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The following answers are based on the opinions of Calum Torrie with input from, several members of the suspension team who contributed to the 2001 quad at MIT, Michael Perreur-Lloyd, Mike Plissi, Norna Robertson and Janeen Romie.

I will answer the second question first: -

Rich Mittleman reported in an email on the 11th of July that an attempt was made to align the two chains with respect to each other. 

In the design it should have been possible to move both chains within 5mm. However, Rich reported that there was interference between the two chains on the order of 2 inches.

Mike Perreur-Lloyd and I have subsequently inspected the assembly using the Interference Tool in SolidWorks and noticed that in order to meet the original separation of 5mm that the upper masses and the upper intermediate masses would need to be re-worked. As a result any attempt to properly align both chains would require the dis-assembly of both chains. 

I believe that the ~ 2 inch separation is adequate for Rich and his students.

In order to answer the first question I have considered the following: -

1) Status of drawings, to aid re-acquaintance and update spares.

2) Spares required.

3) Number of people involved in 2001 assembly.

4) Opinions of other members of the suspension team

5) Risks

Further I have considered and summarized below the aspects of the quad suspension that are no longer the same as those used on for example the mode cleaner controls prototype at Caltech. And what prototypes are available at Caltech. At the end I have made several recommendations.

5 Points expanded: -

1) I have requested the 2001 Quad drawings from MIT, a detailed summary of their status can be carried out once they arrive at Caltech. It is my recommendation that an inventory of parts and tooling would also be required prior to visiting MIT.

2) From comments in my laboratory book I believe that several spares would need to be machined in order to allow us to re-assemble one of the chains. These include all of the clamps for attaching wires to blades and to masses, a total of 16. New wire would have to be ordered, as would Ceramabond. The status of the coils and their fixtures is unknown.

Several spare magnet assemblies would also be required; magnets from Caltech could be used. It might be necessary to re-position the cantilever blade clamps.

A complete account of the spares required can only be done once I have had the chance to look at the status of the drawings and an inventory is done at MIT of parts.

3) During July of 2001 the following people were involved essentially full-time in the assembly of the quad: Dan Mason, Norna Robertson, Myron, Fred, Calum Torrie, and Janeen Romie. The following were involved part-time or occasionally: Virginio Sannibale, Mike Perreur-Lloyd, Ken Mason, Rich Mittleman and Phil Willems.

4) Mike Plissi suggested that it would take a team 2 weeks to dis-assemble and re-assembly a suspension chain. Norna Robertson reminded us that a lot of the time during the assembly in 2001 was spent re-working parts that did not interface successfully. 

5) It is the belief of the author that at present we have 2 chains suspended at MIT that are a useful test bed for both SURF and undergraduate students. It is not clear to me that at the end of a week that we could return it to its current useful state. This feeling comes from the fact that if we were faced with a problem similar to the alignment one indicated in the first paragraph we could end up with the re-assembly of the quad becoming a 2 month re-engineering project rather than as we had hoped an acquaintance exercise.

It should be noted that any work on the MIT quad would have to fit in with future plans and experiments that are currently being done. 

The following is a summary of the similarities and differences between the 2001 quadruple pendulum and the Mode Cleaner Controls Prototype. These are split into several sections: -
Suspension:

The stages of 2001 quad were put together from the top down. The Mode Cleaner Controls Prototype includes a modular concept that allows particular stages to be removed if there is a particular problem, without the removal of above stages.

Drawings:

A full set of up to date 3D drawings, parts, assemblies, parts list, Bill of Materials and an overall drawing tree exists for the Mode Cleaner Controls Prototype.

SolidWorks assemblies and 3D parts exist for the RM suspension and one possible ETM.

The 2001 quadruple pendulum drawings are incomplete and require updating.

Assembly:

A complete assembly of a Mode Cleaner Controls Prototype can be performed with existing tooling and spares at Caltech. 

As already mentioned an analysis of the inventory at MIT would be required to assess how easy an assembly would be on the 2001 quadruple pendulum.

