only. Since Tinker AFB 

decided to continue the project to the second phase, the CSD System can be considered success 

in its performance and effectiveness. 

 

One issue for the improvement of the CSD System is the creation of three-dimensional models 

using only Lingo. At this time, three-dimensional models used in the system were created using 

another application (Pro/ENGINEER) and then imported into Shockwave 3D. This results in 

large file sizes that required long download times. This is a significant concern in term of 

memory usage as well. Using Lingo to create three-dimensional models would help solve this 

problem; however, creating such complex three-dimensional models is a challenging task since 

the structure of Lingo does not provide sufficient flexibility and convenience for 3D technical 

models. Also developers have to clearly understand the mathematical representation of three-

dimensional models. 

 

5. Summary 

 

An interactive web-based training system was developed for Tinker AFB for convenient, 

flexible, effective, easily accessible, and low-cost training of its personnel. However, it is still 

capable of supporting an intensive learning style similar to traditional training methods. The 

system is intentionally used to train and guide Tinker AFB personnel to properly perform 

procedures for the specific Aircraft Part Maintenance and Assembly Process. Once training is 

completed, the user has the ability to accurately operate the specific Aircraft Part Maintenance 

and Assembly Process as a result expected by Tinker AFB. This demonstration environment 

focuses on the CSMD Mechanism. The system consists of three major sections: the Part 

Breakdown operation, the Assembly Process Tutorial operation, and the Assembly Process 

Evaluation operation. 

 

The environment is composed of three major elements, including interactivity, three-dimensional 

visualization, and evaluation. These elements are considered essential elements for a web-based 

environment to achieve the objectives and to comply with Tinker AFB requirements as well. 

Interactivity is maintained throughout the learning process to make the system participative 

intensive so that the concentration of the user is focused on the subject. This element is mainly 

represented by a variety of simulations that are designed and implemented to enable students to 

learn through exploration and investigation along with the learning material. Three-dimensional 

visualization is integrated to develop and deliver content rich learning material efficiently. This 

element is used as the main component universally in the system, which means it is also the 

principal piece of work used to build the other two essential elements, including interactivity and 

evaluation. 
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Evaluation, which developed based on the other two essential elements, interactivity and three-

dimensional visualization, is represented through various high level interactive simulations. 

These high level interactive simulations are designed to evaluate the effectiveness of the user’s 

learning capability by allowing the user to perform the maintenance process as presented in the 

Assembly Process Tutorial section or animation section and to provide feedback to the user. 

Finally, considering the system in an implementation aspect, this entire system is developed 

inside Shockwave 3D and is implemented using only Lingo scripting language to control 

simulation, animation, three-dimensional model movements, navigation system, and other 

interactivities that appear during the operation of the system. 
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