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LSC . advancedligo
LSC) Overview )

Part | - What is the the system!?
- Role of the Seismic Isolation and Positioning subsystem
- Parts of the subsystem

- Key design features

Part 2 - How well does it work?
- Commissioning process

- Performance

Part 3 - Challenges

- Tilt-horizontal coupling

- Wind

- Earthquakes

- Structure bending
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Role of Seismic Isolation @#vancedigo
and Control

® Provides good performance at |0 Hz.
® |t is more than “isolation for the mirrors”

® Need to isolate, position,and monitor the mirrors
- Stable positioning below ~0.1 Hz
- Isolation from the microseism (~0.15 Hz) to 10 Hz.

® Need to mount many optical components

® Seismic and Suspensions are
one system split into a few parts.



Role of Seismic Isolation @#vancedigo
and Control

® Good active and passive isolation at 10 Hz
passive above a few hertz, active isolation from 0.| to 30 Hz

® Provides good isolation in the “Control Band”,
work to minimize velocity below 0.1 Hz

® Can monitor the table motion from DC to 2 kHz.
® Big tables mount many components, payloads are flexible.

® Seismic and Suspensions are
one system split into a few parts.
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Role of Seismic Isolation =zdvancedigo
and Control
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LSC LIGO vacuum equipment "~

drawing courtesy of Oddvar Spjeld )JI604 6



Requirements

Support all the in-vacuum [IFO optics

-Large optics in BSC chambers
-other optics in HAM chamber

5 BSC-ISls
5 HAM ISls
| | HEPIs

(ISC has passive
stack in HAMI)




advancedligo

Overall Isolation of Test Masses

" 3%10-12 m/+/Hz at 10 Hz

“_

Bolted Aluminum structure BSC-IS|

ot
*
*
‘0
*
*
&
\.’

2 active stages,

each supported by 3 HEPI

blade springs and flexures.

all 6 DOFs controlled
for each stage.

6 actuators, 6 displacement “JSSRSE |
sensors, 6 DOF inertial ~4x10-'° m/+/Hz at 10 Hz
sensing for each stage. o)

" " 1x10"'"® m/+/Hz near 10 Hz
Passive freq’s 1.3-7 Hz

Optics hang down from
table, supports 1100 kg I —
“Large Optic

of total load.
Unity gain freq’s around 30 Hz .
yE | (business end of SU

G1601604 8



L advancedligo
Parts of the Subsystem e

® Plant
- The mechanical thing we are controlling
- designed to be controlled
- it’s a really good mechanical system, but not perfect

® Sensors - Really good sensors
- We sense all 6 DOFR
- Displacement sensors for platform location at Low Freq
- Inertial sensor for platform vibration when possible.
- plagued by tilt-horizontal coupling at low frequency

® Actuators - Hydraulic actuators for HEPI, voice coils for ISl

® Controls - all DOFs controlled,
- each control is simple.
- there are many of them.

G1601604 9
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Hydraulic
External
Pre-
Isolator
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crossbeam §%  tangential
actuator

il

vertical
actuator

HEPI housing on pier top holds:
- Actuators and sensors for
vertical and tangential directions
- Offload springs & payload adjustment
- Caging, stops, alignment features... Creocon



: Crossheam tangential

- : actuator

il

vertical
actuator

HEPI housing on pier top holds:
- Actuators and sensors for
vertical and tangential directions
- Offload springs & payload adjustment
- Caging, stops, alignment features...
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: Crossheam tangential

- : actuator

vertical
actuator

HEPI housing on pier top holds:
- Actuators and sensors for
vertical and tangential directions
- Offload springs & payload adjustment
- Caging, stops, alignment features...
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H EPI ACtuatOI" advancedligo

> More range than PZTs (+/- | mm)
> More force than voice coils

(~400 Ibs, static offset)

> Quiet (<I nm/+/Hz at | Hz) e
- 0
[ 00 00
@

pump ‘
1
00

00
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optics table - stage 2

stage |
support - stage 0
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optics table - stage 2

stage |
support - stage 0 —
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HAM DeSIgn advancedligo

* Bolted aluminum structure
Suspended by 3 blade
springs & “wires”

* mass:
stage | ~ 1500 kg
plus 510 kg of payload

*Natural freq’s

x &y: 1.35 Hz
z 1.8 Hz
tip/tilt: 1.07 Hz
yaw: 0.9 Hz

* first bending mode:
> 250 Hz

* Servos with
unity gain around 25 Hz

G1601604 16



HAM D . springs and sensors ncedligo
es'gn under the table top

optical table

e —

ooooooooo
o o

— springs & flexures

e
~

— Vertical GS13 in pod (I of 3)

I horizontal GS13 in pod (I of 3)
e Qb

ﬁ locker/ limiter (I of 4) access to a vertical sensor
vertical actuator (| of 3) E .

stage 0




LSC . . advancedligo
BB 5, crall Isolation of triples "

4 triple SUS
HAM-ISI
HEPI

G1601604 18
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SEI sensors and their noise advancedigo

