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The goals of this visit were as follows:

• Mock build of Quad
• Follow/Test/Verify the 3&1 Assembly Procedure (T050034-00-D)

• Advancement of the detailed design of the Lower Structure (for the 
Controls Prototype)

• Implementation Ring Range (see T050033-00-D)
• Safety Stop Design (for the Controls Prototype) *CRUCIAL!*
• Testing of Teflon pad concept
• Interface with machinists to progress detailed drawings

These goals were successfully accomplished. 

Many thanks to all who worked with me during those two weeks.

The slides that follow form more of a visual history of work covered on the trip, than a
written report.



MOCK BUILD OF QUAD   (CIET, RAJ, NAR, JHR, HA, DC)

• Suspending a Triple pendulum from the Top Mass down 
• Acting through 3&1 Assembly procedures (T050034-00-D)

NOTE: Successful recycling of the 
MIT Quad structure to assist in the 

mock-upNOTE: Construction of a ‘gallows’ 
structure (incorporating a lab-jack to 

interface with/lift the UI mass) 
adjacent to the 3&1 Assembly setup

Lab-jack



Considering component parts and interfaces during final stages of assembly

…thinking about where amendments to current lower structure are 
required, in terms of adding material for bolted connections etc.

EXPLODED ASSEMBLY

Detailing of stiffening concepts!

1 & 2 Longitudinal bracing, 3 side straps, 4 Transverse bracing

1

2 3

4



Considering component parts and interfaces during final stages of assembly…(cont)



Detailed Design Activity: Considering how to get to a fully assembled lower structure

Possibility of combining 
these three (currently 

separate) parts – possibly 
machine from the same 
plate used to make the 
faceplates…less waste!

(Pictures printed out and used for note taking/sketching)

Top plate – weld or bolt?



ASSEMBLY 
DIRECTION

ASSEMBLY 
DIRECTION

TRAIN 
TRACKS!

TEST MASS 
MIRROR

MAIN

REACTION

Detailed Design Activity: Assembly directions

Possibility/Suggestion 

(CIET/RAJ lab discussions)

1. Assemble Main Chain (3&1)

2. Move Main Chain away 
(train tracks)

3. Assemble Reaction Chain 
(3&1)

4. Bring the Chains together & 
JOIN! (again using train 
tracks)

TBD: Look at company called ITEM -
providers of “MB Kit Building System” 
(Aluminium extrusions + accessories). 
The dynamic elements on sale may be a 
good solution to the Train Tracks idea)



Q for MPL: Is it feasible that red 
and blue could become one?

*NEED TO ASSESS IN FEA*

Detailed Design Activity: Attempts to streamline the design

NOTE:

Mike P-L created the initial form of the lower 
structure around the location of the Upper 
Intermediate mass (I.e. the predominantly 
purple region in this picture) so that the 
following was was the focus:

•Optimised access to critical regions of the 
UI mass within the Lower Structure

•Correct positioning of Safety Stops and 
fixing locations

Answer to question (from email reply – MPL to RAJ & CIET…25/02/05)

“Maybe?! An analysis would need to be done with a structure that only has one or other of these supports. (TBD!) Certainly, the 
supports continuing up from your mass perform no function other than attaching the lower to the U-I bit of the structure. Thinking 
about it now though - I think if we combined the 'red' and the 'blue' we would restrict access to the removable magnet mounts in 
the U-I Mass. Need to double check though! (TBD!)



Q for MPL: When the additional material was added under the Penultimate mass, was it done in two 
phases (w.r.t. the FEA results) or were all changes to wall thickness made simultaneously?

Answer: Simultaneously

Change to 
depth of 

machine cut

Change to side 
wall (from 2mm 

thick to 5mm 
thick)

Inner Faceplate – major 
component in lower 

structure

Detailed Design Activity: Example of working dialogue between CalTech (CIET & RAJ) and Glasgow (MPL)



Detailed Design Activity: Additional material to be added

These regions of the lower structure require 
additional material to ensure more robust 

connection of stiffening member

Not all of this material will be 
required so the above step 
should not add much extra mass.