OSEMS (Coils):

The 2001 local control coils and their adjusters are completely different from those that are used on the Mode Cleaner Controls Prototype or from those that will be used on future Controls Prototype. The design of the osem used in the Mode Cleaner Controls Prototype incorporates the material, design and one possible method of adjusting and aligning the head that could be incorporated into future designs.

Wire Jigs:

The wire jigs used on the Mode Cleaner Controls Prototype are very similar to those used on the 2001 MIT quad. Their concept can therefore be easily conveyed using the ones here at Caltech using pre-existing spares and reels of wire.

Structure: 

The 2001 quadruple pendulum structure is made of BOSCH section and is not relevant or suitable for advanced LIGO.

The Mode Cleaner Controls Prototype has a welded structure that incorporates the tablecloth, catchers and earthquake stops. All of these are relevant to quads and heavy triples. 

Cantilever Blades:

The deflection of the blades on the 2001 quad was done manually, this is no longer the method used. The Mode Cleaner Controls Prototype incorporates the ability to load blades into a sandwich arrangement that incorporates loads.

A similar alignment mechanism that was used in the 2001 quad, for yaw adjustment of blade angle, is available at Caltech.

Intermediate and test masses:

The assembly of, alignment and design of the intermediate and test masses are very similar on both 2001 Quad at MIT and the Mode Cleaner Controls Prototype at Caltech. An updated concept has been included in the Recycling Mirror design.

Upper Masses:

The components that have been incorporated and tested on the Mode Cleaner Controls Prototype are directly applicable to any ETM designs. There are also several configurations available, in SolidWorks, of a 22kg top mass.  

Hardware:

Several aspects have been tested and incorporated into the Mode Cleaner Controls Prototype from experience on LIGO I and GEO 600. These include oversized tapped holes, s/steel bolts for aluminum parts and silver plated s/steel bolts for s/steel parts. None of these are incorporated in the 2001 quad. 

Prototypes available at Caltech: -

· Fully damped suspension that includes relevant electronics, D-space etc … that will be used for the other controls prototypes.

· A Blade Damper, based on a design used in GEO 600.

· An eddy current damper array, used for local control.

· A prototype rotational adjuster, based on the ones used on the 2001 quad at MIT. (for inclusion it future revisions of the MC suspension and the RM suspension)

· A Recycling Mirror upper mass, that incorporates pitch and roll adjusters.

· A Large blade that can support 50 kg, similar to those that will be used in the ETM suspensions.

· Several prototype test masses, including an ETM.

· The Ergonomic Arm, which will be used to transport the large optics.

Alignment tests are also planned at Caltech in the fall of 2003, probably in early October.

Recommendations: -

From the 5 points made at the start of this report, it is my opinion that it would take: 1-2 weeks for me to re-acquaint myself with the quad suspension and prepare the drawings for machining; at least 2 days of someone’s time at MIT to inventory the suspension and spares; a further three weeks of machine shop time, of one man
; 3 or 4 members of a suspension team 1 week to re-assemble a suspension at MIT, if you include the re-machining of the upper masses and the rough cleaning of all of the parts. At least 2 of these members should have previous experience assembling the 2001 quad.

In light of the summaries outlined above it is the view of the author that since so much has changed in suspension design that it would be extremely beneficial if the new UK suspension team could spend a week at Caltech working with the Mode Cleaner Controls Prototype. Further, if it is possible this visit should be scheduled to overlap with the plan to test the LIGO I alignment techniques with a multiple pendulum.

A day visit to MIT is also recommended for the suspension team, after they have visited Caltech. This would be especially beneficial if Rich Mittleman was available to conduct the laboratory tour. If necessary I would also be willing to attend MIT for the quad tour. This visit would not only allow the UK members to see the MIT quad but also view the facility where the controls and noise prototypes are to be delivered. I believe that a visit to MIT after a visit to Caltech would help in the understanding of the way suspensions are now assembled.

Author: Calum I. Torrie 

Input: Caroline Cantley Norna Robertson, Mike Perreur-Lloyd, Janeen Romie & Mike Plissi.

� This is based on the following:  replacing all 16 of the clamps; re-machining or replacing parts on the upper masses, making spare magnet assemblies; making extra coils; plus time for any uncertainties.
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