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1.1 SEI – SUS/UK

This is a chapter of the master Advanced LIGO Detector, Interface Control Document (ICD), E030647.

The SEI system provides the isolation system to which suspensions are attached. This ICD covers the interfaces between the SEI system for the BSC chambers and the suspensions that reside in the BSC chambers. The SEI Work Breakdown Structure (WBS), M030120-00, defines the scope of the SEI effort.

The SUS/UK scope includes the BSC chamber suspensions; the Input Test Mass (ITM), End Test Mass (ETM), Beam Splitter (BS) and Fold Mirror (FM) suspensions. The SUS Work Breakdown Structure (WBS), M030120-00, defines the scope of the SUS efforts and differentiates the US and UK components. In addition, M030162-03 is a detailed statement of the SUS/UK scope.

A block diagram of the SUS ITM and ETM suspensions is shown in Figure 1. Block diagrams for the BS and FM suspensions would be similar.

1.1.1 Physical Interfaces

1.1.1.1 Mass Properties

Requirement: 

None

Explanation/description/references: 

One might expect an interface between SUS suspension mass properties and SEI. However, it is SYS that defines the entire SEI optics table payload complement and maintains the mass properties budget.

Historical Notes: 

None

Figure 1: Suspension Block Diagram for the BSC (Quad) ETM & ITM
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Figure 2: Electronics Block Diagram
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1.1.1.2 Envelope

Requirement: 

None

Explanation/description/references: 

One might expect an interface between SUS suspension envelope and SEI since suspensions must fit on the SEI platform. However, it is SYS that defines where the SEI optics table payload elements are placed and therefore the limits of their envelopes.

Historical Notes: 

None

1.1.1.3 Attachment

Requirement: 

The SUS/UK suspensions are attached to the SEI/BSC optics tables with dog clamps (provided by SUS/UK). The SEI optics table shall have 3/8-16 UNC-2B threaded through holes (manufactured with +0.005 inch oversize taps, per E010613) on 1 inch hole spacing over the entire optics table surface. These optics table holes shall have Nitronic 60 inserts The holes shall also have a chamfer to prevent a lip from rising above the nominal optics table surface.

Explanation/description/references: 

The hole size and spacing were chosen to achieve a minimum frequency of 150 Hz for the quad suspension vertical bounce mode with the dog clamps & optics table bolts acting as springs retaining the mass of the suspension; see reference T050098-00
The holes are to have Nitronic 60 inserts o minimize particulate generation (which could rain down on the suspension and COC); see reference T040111-00
Historical Notes:

Original SEI optics table design has ¼-20 UNC-2B threaded holes on 2 inch centers with Nitronic 60 inserts. To be changed prior to fabrication of the LAST prototype.

1.1.1.4 Alignment

Requirement: 

None

Explanation/description/references: 

One might expect an alignment interface between SEI and SUS/UK since (a) one must align suspensions at the bolted interface to the SEI optics table and (b) the SEI system has the capability to perform low frequency, yaw alignment and length offload. However, it is really IAS/AOS that performs and insures initial (DC) alignment. The yaw and positional offload interface is a digital command interface between SUS/US (which has the scope for all digital SUS controls) and ISC.

Historical Notes: 

None

1.1.1.5 Optical Table Flatness

Requirement: 

The mounting surface of the SEI optics table shall be flat to within 0.010 inch over the entire surface.

Historical Notes: 

Same as initial LIGO.

1.1.1.6 Optical Table Levelness

Requirement: 

The mounting surface of the SEI optics table shall be capable of being leveled to within 100 microradians.

Note: INS, with IAS/AOS tooling & procedures, is responsible for performing the SEI optics table leveling.

Explanation/description/references: 

The BSC SUS assemblies are about 2 m long and have gaps between the structure (at the mass limit stops) and the suspended elements of about 1 mm. The mis-positioning due to non-levelness of the suspension structure should be a small fraction of this gap. Moreover, references on the structure (see alignment interface between SUS/UK and AOS/IAS) should be accurate references to within a small fraction of 1 mm, which is the decentering and longitudinal positioning accuracy for the COCs. Leveling to 100 microradians is readily within the capability of optical level instrumentation and results in just 20% of the positional accuracy budget.

Historical Notes: 

None

1.1.1.7 Tooling

Requirement: 

The SEI shall design and provide at the time of installation, a support platform which can fit within a BSC cleanroom, support the SEI Internal Seismic Isolation (ISI) at a height of TBD inches from the floor, which is sufficient to enable the SUS BSC assemblies to be installed on the optics table from below.

Explanation/description/references: 

See pg. 11 of G050245-00 and pg. 20 of G040459-00 for a graphic rendering and brief description of the "cartridge assembly", support platform. The height of the optics table from the floor is needed to establish the height of the supporting structure for the Polar Payload Positioning Fixture (P3F) which will lift the BSC/SUS assemblies to the optics table during the cartridge assembly.

Historical Notes: 

None

1.1.2 Electronic/Electrical Interfaces

1.1.2.1 Command Signals

Requirement: 

None

Explanation/description/references: 

All command signals are between SUS/US and SEI (not in the SUS/UK scope).

