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       JGI Cap removal project
DesignWorks                 Zach Radding  - July 19th 2002

Problem description:
As part of the sequencing process, cylindrical containers containing a viscous gel must be uncapped and placed into a tray.  Each person is responsible for uncapping between 100 and 400 containers daily. Currently this process is done by hand.  This process has been sited as the source of repetitive stress injury.  The scope of this report will be limited to an uncapping solution.  

Current Process description:

Containers come bulk packaged in a bag containing 96 tubes.

1. Tubes are removed from the package and loaded into a gray 6x8 tube tray.

2. Tube trays are placed into a centrifuge to force the gel to the bottom of the tube.

3. Tubes are uncapped and replace into the tube tray.

4. Caps are discarded 

5. The tubes are covered with an adhesive sheet to prevent drying.

6. Each tray of tubes is refrigerated until ready for use.

Container description:
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The container is made of a rigid high density plastic. Gripping surfaces on the cap and tube body will play an important roll in our mechanical solution. 

Design Criteria:

· Must reduce repetitive stress motion (not just transfer it) 

· Must not negatively impact the production flow

· Must be simple to operate

· Maintenance free

· Avoid complex mechanical or electronic designs

· Use off the shelf components where possible

Initial questions:

· Could we mechanically open the tubes?

· Should we open more than one tube at a time?

· What is the total tube throughput our design must handle?

· How does time per batch factor into the operation of the proposed device?

· What methods of removing the caps are acceptable?

Initial test:

Our initial test consisted of two metal plates held together to grip the caps and a clamp to hold two tubes against a sold piece of wood (this keeps them from rotating).  The plates were slid in opposite directions all the while providing inward force to hold the caps.

After doing our initial test we determined that it is possible to open multiple tubes mechanically using two moving friction plates. 
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Other designs were considered, but were ruled out due to complexity and speed issues.

Proposed mechanical solution:
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Mechanism operation:
	Step 1 – Tubes are loaded into the slot between the friction plates.
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	Step 2 – The lid is closed by hand.
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	Step 3 – Closing the lid activates the motor.  The motor causes the friction plates to squeeze together. They then slide linearly to unscrew the bottoms of the bottles from the caps.
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	Step 4 – The lid is opened taking the caps with it. The opening of the lid reverses the motor and resets the device (this releases the tubes). The uncapped tubes can now be removed.
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***Note - in the final design, all moving parts will have safety covers and electrical safety interlocks.

Advantages of this solution:

· Greatly reduces repetitive actions

· Easy to load and unload

· Uncapping the tubes in parallel should speed up the uncapping process

· It uses a single motor minimizing complexity

· Uses off the shelf parts to minimize cost 

Estimated Parts list:

· Berg TBSD-30 Linear table

· Berg linear crossed roller slide

· DC Gear motor 500-700 rpm (NEMA 17 or 23)

· Cam follower

· Four friction bars

· Cover

· Misc. Hardware

· Misc. electrical components

Time estimate:
· 50 hours ……………………. Solidify mechanical design

· 60 hours ……………………. Machine shop labor

· 80 hours ……………………. Construction / debugging

· 20 hours ……………………. Customer consultation and testing

Further design questions:
· How many tubes can this device handle in parallel?

· How do we remove the caps from the lid? 

· Are there any contamination issues?

· Design for the safety interlocks?

· Design for the sliding four-bar-linkage?

