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TEE 229:  SEQ CHAPTER \h \r 1Thermoforming Lab

Warning:  In this lab we will be using liquid resins and chemicals.  These chemicals can be dangerous to your health.  When handling the chemicals, wear chemical safety gloves.  Do not directly inhale chemicals.  Please follow all safety instructions.

Introduction:

Thermoforming is a plastic process that forms finished parts without melting the resin.  It also form parts that have a cavity area.  Thermoforming is used to form open cavities. Thermoforming can also be used to form hollow parts by joining two halves in a secondary operation.   The purpose of this lab is to observe the thermoforming process and the inherent advantages and disadvantages of these processes for making parts.

Part I:  Thermoforming Mold
For this part of the project you will be responsible for creating a mold that will be used to thermoform a “product.” 

Step 1: This problem is intended to make you think about possible and probable manufacturing methods for various parts.  Look around your home, and or take a walk along a city street- preferably one with both houses and businesses. 

Find and list 5 things that are most likely to be produced using thermoforming. Give a brief (one sentence or maybe two) explanation of why each part would or could be made by thermoforming.  

Step 2: Sketch up an idea of what you want to thermoform. The sketch(es) can be hand-drawn, but should clearly represent what will need be drawn (therefore you will want to show various perspectives). The product can be an innovation or something that you need, (to receive the “above average grade”). Show the designs to the professor or TA to receive a signature of approval to proceed. Hand in a copy of the sketch for grading. If you are unsure of what to make, you can select to do the “PRE-APPROVED” thermoforming project – making a simple sign (we have 20 to choose from). Remember the “pre-approved” projects are “B” projects – meaning the highest grade you can receive if you select to do one of them is a B (based on completeness, execution, and cleanliness of project, and accuracy of lab write-up). 

Step 3:  Use wood, metal, or another material to create a “mold” that will be used to thermoform the product you have researched/design to make. Use routers, saws, jointer, planner, drills, etc. to make your mold. 

Mold Production: Making thermoforming molds is only as complicated as you want it to be.  For prototypes or short runs, wooden molds are often used.  For long runs, metal molds are preferred.  Critical considerations include surface preparation, material choice, hole placement, and draw ratio. Materials used for thermoforming molds must withstand the temperature of the material as it leaves the oven.  This is generally around 350 (F.  Construction methods include machining, casting, or hand sanding and assembly of the mold sections.  
Vacuum holes should be placed where they will be most effective, yet hidden.  Along joint lines is a common placement style.  They do not need to cover the surface- a few holes can perform a lot of work.  Typically vacuum holes are no more than 3/32” in diameter. Talk with the professor or TA while planning and working on your mold.
Step 3 Pre-Approved Project:  select one of the pre-made molds, ask the TA to accompany you to the thermoformer and create your thermoform project. 

Step 4:  Thermoform your product. Proceed to Part II, page 2.

Part II:  Thermoforming
While the thermoforming oven is heating and the vacuum chamber pressure is lowering, the lab TA will explain the various parts of a thermoforming machine.  Ensure that you can identify the following: 

Vacuum chamber

Vacuum pump

Oven

Mold

Material clamping ring

Sheet transport mechanism

A part will be thermoformed.  Record the material type and thickness of the plastic sheet that is thermoformed.  Also, make observations of how well the sheet thermoforms and possible reasons for this.  If changes are made to the process parameters (heating time, material thickness, material type), record the change made and any effects on the finished part. 

Material:                               

                                                                   




                                                             Thickness:                            


                                                                   
Observations: ________________________________________________________________________________________________________________________________________________________________________________________________________________________                                                                  
Input Change:                               
Observations: ______________________________
                                                                                                                                                                                                            

Input Change:                               
Observations: ______________________________
                                                                                                                                                                                                            

1. Cut a thermoformed part into sections.  Measure the thickness of various locations on the part.  What areas of the part have the thinnest walls?  
2. Now remove the scrap from a part.  What % of the total plastic used is scrap for this part?  Do you think this is typical for a thermoformed part?  What might be ways to reduce this problem? Explain.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
3. Thermoforming uses preprocessed plastic (extruded sheet) as the raw material.  What does this say about your material cost and scrap?                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
4. Inspect your parts.  What defects (if any) do you see?  How could they be eliminated?  Are there any visible signs of the vacuum holes on the part?  What can be done to reduce marks left by the holes, yet assure that a vacuum is quickly applied to the part?       
5. Take a photo of your final product, submit photo via email to the TA, and submit final product to the TA. 
6. Write a rapid lesson plan – outlining an idea for teaching and realistic project/activity a jr. high or high school technology and engineering classroom could do to learn and experience thermoforming (needs to be distinctly different than what you did/we do in TEE 229). The lesson plan should include 5 parts: anticipatory set, what will be taught, activity, material, and evaluation (how the students will be graded). 