1.1.2.2 Data Signals

Requirement: 

None

Explanation/description/references: 

All data signal interfaces are in the digital realm (SUS/US scope).

1.1.2.3 Interface Cabling/Connectors

Requirement: 

N.B.: This requirement will be fleshed out in support of the SUS Electronics PDR Review, Jul 12, 2005.

The SEI system shall provide #TBD female, connectors, each 50 pin, D-type (Accuglass part number TBD). These connectors shall be terminated in a bracket mounted to the optics table with the mating plane of the connector within a distance of 6 inches (150 mm) from the perimeter of the suspension and a distance of 4 inches (100 mm) from the table surface. The SEI system shall route these cables across its isolation stages and to an electrical vacuum feedthrough (also provided by the SEI group).

The SEI cable shall be twisted pair, overall shielded (25 conductors) with TBD gauge and a cross-coupling of < -85 dB at 1 kHz and increasing proportionally with frequency. The cable shield shall not be grounded. 

The pin-out assignments of the cables shall be as indicated in the following Table.

Table 1: SEI D25 Female Connector Pin-Outs

Pairing is 1-14, 2-15, 3-16, … etc. TBR
	Pin
	Signal Name
	Description
	Pin
	Signal Name
	Description

	1
	
	TBD
	14
	
	TBD

	2
	
	TBD
	15
	
	TBD

	3
	
	TBD
	16
	
	TBD

	4
	
	TBD
	17
	
	TBD

	5
	
	TBD
	18
	
	TBD

	6
	
	TBD
	19
	
	TBD

	7
	
	TBD
	20
	
	TBD

	8
	
	TBD
	21
	
	TBD

	9
	
	TBD
	22
	
	TBD

	10
	
	TBD
	23
	
	TBD

	11
	
	TBD
	24
	
	TBD

	12
	
	TBD
	25
	
	TBD

	13
	
	TBD
	
	
	


Note: The exo-vacuum cabling interface is between SEI and SUS/US since SUS/US provides all in-air cabling.

Explanation/description/references: 

1.1.3 Software

Requirement: 

None

Explanation/description/references: 

All software interfaces are between SEI and SUS/US. The SUS/UK scope does not include software.

1.1.4 Environmental

1.1.4.1 Clean Air Shower

The SEI system shall provide a laminar class 100 clean air shower through the holes in the optics table. This capability shall be available during the "cartridge assembly" configuration in the LVEA under a BSC cleanroom and in the vacuum chamber (when vented) during in-chamber assembly, installation and alignment activities. The flow rate shall be variable from zero to TBD liters/sec.

Explanation/description/references: 

The LIGO Vacuum system purge air is insufficient to provide a laminar clean air flow around the optics during installation and commissioning activities in the chambers. A clean air shower through the optics table holes can provide the in-situ clean air supply needed without the addition or intrusion of temporary fixtures. It is anticipated that during alignment operations, the air flow will need to be throttled down or shut off so that the optics/suspension is not acoustically excited.

1.1.4.2 Seismic Loads

Requirement: 

The SEI system shall maintain active isolation operation through all seismic events in the 95th percentile based on total displacement rms at LLO (as defined in P040015-00), without shutting down or hitting the SEI mechanical limit stops.

Explanation/description/references: 

The SUS system is required to maintain operation through at least the 95th percentile based on total displacement rms at LLO (as defined in P040015-00). In order to do so, the SEI system must continue to function (provide some level of isolation, albeit at a reduced level) and not hit it's mechanical stops (which will impart an impulse into the SUS).

1.1.4.3 Elastic Mode Frequencies

Requirement: 

The requirements with regard to first elastic mode resonances for quad structure sections with all mass, including non-structural mass, and assuming a perfectly rigid support (i.e. rigid optics table and no coupled dynamics):

· > 200 Hz first resonance for the upper structure

· > 100 Hz lower structure

· > 100 Hz combined upper and lower structure

The above must 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 requirement should be confirmed initially by finite element analysis with a 15% safety margin. Later confirmation is via modal testing on a prototype.

Explanation/description/references: 

It is hoped that the above conditions will result in a phase lag, between non-collocated SEI ISI 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).

In response to a SYS imposed requirement (see the ICD between SEI/UK and SYS) , SUS has incorporated a method to allow for de-coupling the lower structure from the upper structure. This will enable the lower structure to be mounted from either the upper structure or the "ground" (vacuum chamber structure) or the support tubes (isolated by the HEPI SEI subsystem).

Historical Notes: 

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.)

1.1.4.4 Thermal

1.1.4.4.1 SEI/ISI Thermal Requirements

Requirement: 

The maximum in-vacuum nominal operating temperature increase over ambient at the optics table, due to SEI power dissipation, shall be less than 2C TBR. The maximum increase over ambient for diagnostic testing, or other off-nominal conditions, shall be less than 10C TBR.

The SEI system shall provide an effective, steady-state conductance of TBD C/W/m^2 through an aluminum to aluminum optics table contact interface.

