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1.1 SUS/UK – ISC

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

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.

The ISC system provides the electro-optics and electronics for "global" Length Sensing & Control (LSC) and Angular alignment Sensing & Control (ASC). The Work Breakdown Structure (WBS), M030120-00, defines the scope of the ISC effort.

This ICD covers the interfaces between the ISC subsystem and the SUS/UK scope of the suspension systems for the BSC chambers.

A block diagram of the ISC system and its relationship to the SUS system (SUS/UK and SUS/US) is given in Figure 1. Note that all of the physical and direct signal interfaces are between ISC and SUS/US (since the digital part of the SUS system is in the US scope). Note also that digital I/O is indicated between SUS/US and SUS/UK for switching states and state read-back/confirmation.

The primary requirements for SUS from the Systems design are defined (partially
) in the Advanced LIGO Systems Design document, T010075-00. This document is meant to capture as yet undefined requirements which derive from System-level considerations and relate to global interferometer control, the scope of ISC. 

Figure 1: ISC and SUS Interface Block Diagram

[image: image1.wmf]SEI

Input Optics (IO)

&

Output Optics

Quad

SUS

f

Mix

I/F

PD

RF Osc.

I/F

PD

I/F

PD

MODULATION

DETECTION

DETECTION

MODE

CONTROLLER

ACQUISITION

MODE

CONTROLLER

MODE

SWITCHING

ALGORITHM

SUS

CPU

SUS

ADC

SUS

DAC

Local Control

DeWh Filters

AI

Filters

I/F

Reflected

Memory?

I/F

Reflected

Memory?

UIM

DeWh Filters

Penultimate

DeWh Filters

ESD

DeWh Filters

AI

Filters

AI

Filters

AI

Filters

Local Control

Wh Filters

AA

Filters

Coil

Drivers (6)

Coil

Drivers (6)

Coil

Drivers (6)

Coil

Drivers (6)

ES

Drivers

UPPER

MASS

UIM

PM

TM

12

12

4

4

5

ISC Global

Actuator

ISC Global

Actuator

ISC Global

Actuator

SUS Local

Actuator

PSL

IO/IMC

DAQ

GDS

5 BSC Systems per IFO

6 HAM Systems per IFO

SUS/UK per IFO:

ETMx, ETMy (quads)

ITMx, ITMy (quads)

FMx, FMy (triple; folded

IFO only)

BS (triple)

SUS/US per IFO:

PRM (triple)

SRM (triple)

IMC2 (triple)

OMC (TBD)

Cabling from Drivers to

Vacuum Chamber Feed-

Throughs is SUS/US

Responsibility

Cabling from Vacuum

Chamber Feed-Throughs

to SUS I/F Connector &

Bracket is SEI

Responsibility

OSEM

Sensor I/F

SUS/US

SUS/UK

ISC

Digital

I/O

f

Mix

Mix

f

CONTROLLERS

SUPERVISORY CONTROL

Timing System

Network

Packaging & Channels

per Module are TBD

Packaging & Channels

per Module are TBD

F

 = Phase adjuster

PD = PhotoDiode

I/F = Interface

AI = Anti-Image Filter

AA = Anti-Alias Filter

DeWh = De-Whitening Filter

Wh = Whitening Filter

ES = Electro-Static

UIM = Upper Intermediate Mass

PM = Penultimate Mass

TM = Test Mass

Optical

Radio Frequency (RF)

Control/Monitor

Audio Frequency (AF)


1.1.1 Physical Interfaces

Requirement: 

None

Explanation/description/references: 

All of the physical and direct signal interfaces are between ISC and SUS/US (since the digital part of the SUS system is in the US scope); see the block diagram in Figure 1.

