Advanced LIGO UK
Project management meeting number 45

Telecon, May 2™, 2008

Mark Barton, Justin Greenhalgh, Stuart Aston, lan Wilmut, Nick Lockerbie, Ron Cutler,
Deepali Lodhia

1 Participants

Justin Greenhalgh (chair)
Stuart Aston (SMA)
Mark Barton (MB)
Amanda Brummitt (RAL)
Russell Jones (RJ)

Norna Robertson (NAR)
Ken Strain (KAYS)

2 Comments on minutes from last meeting
There were no comments on the minutes from the previous meeting.

3 Actions from previous meeting
These are noted under item 13 below.

4 UK/US interactions

4.1 SUS and design meeting telecon issues

4.1.1 Sus telecons:

In the bullets bel ow, bold face indicates discussion during the PMC meeting.

- Continuing discussion of hysteresis— problem managed during LSC week.

- Detailed discussion of preparations for monolithic stage

- Discussion on aignment of OSEM s and magnets with/without flags.
ACTION 45.01 RJSG to check feasibility of magnet alignment scheme for PUM.

- Structuresto LASTI (with cutouts)

- Goasfor LASTI — UK had prepared alist with aspirations.

- Reportson progress at LASTI — SUS now in the tank.
Therewasadiscussion of thetilt problem that Brett saw. IW had suggested that it
could be caused not by hysteresis but by the (known) imprecise location of thewires
clampson thetips of the top mass blades.
ACTION 45.02 RJSG to discuss further with IW the precision requirementsfor this
clamp, and explorethe possibility of balancing the glass part-chain (TM, PU, UIM)
before 3-and-1 assembly.

- Vacuum materials — issues with phosphor-bronze; don’t use 303 stainless

“d” distances — decided to increase d2 by 9mm.



- Wedge angles. There had been a proposal to put 1.28 degree wedge angles on the
ETM and ITM optics

4.1.2 Additional items from design telecons:
- Nothing to report.

4.2 RODAs

For RODAS, see:
http://www.ligo.caltech.edu/~coyne/AL/project management/RODA/RODA status.htm

Summary of RODAs affecting UK work

MO060300 | No reaction chainin FM and BS, and In review 24 Oct to add larger
choice of OSEMs magnets.
M080022 | ETM reaction mass has same mass as Signed.
TCP
Noneyet | Handedness of FM/ITM structure DCC working on it — results so far
encouraging
Noneyet | SPI interface Details still not clear, in discussion
M080057 | No combined FM/ITM structure Signed.

ACTION 54.03 RJSG to email NAR, Peter Fritschel and Dennis Coyne to ask where
RODA M060300 has got to.

4.3 Other news
None thistime.

4.4 Reviews

The FRR for the BOSEM s had been held on Feb 29" and clearance given for manufacture,
subject to requests to change material in two areas.

The FRR for the structures had been held on 14™ March and approval had been given to
proceed with manufacture.

The ERR for the remaining ETM/ITM items has started on 30" April and agreed to resume
on 7" May.

The feedback from the US on the el ectronics was nearly complete and work was in hand
towards a pre-production prototype set.

4.5 Visits and trips etc.

451 Past

RJSG to LSC via LASTI; visit LASTI on Monday 17" March.

MB didn®go to LASTI for two weeks after LSC as originally planned but was at Caltech
for another three (four total including LSC).

AHwasaso at LSC.

RAJwas at LASTI first week of March.

AH visited Glasgow 15-23 April.




SMA, DL and AV attended LSC meeting @ Caltech (17th - 20th March)

45.2

Future

RJSG to Glasgow 6™ May.
AC and MB to LASTI 6-9 May for profiler installation.
RMC and RAJ on hand for tripsto LASTI asrequired

NAR to the UK 10-23 May, including RAL and Birmingham.

(noted after meeting) AB and JO to Hanford and Caltech 31% May to 6™ Jun

5 PAG/OsC issues

The OsC had met on 18™ April and given very positive feedback. The next OsC was
scheduled for October 29

6 Finance
Finance reports would be taken at the next meeting.

7 Changes
Extract from change report:

Date Change I mpact on cost Impact on time
January | It has been suggested that modifications to | Should reduce the design Should cut about a
08 the optical layout may allow us to separate | work required by at leasta | moth off the delay to
the FM and ITM structures. This would | month. the contracts for the
mean that a combined FM/ITM structure BS/FM parts
would not be required, saving on design
time.