Explanation/description/references: 

Power dissipated in/on the SEI ISI stages must conduct to the exterior; Radiative heat transfer is insignificant at intended operating temperatures of the SEI/ISI.

Outgassing considerations for the initial LIGO OSEM, T960148-01, limited the total temperature rise of the case of the devices to 39C, or about a 20C rise. A comparable study needs to be done for the new OSEM devices; RGA measurements for the new OSEM devices have recently been taken. The OSEM device case temperature rise is due to the optics table temperature rise, the rise in temperature of the SUS structure due to dissipation of elements within the SUS, such as the TCS ring heater, and local resistance to conduction of the device dissipation. A technical memo is needed to list all of the principal power dissipation elements and establish a thermal budget, including limits on the thermal resistivity of various paths. In the interim, a small fraction (1/10) of the total estimated rise in temperature (20C) will be allocated to the SEI optics table due to SEI's own self heating.

To permit higher dissipation for off-nominal conditions, the limit should be based on the maximum safe operating temperature of the OSEM devices (less a safety factor). 

Historical Notes: 

None

1.1.4.4.2 SUS/BSC Suspension Thermal Requirements

Requirement: 

The SUS ITM suspension assembly, including the TCS, shall dissipate, in the ITM suspension, no more than TBD W peak and TBD W continuously. Of this total heat load, the suspension is expected to contribute < 12 W peak and < TBD W continuously.

Explanation/description/references: 

The power dissipation in the suspension contributes to the temperature in the SEI system since most of the heat is conducted through the SEI structure. According to E040108, the peak coil power dissipation is ~0.5W and the sensor dissipation is also abut 0.5 W. This maximum power would likely only occur for the 12 damping OSEMs at the upper mass; The dissipation from the other global control OSEMs is considered negligible and mostly dissipated by radiative cooling.

The maximum steady state dissipation will be driven by the required bias ranges. According to T050043-00, the required pitch, yaw and roll biases are about 70 mN. Need the current to force constant for the OSEM – can't find it.
Note: See also the power dissipation limits on AOS/TCS in the interface requirements between AOS/TCS and SUS/UK.

Historical Notes: 

None

1.1.4.5 Magnetic field limits on the SEI

Requirement: 

The maximum magnet field and gradient, at a distance of 10 cm below the optics table, due to SEI actuators operating at their nominal expected currents for the 95th percentile seismic environment (as defined in P040015-00) shall be < 10 pT/rHz and < 20 pT/m/rHz at 10 Hz, varying as 1/f.

At 60 Hz & harmonics?
Explanation/description/references: 

The magnetic field from the SEI actuators will interact with the OSEM magnets and eddy current magnets on the suspension. See R. Schofield's notes on the results of magnetic field measurements at the SEI Technology Demonstrator at the ETF facility, T050087-00. As noted in T050087-00, further testing is required. In the interim, we will assume that SEI will incorporate mu-metal shielding of the actuators to achieve a 5 fold reduction in the field strength. Based on T050087-00, the resulting magnetic field strength at 11 Hz and 10 cm from the table should be ~10 pT and 20 pT/m. According to T010074-03, the ambient background field, far from the buildings, is ~10 pT/rHz at 10 Hz and falls as 1/f. Recent RFI measurements at LLO where the electronics have been moved out of the LVEA & VEA are as yet unpublished (need to get these results available for comparison). Seems appropriate to set the SEI field requirements at the level of the ambient environment and not higher.

No requirements are set yet at 60 Hz and harmonics in this interface. If SEI meets the EMI/EMC requirements in the "Generic Requirements and Standards" document, E010613-01, then perhaps the performance at 60 Hz is set by the CDS infrastructure?

Historical Notes: 

None

1.1.5 Safety

Requirement: 

None

Explanation/description/references: 

No applicable interfaces. SUS will abide by all observatory safety plans and procedures.

Historical Notes: 

None

1.1.6 Operational Limits

1.1.6.1 SEI Static Range

Requirement: 

For the purpose of supporting SUS repair procedures, the SEI system shall have a static positioning range of +/- 0.5 mm in x, y, and z translation and +/- 1 mrad yaw.

Explanation/description/references: 

The SEI system has a large (+/- 5 mm) DC adjustment range available at the time of installation. This range is accomplished by mechanically moving the HEPI supports through a somewhat lengthy process. If the suspension requires re-work in situ (for example an optic or fiber replacement) there could be a need to reposition the suspension in yaw and position (x-y). SUS tooling will exist to accomplish this task, but it requires a significant amount of time to install the tooling and accomplish the adjustment. It would be better to accomplish small perturbations/corrections in position and yaw, by moving the SEI platform. An adjustment range of +/- 0.5 mm in x, y, and z translation and +/- 1 mrad yaw should be adequate to cover repeatability tolerances in the suspended chains.

Historical Notes: 

None

1.1.6.2 SEI Dynamic Range

Requirement: 

None.

Explanation/description/references: 

Dynamic range for SUS offload commands is an interface between SUS/US and SEI.

Historical Notes: 

None

1.1.7 ICD Verification Matrix

TBD
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