Historical Notes: 

None

1.1.2 Electronic Interfaces

In the following sections performance values for the actuators are stipulated. This is a little odd for an interface control document and more typical of a performance/functional requirements requirement. However, as these actuator characteristics are defined (primarily) by ISC considerations of lock acquisition, they can be regarded as (electronic) control interface definition. The corresponding electronic signal characteristics to achieve the requirements given below, at the physical/electrical interface, are defined in the ICD between SUS/UK (actuator interface/drive electronics) and SUS/US (digital controls and command signal conditioning).
1.1.2.1 Global Control Actuators
Requirement: 

The SUS/UK shall provide actuators for global interferometer length and alignment control as indicated in the following Table. All shall be capable of providing three rigid body degrees of freedom for the associated stage mass: longitudinal translation (parallel to the axis of the cylindrical optic), pitch (rotation about a horizontal axis through the center of mass (CM) of the stage mass) and yaw (rotation about a vertical axis through the CM of the stage mass).
Table 1: Global Control Actuator Parameters

All Values are TBD or TBC
	Stage
	Parameters
	ETM & ITM
	BS
	FM

	1
	--
	Local Control Only

	2
	Pitch & Yaw Bias Range (mrad)
	± 0.25
	TBD
	TBD

	
	Max. Force (mN)
	50
	TBD
	TBD

	
	Force Noise (N/√Hz)
	2 x 10-11
	TBD
	TBD

	
	Control Bandwidth (Hz)
	0 - 3
	TBD
	TBD

	3
	Pitch & Yaw Range (±μrad)
	± 1
	TBD
	TBD

	
	Max. Force (mN)
	1
	TBD
	TBD

	
	Force Noise (N/√Hz)
	5 x 10-13
	TBD
	TBD

	
	Control Bandwidth (Hz)
	3 - 30
	TBD
	TBD

	4
	Pitch & Yaw Range (±nrad)
	± 1
	
	

	
	Max. Force (nN)
	1
	
	

	
	Force Noise (N/√Hz)
	2.5 x 10-15
	
	

	
	Control Bandwidth (Hz)
	30 - 300
	
	


Explanation/description/references: 

The values above are from “Global Control Issues for Advanced LIGO Quad Suspensions”, G010086-00, with the following exceptions: (1) the stage 2 bandwidth includes DC for bias control, (2) the dynamic fluctuations in angle for stage 3 are taken as 10 times the “guess” in G010086-00, (3) a pitch and yaw range is indicated for the Test Mass (TM) (since the electro-static actuator as planned gives a capability for pitch & yaw force as well as axial force).

Historical Notes: 

None

1.1.2.2 Minimum Frequency and Maximum Q of Violin Modes

Requirement: 

The fundamental violin modes for the ETM and ITM suspensions are required to be above 400 Hz and to have an effective quality factor, Q < 1010 TBC.

Explanation/description/references: 

See “Advanced LIGO Global Control and ETM Suspension Violin Modes, T050107-00
Historical Notes: 

None
1.1.3 Electrical Interfaces

Requirement: 

None

Explanation/description/references: 

All of the physical and direct signal interfaces are between ISC and SUS/US (since the digital part of the SUS system is in the US scope); see the block diagram in Figure 1.

Historical Notes: 

None

1.1.4 Software

Requirement: 

None

Explanation/description/references: 

The SUS/UK scope does not include any embedded software.

Historical Notes: 

None

1.1.5 Environmental

Requirement: 

None

Explanation/description/references: 

Neither ISC nor SUS/UK impose environmental requirements on the other which are not defined as part of the Generic Requirements and Standards for Detector Systems, E010613-01.
Historical Notes: 

None

1.1.6 Safety

Requirement: 

None

Explanation/description/references: 

Neither ISC nor SUS/UK impose safety requirements on the other which are not defined as part of the Generic Requirements and Standards for Detector Systems, E010613-01.
Historical Notes: 

None

1.1.7 ICD Verification Matrix

TBD
� The current Systems Design document, � HYPERLINK "http://www.ligo.caltech.edu/docs/T/T010075-00.pdf" ��T010075-00�, has an incomplete set of primary requirements for the Suspensions.
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