(Nitronic 60 inserts must also to be incorporated*)



All 
I got this response from Peter F, the advanced LIGO systems engineer, 
regarding questions on safety stops. I guess we will discuss further. 
Calum 

---------------

Date: Wed, 2 Feb 2005 21:43:28 -0500 (EST) 
From: Peter Fritschel 

To: ctorrie

cc: pf@ligo.caltech.edu, billingsley_g@ligo.caltech.edu, 
Norna Robertson <nornar@stanford.edu>, 

k.strain@physics.gla.ac.uk, romie_j@ligo.caltech.edu, Dennis Coyne, 
Caroline Cantley , "greenhalgh, RJS (Justin)“, dhs@ligo.caltech.edu

Subject: Re: Safety stops on the ETM optic 

Calum, 

For the face stop question, I would guess that either of the two
possibilities below are OK. The fused silica TM diameter is bigger 
than the sapphire case, so we have bit more freedom to encroach on 
the perimeter. But I would ask -- why not position the stops adjacent to 
the bevels (as we do in initial LIGO)? 

For the second question -- I guess if you're obscuring some of the front 
face for stops, then the bumpers should be located at the same places, 
so 
as to not obscure more of the clear aperture. Doesn't seem like it's very 
critical though, if there are reasons to locate them elsewhere. 

Peter 

BACKGROUND INFORMATION: 
SAFETY STOPS – email titled “Safety stops on the ETM optic” from CIET to RAJ, TH, MPL 03/02/05

On Tue, 1 Feb 2005, ctorrie wrote: 

Dear Peter 

At the Suspension Monolithic Workshop last week in Glasgow a couple of 
questions came up about the use of safety (or earthquake) stops around the 
ETM optic. 
This discussion led us to the question of whether or not we could have 

these stops on the faces of the optic: -

A single 1/4 inch stop at the edge of the optic at the 12 and 6 o'clock 
positions? 

OR 

Making use of an area at the 12 and 6 o'clock positions equivalent to the 
area removed by the addition of the 9.5cm flats. 
The second question was whether or not there was ideal locations to 
position the "bumper" stops between the test and reaction test mass in the 
ETM? (Separation of 5mm) 

Thanks Calum 

THIS WAS A REPLY TO>>>>>>>>>>



FRONT VIEW SIDE VIEW

Detailed Design Activity: SAFETY STOPS – suggestion for C-Ptype (following brainstorming session (RAJ/CIET/JHR))

18 stops per chain

• 3 acting on face of each mass close 
to chamfer

• 6 acting on barrel – orientation 
shown in front view

•Also discussed (and rejected for the 
C-Ptype) was the following 
arrangement:

NOT TO SCALE!!

PEN. MASS

(Note use of 
flats)

NOTE: Arrows & 
spots represent 

location of safety 
stops

NOTE: Arrows & 
spots represent 

location of safety 
stops



Adjust? Adjust from side? – access from above may be restricted 

Detailed Design Activity: SAFETY STOPS – ABOVE THE MASSES

SECTION

Penultimate 
Mass 

(main chain)

Penultimate 
Mass 

(reaction chain)



Detailed Design Activity: Chain Separation

Central connection point: 1st

stage of chain to chain alignment

Mating of 2.5mm pads on respective Faceplates: sets 5mm separation



Positions of Catcher-to-Catcher connection 
locations/pads (in green)

• 5 x 2.5mm pads on each Catcher – to set the 5mm 
separation between respective chains

•¼-20 bolts to join Catchers

•Nitronic-60 inserts required…..but what are their 
MINIMUM DIMENSIONS (in terms of thread depth 
required)…TBC!

Detailed Design Activity: Chain Separation (cont.)



Detailed Design Activity: Visualizing the Build



Visualizing the Build…(cont.)


