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Abstract

Over the years, the process of assembly has been greatly advanced through the use of computer animation.  Using Pro/Engineer 2000, team 6 was able to properly demonstrate the ability of assembling and animating an injection-molding machine.  The purpose of this demonstration was to develop a cost effective and time reducing assembly process through the use of computer animation.  In the development of this assembly and animation, several stages were considered.  A parts list was first made to sort out the various components of the injection-molding machine.  Then these parts were drawn up in Pro/Engineer as three-dimensional models.  Next, the components were analyzed in order to determine their proper functions with respect to the system.  After a careful study of the components and their placement in the system, an assembly was made in Pro/Engineer that enabled team 6 to view the entire system in 3-D.

The animation process began after the system was well assembled.  The team decided that two animations be done in order to fully understand the injection-molding machine and its operation.  The first animation was done to illustrate the assembly process step by step.  This animation required that the system start out in an exploded state and little by little the components were assembled one by one.  The second animation illustrates the system in operation.  Several snapshots were taken so that the various stages of operation be shown as the machine injects plastic to a spoon die.  In order to document the progress of the project, team 6 developed a web page as well.

Introduction

The evolution of the product development process includes many important steps that have enabled it to become more efficient, cost less, and increase productivity.  The beginning of this process took place during the industrial revolution.  Throughout the industrial revolution, new machinery and manufacturing processes were being introduced into the market.  These machinery and the processes ultimately reduced the time, labor, and effort required for the production of various types of materials and components.  Even more importantly, this machinery helped introduce new and improved inventions that enabled society to advance its lifestyle throughout the course of time.  An even greater advancement for mankind involved the invention of computers and their use in every field of engineering.  

It was towards the end of the century that computers were beginning to revolutionize every aspect of engineering by permitting them to work more effectively and with higher precision.  With this in mind, computer aided design (CAD), computer aided manufacturing (CAM), and computer aided engineering (CAE) gained worldwide acceptance as a result of permitting teams to significantly reduce costs, work faster, and generate excellent results.  With the use of these tools, the teams are able to study and recreate assembly processes using Pro/Engineer 2000.

Approach

To begin the process of assembling a Cincinnati Milacron ACT Series injection-molding machine through Pro/Engineer, it was first necessary for team 6 to analyze the actual machine.  A complete understanding of the machine was reached by thoroughly measuring its components and familiarizing ourselves with its assembly and operation.  A parts list was created, where the part number, part name, material, quantity, and price were included (see figure 1).  Each component was then created in Pro/Engineer.  The entire system was then assembled to gain a better understanding of how the injection-molding machine is put together and used.  Animation was created in an order that would permit the assembly process to be followed. This way, the viewer is able to observe the assembly in three dimensions.  Furthermore, a movie was created showing the injection-molding machine in operation.

Part Number
Part Name
Material
Quantity
Price

1
Rear Platen
Steel
1
$800.00

2
Moving Platen
Steel
1
$800.00

3
Front Platen
Steel
1
$750.00

4
Toggle Link
Steel
4
$600.00

5
Corner Rod
Steel
4
$2000.00

6
Side Rod
Steel
2
$600.00

7
Binocular Connectors
Steel
2
$500.00

8
Triangular Connectors
Steel
4
$480.00

9
Translating Collar
Steel
1
$500.00

10
Die Cast
Steel
2
$200.00

11
Center Threaded Pin
Steel
1
$100.00

12
Big Short Pin
Steel
2
$20.00

13
Big Long Pin
Steel
4
$100.00

14
Small Pin
Steel
4
$100.00

15
Guard
Aluminum
1
$90.00

16
Die Bolts
Steel
4
$1.00

Figure 1: Parts List

Assembly Process

Steps:
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1. The moving plate is placed vertically on the floor.

2. The four corner rods are inserted into the moving plate.
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3. Align the front plate with the moving plate on the floor.

4. This first subassembly is inserted into the front plate.

5. The two side rods are inserted into the moving plate.
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6. The mid-threaded rod is inserted into the translating collar.

7. This second subassembly is then inserted into the two side rods, which have been connected to the moving plate.
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8. The rear plate is aligned with other two plates, and inserted onto the support rods.

9. Toggle Links connected to moving plate with Big Short Pins.



10.  Binocular connectors are attached to translating collar with Small pins.



11. Triangular connectors attached to Toggle Link, Rear Plate, and binocular connectors using appropriate size pin.

12.  Mold Plates are attached to moving plate and front plate


Animation

Once the parts were assembled and a precise assembly process was determined, we were able to begin the animation.  The first step in creating animation is exporting the Pro-E assembly to the animation module.  The next step is to take pictures of the model at various stages of assembly.  We began with a fully assembled model and took parts off in the reverse order with which they would be assembled.  Once all the pictures were taken we simply reversed the order in which the frames are animated to make it appear as if the model was being assembled.  

Movie Creation

Upon creation of all the frames in the assembly and viewing the preliminary animation through Pro-Animation, we could now create an actual movie.  This process is necessary so that the animation can be viewed independent from Pro-E from any media player.  The processes is quite trivial but extremely time consuming, all that is actually done is to convert the Pro-Animation file to a Mpeg file.  The program basically plays the animation at a very slow speed and records what ever is on the screen into a Mpeg file.  The results were quite inefficient, a 6 second animation would take up to 25 minutes to compile. Any errors that occur during the compilation requires the user to start from the beginning.  

Web Page Creation

Once we have finish the project and have presented it in class, The work will be put up in a web site, where the next ENME 414 team will be able to view it and hopefully try to achieve the same or better quality of work. The web page was created in work using hypertext links to insert all of the work that had been accomplished by Team 6. At the beginning, there's an introduction of the team and its members. Also, there's a brief introduction of the goals accomplished and lessons learned in doing the project. The web page contains not only all the work that had been accomplished but also pictures of the possibilities that Pro/E can accomplish. The usefulness of Pro/E is one of the important themes for this web page.

Summary

As a quick summary of the accomplishments from Team 6, we've tackled the problem of assembling an injection molding machine and animating it. To start off, we drew up all the parts of the machine with dimensions being rounded and that became a problem when the team had to assemble it. The problem was quickly resolved and assembly flowed very smoothly. Once the assembly was accomplished, an animation of the order and how to assembly the machine was next. There were many problems encountered in this stage, such as computers crashing, the programs weren't doing what it was suppose to, etc. These problems were also resolved and the animation was successful. To animate the assembly was not enough for team 6, so team 6 animated it's actuating motion as it injects melted plastic into the die cast. This was a very difficult task, but it was also successful, but there were no melted plastic shown. If team 6 were given more time, more could have been accomplished. The overall goal and lessons were accomplished and team 6 will carry this knowledge of the importance of communication through visual effects. 

Assembly Steps 1 & 2





Assembly Steps 3 - 5
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Assembly Steps 10





Final Assembly