January | LIGO haveintroduced arequirement for all | Sometimeto train staff in minimal

08 safety-related risk assessments to be | the LIGO format and
presented in their format. perform the trand ations

March | a request has been made to put horizontal | Therewill betimerequired | Minimal —we will

08 wedges on the ETM and ITM optics of | to think through the not delay the main
1.28 dgrees. This could make the assembly | implications, to redesign procurement for this
process harder and need modifications to | parts, and time and money
some small parts to procure them

Jan08 | there have been severe difficulties | Staff timetofind asolution | Not yet clear — but
obtaining suitable material for the blades. we are trying to

avoid any

Future:

Likely | “d” distance

Likely | SPI




8 Web sites etc
http://www.eng-external.rl.ac.uk/advligo/papers public/ALUK Homepage.htm.

Most recent updates:
RAL Jan 2008
Needs complete list of RAL-initiated DCC papers
Updated to include review documentation.
Needs link to new Birmingham web site.
ALUK Jun 2007.
Glasgow: no change.
The Birmingham Wiki is up and running, and is being updated consistently. The pages
can be found at: http://www.sr.bham.ac.uk/dokuwiki/doku.php?id=bal

9 UK project plans
Updated plans had been produced for the OsC report.

10 Activity/plans and document summaries
10.1 Glasgow

10.2 Work package 2 — optic ears and scientific input

10.2.1 Activities in the previous period

As aresult of analytical and practical work by a number of people, it was decided to change
the baseline monolithic design to dumbbell fibres (TO80091, G080254). FEA work on
profiles of realistic ribbon necks by Alan Cumming and Rahul Kumar showed that the very
flat and relatively long ribbon necks would seriously degrade the dissipation dilution of the
uniform section of the ribbon which had been the motivation for ribbonsin the first place.
Also, Alastair Heptonstall pointed out that the ribbons had not been optimized for

thermoel astic damping and that when this was done fibres were very competitive due to the
lower surface loss. Because fibres are so much easier to produce, it is anticipated that even
at thislate stage relative to the noise prototype glass build scheduled for June there will be
less technical risk than persevering with ribbons.

Alastair did anumber of fibre pulling and welding tests at MIT and showed that pulling
fibres was substantially easier and welding fibres to the existing ears (designed for ribbons)
was no more difficult than ribbons. Giles Hammond converted the Glasgow pulling
machine back to fibre mode and easily pulled a number of test fibres. Alastair visited
Glasgow in April to liaise on fibre pulling with Giles, and tooling design with Russell Jones
and Mariélle Van Veggel. Concepts for welding tooling were finalized. Most of the parts
have either been fabricated or mocked-up with rapid-prototyping for review.

The parts for the proof and bounce testers were shipped to LASTI and assembled by
Russell in March. The parts for the profiler have been shipped and will be assembled by
Alan Cumming and Mark Barton in early May.

The optical linear encoder which had been bought to improve distance resolution on the
pulling machine proved too fiddly. Giles Hammond devised an improved interface which



squeezed out an extrafactor of 4 in resolution from the earlier magnetic encoder. A better
magnetic encoder has been ordered, for afurther factor of 4.

Liam Cunningham and Alan Cumming worked on calibrating the bounce tester and have
been able to show that the bias from recoil is negligible.

Russell has worked on cloning the Glasgow stress tester and on tooling to allow ribbons
and fibres on weld test horns to be tested. The replacement is nearly finished and when it is
completed, the original (which has been more thoroughly shaken down) will be sent to
LASTI.

Russell has incorporated many requested changes into the drawings for the production run
of glass masses and these have been circulated for review.

Overal, progress has been slower than anticipated but still steady, and has not become
critical path dueto similar dlipsin the broader LASTI program. Changing the baseline to
fibres should have reduced the technical risk, but there is still some R&D to do.

MB had sent a note on the required spacers for monolithic assembly. The ones for 6.5mm
were the most urgent.

Kirill Tokmakov successfully milled flats on the sides of 3 mm fused silicarod in
preparation for an experiment to see if such rods are easier to weld.

Mark Barton spent three additional weeks at Caltech after the LSC meeting, working with
Norna Robertson on the baseline change document and modelling issues.

10.2.2 Plans for the coming month:

Finalize welding tooling design, fabricate tooling, test with weld test hornsin
structure.

Ship stress tester to LASTI.

Install profiler.

Convert pulling machine for fibres, pull dumbbell fibres, characterize fibres and
perfect recipe.

Continue laser welding experiments and test results for strength.

Install improved magnetic linear encoder and adjust LabView program.

M Barton will be taking up a position with LIGO labs with effect from the end of June
2008. All present noted their thanks for his hard work managing the monolithic programme
through a crucial stage in its development. Starting 7 July, he will initially be based at
Caltech and will continue to work on the monolithic stage.

