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Functional Description of the System

LIGO-I Subsystem LIGO-II Subsystem

Quad-pendulum test mass

Single-pendulum test mass
I suspension

suspension

Minimize thermal noise,
passively isolate test mass

~10"" m rms (0.1Hz),
~108 m rms (1Hz),

~4 1010 m/\/Hz | J |

‘ |

Two-layer active noise

Mass-spring four-layer
| reduction platform

isolation stack

GW band isolation,
(LIGO-1I: RMS motion reduction)

6-DOF, 2 Hz BW Hydraulic

1-DOF, 5 Hz BW Fine
fine actuation system

actuation system

6-DOF, 0 Hz BW coarse
actuation adjustment in
hydraulic system

6-DOF, 0 Hz BW coarse

101 m/\Hz

actuation system

Coarse alignment during
installation and occasional
drift correction

Feedback/ feedforward
compensation of earthtides
and microseismic motion

/
/

~107 m rms (0.1Hz),
~10°" m rms (1Hz
2 10-13 m/\Hz

)
1)

1014 m rms/differential,

1
\

~10% m rms above 0.1Hz

~10® m rms above 1Hz,
~4 1019 m/VHz at 10 Hz
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Stanford 1s Addressing Four Parts
of Isolation and Alignment System

- External Hydraulics
* Design questions for active platforms
* Modeling of active platforms - Hua

* Design of Advanced LIGO isolation and
alignment system

Brian Lantz, LSC meeting, March 01, page 3



Differential Bellows
for Quiet Actuator

1) Pump

2) Differential Flapper
Valve

3) Bellows Supply
4) Differential Bellows

5) Actuation Plate

I
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The Quiet Hydraulic Actuator

Displacement
Sensor

Bellows

Actuation

Current Design Plate Current Design Implemented
On LIGO Pier
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Conditioning a Pressure Source
Active and Passive Suppression

of Pressure Fluctuations

Pressure \Compensator
Sensor I:]

Accumulator

Pump

Servo Valve

Reservoir
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Pressure Noise at the Actuator
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pressure ASD (psi/VHz)
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Motion of the Actuator
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The Test Platform at Stanford

I AR NEPPreien
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Horizontal
Actuator

Vertical Actuator
Displacement Sensor

S-13 Seismometer

STS2 Seismometer

800 Ib Test Mass
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Sensor Correction

STS2 Filter

|

Compensator

%

_|_

External
Alignment
Input
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Vertical Isolation

Performance of Vertical Actuator with Super Sensor Feedback and Sensor Correction

— controloff
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Vertical Motion

Normalized Absolute Motion of Mass and Ground
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Geometry of our 6 DOF platforms

Consider,

* Triangular platform.

* Compliant attachment to
support structure.

* Instrument each corner
with 2 DOF controls for
vertical and tangential
directions.
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Single La
with P

* Demonstrate 6 DOF active pl
with collocated sensors and
actuators.

- Demonstrate sensor blending

* Validate computer model use
design LIGO system.

 Demonstrate sensor correctio
reduce ground motion.

- Demonstrate reliable operatic
stiff platform and pendulum -
together.




The Single Layer Platform

| 1 Optical Sensor
Geophone §i
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Results from Single Layer Platform

| Vertical System Transmission
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Controlled Vertical Platform Motion
T T T T T LA B R T T T i T
i Siooionooo.......| = free motion -
C : : : : S — feedback control
107 R : : : : U TS — feedback and sensor correction | |

motion (meters/NHz)

::‘. Data from Nov 5 f
; Generated by nov performance2m ; : : T

1 10 50

Brian Lantz, LSC meeting, March ’01, page 17



—_—
e}

Transmission of Ground Gotion Amplitude
S

p—
-}

Horizontal System Transmission

T o . Y . R L T
' SR : ' | = openloop |
| = closed loop |

=)

|
p—

: G:en:erated;by feb_performance1.m -

1 10 100

Brian Lantz, LSC meeting, March ’01, page 18



Motion (meters/NHz)

Controlled Platform Motion
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response

Pendulum Interactions

Closed loop transfer function of channel 1 (5/30/00)
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Next Step:
Two Stage Protot
for Advanced LIGO

* Prototype for the HAM chamber system,
to be installed in vacuum at the Stanford ETF.

e Same sensors, similar actuators as the Advanced LIGO system.
» Same dynamics as the Advanced LIGO system.

* Centers of mass of two stages at the same location.

* Sensors and actuators well aligned.

* How well does 1t work? Feed design information to the
Pathfinder design at LASTI.
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Views of the
Prototype

Inner stage
(table top removed)

inner stage with outer stage
and supports

assembled system
with table top
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ASD of motion (m/VHz)
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Prototype 1nstalled 1n the
ETF vacuum system

Ideal Facility for
Engineering Prototype

* Easy access to system

* Modest requirements
for vacuum components

RFQ on the way to
contractors

Install in ~6 months

2 sets of data to
the LASTI Pathfinder
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Sketch of Active System 1n HAM Tank




Active Isolation

log (x1/ xq)
QL
Xo| Xq2 Comp.
X4
T Fo1
y Log f
TTTITTT

Suspended platform with inertial sensor
Feedback loop 1s used to add active 1solation based on sensor

Decouples low frequency sensor from stiff platform
Used at JILA to achieve >=70dB 1solation above 1Hz
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A Variety of Requirements

for a Variety of Optics ]
Test Masses (4)
1*107"° meters/NHz at 10 Hz =l
14 I NN
1*107" meters RMS e & H I
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Suspended mode cleaner
3*%10""7 meters/NHz at 10 Hz
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VieW Of a T QIGP_QDOne :" _OpticaISensor &
2 DOF corner Pdl

Hung with springs at 7 Hz
from support structure

Each corner has vertical
and tangential control

Sensors for both
Inertial motion and
relative displacement

Collocated actuators
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1 DOF Model

feedforward
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