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Quad Interface Issues 
Dennis Coyne (ed.), SUS group 

December 2, 2004 
 
Below we outline a few interface issues that have arisen and propose, for discussion, 
resolutions and/or actions to resolve.  
 

1. Management/Systems: Quad Design Flexibility for Sapphire or 
Fused Silica Optics 

Management asked for the impact to design in the flexibility for the quad suspension to 
support fused silica optics in the future (if sapphire is chosen now, or vice versa), as an 
'upgrade' path. The intent is that we minimize the impact (schedule and cost) to switch to 
the alternate COC substrate after the instrument has been observing for some period of 
time. (This upgrade could consider the structure as an expendable/replaceable element if 
needed.) SUS provided the impact (a lot of design time now, essentially all non-recurring 
cost; see T040016-09. The DCC has an earlier version.). 
 
Questions to be resolved: 
Is this design flexibility required or not? 
If so, then confirm that this is to be implemented in the noise prototype, but not the 
controls prototype? 
 
D. Coyne's response (need input from David Shoemaker, et. al.): 
Yes, we want to impose the requirement to design in the flexibility, 
Management does not understand the significant design time (7 person-months) estimated 
to allow for this flexibility. 
Confirmed that this is not a requirement imposed on the controls prototype. This would 
be implemented for the noise prototype only. 
 
Follow-up actions and/or decision? 

2. SEI/Systems: Revised payload dynamics requirements 
SUS started with a 150 Hz minimum frequency requirement. To meet this requirement 
SUS had to exceed its allocated mass budget and it's envelope. SUS then took the same 
requirement that SEI imposed on the dynamics for it's stage 2 (optics table) structure 
(found in section C.8 of E030179-A). SUS found it impossible to meet. ASI (SEI's 
mechanical design contractor) also failed to meet these requirements. (The requirement in 
E030179-A is basically no phase lag greater than 90 degrees below 150 Hz for non-
colocated sensing & actuation points on stage 2.) 
 
The current SUS working baseline assumption/goal with regard to resonances for quad 
structure sections is as follows: 
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A) The first resonance limits, with all mass, including non-structural mass, and assuming 
a perfectly support (i.e. rigid optics table), not coupled dynamics: 

• > 200 Hz first resonance for the upper structure 
• > 100 Hz lower structure 
• > 100 Hz combined upper and lower structure 

Ideally the above would be achieved with realistic attachment compliance included. No 
specific requirements or provisions are made for damping in these modes (so just 
intrinsic structural damping in these metallic structures, or Q ~ 100). The above is to be 
confirmed initially by finite element analysis with a 15% safety margin. Later 
confirmation is via modal testing on a prototype. 
 
B) It is hoped that the above conditions will result in a phase lag, between non-collocated 
stage 2 sensors and actuators, due to quad structure modes that will not exceed 90 degrees 
below 100 Hz and not exceed 180 degrees below 150 Hz. This will be checked by 
coupled finite element dynamics analysis of the quad structure and the stage 2 SEI 
structure (ASI design version). 
 
C) SUS has incorporated a design requirement to allow for de-coupling the lower 
structure from the upper structure. This will enable the lower structure to be mounted 
from either from the upper structure or the "ground" (vacuum chamber structure) or the 
support tubes (isolated by the HEPI SEI subsystem). 
 
Follow-up actions: 

1) SEI to confirm that the above re-stated payload dynamic requirements are 
acceptable. 

2) Systems to explore the practicality of mounting arrangements for the lower 
structure supported from the support tubes. 

3) Systems to confirm that the coupled dynamics of a quad suspension meeting 
requirements in (A) above will also meet the requirements in (B) above. 

 

3. AOS: No permanent mounting of baffles or dumps unless little 
to no affect on resonances. Minimize glints. 

 
The maximum mass of any AOS component (other than the compensation plate 
assembly, which includes a ring heater and shielding, etc.) is approximately 1 kg if 
placed near the elevation of the test mass or penultimate mass. If the intended AOS 
hardware exceeds this mass, then an alternate means for attachment (e.g. from the support 
tubes) must be pursued in conjunction with the Systems group.  
 
The SUS structures should minimize glints by ensuring that very little surface area of the 
structure, or components mounted to the structure, in the vicinty of the test mass can 
retro-reflect light from the main laser beam. AOS is to set appropriate limits. 
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AOS takes an action to define a vacuum compatible surface treatment, or low mass 
applique, for aluminum and stainless steel to minimize scattered light. It is intended that 
SUS use this surface treatment for the suspension structures. 
 

4. ISC: Global control requirements for quad? What assumptions 
we've made for the controls prototype. 

For ISC group information and concurrence: 
It is understood that SUS is working to Peter Fritschel's global control force requirements 
stated in G010086-00. This has been used to define the magnet and coil parameters. ISC 
has an action to refine or re-examine these global control forces and the proposed global 
control topology. This study requires e2e modeling. The anticipated date for an update is 
about mid-2007. In the interim, SUS will continue to work to requirements defined in 
G010086-00. It is understood that this is too late to effect any of the planned SUS 
prototypes. If significant changes occur in these requirements, there may not be adequate 
time to re-optimize the design. 

5. Management/Systems/LASTI: Controls prototype will be 
sapphire geometry unless directed otherwise. 

 
Even if the COC substrate downselection is for fused silica, we intend to proceed with a 
sapphire-sized controls prototype. The noise prototype will then be the first instance of a 
quad prototype in a fused silica configuration. No other prototypes are envisioned. 
Confirm that this is acceptable.  

6. SUS/US – SUS/UK: Choice of Wire / wire clamps with respect to 
noise / creep issues for drum end wires. 

In principle maraging steel wires with "drum-ended" attachments are lower noise design 
options than wires of other materials and clamped (shear/friction-force) connections. 
Since we will not be able to confirm that the design is low enough in creep noise until the 
AL interferometer is operational, we should pursue the better design option if there are no 
fundamental obstacles, significant research risk or exorbitant cost. 
 
A switch to drum-ended, maraging steel wire is anticipated to cost about $120K 
additional for the test masses alone. 
 
This design option (if selected) would be employed only partially on the controls 
prototype, but fully (to the extent practical) for the noise prototype. The question of 
whether a wire loop should still exist at the penultimate mass still remains. 
 
Do we have concurrence? 
 

7. Management/LASTI: what prototypes do they really want? 
Our understanding is that LASTI will issue a revised test plan (taking into consideration 
the results of the SEI critical design review in Jan/Feb and the COC substrate downselect 
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in Dec?!!). This plan is needed ASAP and planned for review in early Mar. This plan will 
have top level schedule defined. We ask that a RODA be issued for all involved parties to 
agree to the new LASTI test plan, schedule and subsystem deliverables/support. 
Agreed? 
 