10.2.3 New documents:

T080091-00, Proposal for baseline change from ribbons to fibres in AdvLI1GO test mass
suspension monolithic stage, M. Barton

G080254-00, Proposal for baseline change from ribbons to fibres in monolithic stage
(dlides), M. Barton

T080096-00, Wire attachment points and flexure corrections, M. Barton

T080098-00, UK Glass Masses FDR Overview Document, K, Strain, R. Jones
E080171-00, DCN for ERM drawings, R. Jones



E080172-00, DCN for PM drawings, R. Jones
T080041-00, ALIGO NP-type: - Report on Prism Bonding at LASTI on 11th  17th
February 2008, M. Van Veggel et .

10.3 RAL

10.3.1 Activities in the previous period
The BS partsare all at RAL, we are waiting for the wire jig so we can assemble the
suspension. Sub-assemblies ook good.
Lots of detailed chasing associated with the tenders and the review
Manufacturers selected for the structures and the machining, and meetings held.
Contract placed for the structures, amendment to add the RGA testing isin hand.
Review for structures held and went well (see above)
Review for remaining items started. We have agreed to get drawings to our supplier by
mid-May.
Agreement during LSC week that the understanding we have of the hysteresis problem
is sufficient to allow us to proceed.
RODA for separate ITM/FM structuresis signed.
Procurement of the blades has hit a succession of problems.
Attempts have been made to do transfer functions for the SUS/1SI assembly by FEA
following suggestions from Dennis Coyne but have not so far borne fruit.
We are attempting to establish what is needed at LASTI in order to ensure there are no
vital bits missing or lost.

10.3.2 Plans for the coming month

Get amendment to weldment contract out.

Get contract for machining out.

“unstick” Blade tender.

Finalize the BS structure design.

Full FEA on final BS structure (may follow alittle later)
Address concerns raised by final quad FRR.

Complete drawing checks/mods.

10.3.3 New and modified documents
Documents associated with the PAG, OSC and FRR.

10.3.4 Progress against schedule
Schedule was updated for OsC, and remains current.

10.4 Birmingham

10.4.1 Activities over the previous period

Mechanical
- Prepared BOSEM FRR/FDR review materia (drawings and documentation)

Attended BOSEM FRR telecon (design team & review panel)

Addressed review panel comments and questions

Updated relevant drawings and documents following review process

Approved and submitted drawings under DCN control



Updated Birmingham Wiki to host all review material and updated drawings/
documents
Reworked remaining "Noise Prototype OSEM" spare parts to the final design
"BOSEM" specification
Cleaned and baked spare parts prior to assembly
- Continue clean assembly of remaining spare units
Electronics
Evaluation Reports on the three Drive Units have been received from the US.
Comments on the Monitor Board are also included in the Evaluation reports.
Still awaiting the evaluation report on the Satellite Box
The system we delivered has been installed and tested at aunit level at LASTI -
awaiting comments from the USA on the operation of the complete sysem
A large number of minor issues and afew major points were raised in the
Evaluation Reports
Solutions to the major issues have been proposed and are being discussed
Preparation of detailed documentation for the Birmingham Wiki isin progress

10.4.2 Plans for the coming month
Mechanical
- Continue assembly and testing of remaining BOSEM spares
Validate IRLED screening results against those observed in the unit testing
Deliver remaining spare unitsto US for RGA scans
Place orders with contractors for the full production quantity of BOSEMs
Identify any long-lead items
Inspect bespoke micro-D connectors manufactured in US (R Abbot)
Continue to investigate alternative materials (Macor/Alumina & Phosphor
Bronze/?)
Electronics
Finalise the responses to the Evaluation Reports
Finalise the solutions to the technical issues arising from the Evaluation Reports
Resolve all the minor issues arising from the Evaluation Reports
Analyse and incorporate any changes necessary from the feedback received
from running the complete stystem at LASTI
Repeat bench-testing of the monitor board to reach agreement on its
performance with the US
Continue with re-designing the drive boards, and incorporate changes arising
from the testing and eval uation of the Noise Prototype in the UK and the US
Begin the manufacturing process on those boards for which the design has been
complete and agreed
Begin the design of the Triple once the specification has been finalised

10.4.3 New Documents

The DCN number E060262-02-K has been rel eased together with the associated 16
drawings of the production BOSEM.

10.4.4 Progress against schedule

Generation of arevised schedule (incorporating updated electronics delivery dates) is till
in hand. Mechanical work is on track.



