Specification of Vacuum Lifting Fixture for NOvA Extrusions
February 10, 2007

1. Introduction

A vacuum fixture is needed to transport large PVC extrusions that are 51'8" long.  Two different widths of extrusions must be moved.  An additional requirement is that the extrusions must be moved not only in the horizontal orientation where they are supported by vacuum cups, the fixture must also be rotated 180 degrees so that after rotation the extrusions are resting on the vacuum cups.  The vacuum lifting fixture will be used to move extrusions into a glue machine, rotate, and then support the extrusion while the underside has adhesive applied.  Figure 1 below show this process and the required orientations that the fixture will have to support the extrusion.  A prototype fixture has already been constructed and will be described below.  Whereas any design that meets the requirements will be acceptable, the prototype design can be used as a starting point.
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Figure 1 --  Lifting fixture supporting PVC extrusion shown in relation to the gluing machine.

2. Description of Extrusions

Two widths of extrusions joined along the long edge, each 51'8" long, must be supported by the lifting fixture.  Figure 2 shows details of the profile of the extrusion.  Figure 3 and 4 show the widths of the two extrusions that must be supported.  The narrower extrusion weighs approximately 450 lbs and the wider extrusion weighs approximately 900 lbs.  
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Figure 2 – Detail of Extrusion Profile (dimensions in mm). Flat area for suction cups is nominally 19mm (0.75 in). 
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Figure 3 – Detail of Narrow Extrusion (dimensions in mm)
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Figure 4 -- 32 Cell Extrusion
3. Description of Prototype Fixture

An existing lifting fixture for steel plates that were 24ft long was modified to construct a proof of principle prototype for the narrow extrusions.  The existing 6”x18” rectangular tube that was 24ft long was replaced with a similar sized tube that was 48ft long.  A 48ft long tube was used because this was the longest tube that could be purchased without a special order.  The standard circular vacuum suction cups were replaced with rectangular cups, Anver model #OC12-128.  This rectangular cup was chosen because its profile fits and can provide suction on a single flat surface that is available on the extrusion for forming a vacuum.  Figures 5 to 6 show pictures of the prototype.  It is important that the rectangular vacuum cups are each aligned with the flats on the extrusion.  This was achieved in the prototype by having the rectangular cups located and supported on threaded rods so that it was easy to locate them initially.  In Figure 5 an aluminum plate can be clearly seen that was used for referencing the rectangular cups with the edge of the extrusion.  The fixture was lowered until it was slightly above the extrusion without making contact, it was then moved laterally so that the aluminum alignment plates made contact with the edge of the extrusion, and then the fixture was completely lowered.  
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Figure 5 – Prototype Lifting Fixture
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Figure 6 – Rectangular Lifting Cups of Prototype Fixture
4. Conceptual Design
Based on the prototype a conceptual design was developed.  Figure 7 below shows details of this conceptual design.  
[image: image7.wmf]Lifting Fixture

Suction cups and fixture 

have been tested by 

lifting a 50’ extrusion

Pivot shaft provides 

support and rotation axis in 

glue machine.  Located 

near center of gravity of 

fixture/extrusion

Narrow suction 

cups attach to 

the top flat 

surface of cells

Side guides align 

suction cups relative 

to cell tops and 

provide side restraint 

during rotation if 

needed.

Lifting point and vacuum 

generator.  Retains suction 

sufficiently long at loss of 

power.


Figure 7 -- Conceptual Design of Fixture
5. Fixture Requirements
The vacuum lifting fixture must meet the following requirements.

5.1. The main beam of the fixture should be 53 feet in length.  

5.2. Provide 6 support arms along the 53ft length.  The arm location should be adjustable along this length.
5.3. The narrower extrusion weighs approximately 450 lbs and the wider extrusion weighs approximately 900 lbs.  
5.4. Provide 4 suction cups per support arm.

5.5. Allow the position of the suction cups along the length of the support arm to vary.  The cups must be able to accommodate both the narrow and wide extrusions.

5.6. A method for aligning the suction cups on the flats of the extrusions must be provided.

5.7. As shown in figure 1, the fixture is to be rotated 180 degrees while supporting the extrusion.  The fixture should either have suction cups that allow such shear loading with sufficient safety factor or should provide shear restraint in some other manner such as through the side guide.

5.8.  The vacuum source should be designed in a fail safe manner such that the extrusions will be supported in the event of power or other failure in the vacuum source for a sufficient time to allow safe lowering of the extrusion to the ground.  This time should be stated in the proposal.  

5.9. All reasonable and understood failure modes that would potentially result in the undesired release of the extrusion should be identified.

5.10. The proposal should identify the mass of the lifting fixture and describe the location of the CG.  It is our desire to have the CG of the combined fixture/module system located near the main beam axis.

5.11. In addition to a centrally located pick point, two addition pick points should be located symmetrically about the center to allow picking with a sling.  The hooks should be placed to accommodate picking with slings oriented at 30 degrees from horizontal.
5.12. It should be noted as shown in figure 1, the lifting fixture will be set into a gluing machine table and supported at the ends.  The fixture should allow such end supporting.  This connection point is foreseen to be a 2 inch shaft either welded or bolted to the end of the 53 foot beam.  This connection detail will be worked out with the successful bidder based on the lifting fixture design submitted. 
5.13. Power requirements should be specified.  120VAC supply is preferred choice.

_1232606486.ppt




1. Lowering

2. Set on glue machine

3. Rotate fixture180º

4. Run glue dispenser over module
