10.5 Strathclyde

The Violin-Mode Amplifier has been tested with a new optical configuration, and the
results are shown in Fig 1:
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Fig 1: Shadow profileresults
Here, Kirill and | used a column of 16 x miniature OP224 infrared LEDs to illuminate the
target Silicaribbon, each LED carrying a current of 25 mA. Two new current sources have
been built to accomplish this, each source (using a compensated very low-noise
configuration) driving a current through eight of the LEDs. Fig 2 is a photo of the double-
sided PCB that carries both current sources:



Fig 2: Dual corrected transistor current sources

Asthe Violin-Mode Amplifier isworking at the shot-noise limit, from the results above we
now anticipate a Violin-Mode sensitivity of approximately 2.7e-11 m / rt-Hz within the
passband of the amplifier (approximately 250 Hz -- 12 kHz), using a single photodiode
detector. However, as we intend using a differential pair of detectors, we should expect a
factor of (2 better sensitivity, still. Fig 3 shows the circuit diagram of the Violin-Mode
Amplifier, together with its (dual) surface-mount realisation that we have had built in Fig 4.
One PCB carries 4 x VM Amp front-end transconductance amplifiers, whilst the other
carries two differential input and six differential output amplifiers. In this photo each PCB
measures 60 mm x 60 mm. The full circuit (both PCBs) will be interfaced to two pairs of
photodiode detectors, and should be able to sense VM oscillations in a pair of suspension
ribbons or fibres.

| must also report the fact that as of 11 April, 2008, my research lab has been closed (as
part of a refurbishment exercise), and | cannot say when | shall be re-housed. My head of
department has given me his assurance that suitable new lab space will be found, but at the
time of writing none has. Naturally, this will have an impact on progress with the Violin
Mode sensing work.
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Fig 3: Violin Mode Amplifier schematic
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Fig 4: Violin Mode Amplifier dual surface-mount

11 Visits etc and absences planned for the coming months

May Jun July later
Generd
KAS Away 1%
week
RJSG Leave 16-18 | Leave w/b 4 Aug; 25
Aug; 22 Sep; 29 Sep.
MB Startsat CIT
7 duly
SMA Away 12-
16™
RMC
RAJ 1 week in Aug; 1 week in
Sept
AB Very limited availability
AB+JO Hanford and Caltech 31
may to 6 June
12 AOB

Jay Heefner had been drafting the specs for the electronics for the triple suspensions.

13 Summary of actions

13.1

Complete or superseded by events:
ACTION 43.01 IW to check ring heat fitting via photo from Brett. Done.

11




ACTION 43.02 IW to notify NAR/MB of the likely impact on moment of inertia of afix to
the counterweight obscuration problem. They will respond with a yes/no in terms of
suspension behaviour. This had not been fully resolved — RISG needed to discuss with IW
who would follow this through. Done. AB was making changes to the drawings.

ACTION 44.01 RJSG to contact Dennis Coyne re approval of structures. Done.

ACTION 44.02 IW to forward alist of items thought to be at LASTI to Brett. Not done,
but work was in hand to establish if there were any required items missing.

13.2 Outstanding

13.3 New

ACTION 45.01 RJSG to check feasibility of magnet alignment scheme for PUM.
ACTION 45.02 RJSG to discuss further with IW the precision requirementsfor this
clamp, and explorethe possibility of balancing the glass part-chain (TM, PU, UIM)
before 3-and-1 assembly.

ACTION 54.03 RJSG to email NAR, Peter Fritschel and Dennis Coyne to ask where
RODA M060300 has got to.

14 Next meetings
Next ALUK weekly Friday 9th May 2008 at 2pm

Next PMC Friday 6™ June 2008 at 2pm.

Justin Greenhalgh with reports from the other authors.
2 May 2008

15 Summary for LIGO newsletter

ALUK helditslatest Project Management Committee on 2 May 2008 (See LIGO-
MO080061-00-K). A brief activity summary follows:

RAL: All parts for the BS prototype have arrived; waiting on wire jig to allow
assembly. OJEU process status remains as follows:
0 Machined items. Supplier selected. FRR in progress.
o0 Weldments. Contract placed. FRR complete.
o0 Blade springs. Tender process restarted (irksome problems with material
supply and choice of company)

The hysteresis problem with the wires seems to be understood at least to alevel that
allows aignment of the suspensions.

Glasgow: Decision made to switch from ribbons to fibres. Fibre pulling successful at
Glasgow and LASTI. Improvements to pulling machine encoder in hand. Still aiming
for monolithic assembly at LASTI in mid-June.

Birmingham/Strathclyde: OSEM manufacturing started. Feedback on the electronics
nearly complete; info supplied so far has been acted on. The sensor part of the violin-
mode sensor has been prototyped and tested; the electronicsis being refined.

12



Overall: continued steady progress towards monolithic suspension at LASTI; target
mid-June. Working on getting contracts placed for ETM/ITM production; first contracts
now placed. Starting to make production OSEMss and pre-production electronics.

We note that the SPI interface is still undefined, and that it may require rework of parts
to accommodate it. The definition of the requirements for the electronics for the
remaining suspensions will be needed soon; delays will further reduce the aready small
testing window.
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