IPS CPS
Kaman’s Inductive Position DC MicroSense’s Capacitive
Sensors Displacement Sensors
Used On: HEPIs Used On: HAM-ISIs and BSC-ISIs
Used For: < 0.5 Hz Control, Static Used For: < 0.5 Hz Control, Static
) Alignment Alignment
W Used ‘cause: Reasonable Noise, Used ‘cause: Good Noise, UHV
Long Range 10045 compatible
STS2 1240
Strekheisen’s STS-2 Nanometric’s Trillium 240
2 Used On: HEPIs Used On: BSC-ISIs
®  Used For: 0.01 <f < 1Hz Control Used For: 0.01 < f < 1Hz Control
: Used ‘cause: Best in the ‘Biz Used ‘cause: Like STS-2s, Triaxial,
below 1 Hz, Triaxial no locking mechasim -> podded
1BHz
GS13 LAC

GeoTech’s GS-13
Used On: HAM-ISIs and BSC-ISls
Used For: 2 0.5 Hz Control
Used ‘cause: awesome noise
above 1Hz,
no locking mechanism -> podded 800 Hz

“High” Frequency
J. Kissel G110043 1 G1601604 20

Sercel’s L4-C
Used On: All Systems
Used For: > 0.5 Hz Control
Used 'cause: Good Noise, Cheap,
no locking mechanism -> podded




SEI sensors and their noise advancedigo

—
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- == Raw CPS Noise
| === Raw IPS Noise
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LSC) | advancedligo
Controls )

® All DOFs are controlled
- Choose X,Y, Z,rX, rY,and rZ as basis
- Aligned with gravity (tilt)
- Aligned with IFO basis

® Each DOF is pretty simple
- Blended loops control position at low-frequency
isolation at high frequencies, unity gain freq of ~ 30-40 Hz
- Use feed-forward, feedback, sensor correction
- note that much 10 Hz performance is passive

® Worst thing at low frequencies is tilt-horizontal coupling
® Biggest complexity is the number of controls

® Biggest lure for the young is to reinvent the control scheme

G1601604 22



Control philosophy ~ “*"™°

Payload attached to ground
with compliance (1-2 Hz)

f ' \ —| control law 'w Need both alignment and

vibration control.

displacement sensor

actuator

offload spring

G1601604 23



Control philosophy ~ “*"™°

Payload attached to ground
with compliance (1-2 Hz)

control law |~ Need both alignment and
vibration control.

Correct displacement
sensor with ground motion
measurements.

displacement sensor

actuator

offload spring

G1601604 24



Sensor Blending

advancedligo
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Blending sensors

90 mHz Blend for Stage 1Y

——CPS | |
——T240| |

351601604 26



LSC advancedligo
LSC) Sensors for Control )

Use active and passive techniques
to get good performance

(a) (b)

Suspended_
- test mass
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LSC) Sensors for Control )

Use active and passive technique
to get good performance

(a)
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LSC) Sensors for Control )

Use active and passive technique
to get good performance
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LSC) Sensors for Control )
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LSC) Sensors for Control )
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LSC) Sensors for Control )
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. . advancedligo
Signals for processing

Blended Feedback

(a) (b)

Suspended_
- test mass
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Signals for processing

Blended Feedback

(a) (b)

Suspended_
- test mass



. . advancedligo
Signals for processing

Blended Feedback
Global commands

(a) (b)

.
o
.

Suspended_
- test mass
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Signals for processing

Blended Feedback
Global commands

Sensor correction
() (b)

.
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- test mass
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Signals for processing

Blended Feedback
Global commands

Sensor correction
() (b)
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Si -
ignals for processing

Blended Feedback
Global commands
Sensor correction

Feedforward (b)
————— BSC-ISI~ _
= HEPI~~__
(O ..o =
0.0
Suspended_

- test mass
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Si -
ignals for processing

Blended Feedback
Global commands
Sensor correction

Feedforward (b)

-------

.
o
.

Suspended_
- test mass
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Si -
ignals for processing

Blended Feedback
Global commands
Sensor correction

Feedforward (b)

.
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.

Suspended_
- test mass
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Dealing with complexity "™

e LIGO- E130015S There is a process we set up
and followed to get everything
installed and running.

LIGO Laboratory / LIGO Scientific Collaboration

G- 1300155 LIGO  Mahs, 03 Platform dynamics are similar
from | unit to the next, so
basic control laws work
without modification.

aLIGO HAM-ISI, Phase III Testing report

(Control Commissioning)

LLO HAM 3

E13000155-Vé

Celine Ramet, Ryan De Rosa, Fabrice Matichard Fi rSt S et Of te Sts fo r I n d ia
system are done.

Distribution of this document:
Advanced LIGO Project

This is an internal working note
of the LIGO Laboratory

California Institute of Technology Massachusetts Institute of Technology
LIGO Project — MS 18-34 LIGO Project - NW22-295
1200 E. California Blvd. 185 Albany St
Pasadena, CA 91125 Cambridge, MA 02139
Phone (626) 395-2129 Phone (617) 253-4824
Fax (626) 304-9834 Fax (617) 253-7014
E-mail: info@ligo.caltech.edu E-mail: info@ligo.mit.edu
LIGO Hanford Observatory LIGO Livingston Observatory
P.O. Box 1970 P.O. Box 940

Mail Stop S9-02 Livingston, LA 70754
Richland WA 99352 Phone 225-686-3100 Gl1601604 32
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Dealing with complexity "™

|
LIGO
LIGO HAM-ISI 3 CONTROL COMMISSIONING REPORT LIGO- E1300155
LIGO Laboratd Table of contents:
I.  Transfer Functions and Control LOOPS .....ccceeveuirieririerieirieieiesieitetestee sttt saeneeneeene 4
1. Local to local Transfer FUNCHONS ........c..coiiiiinieiiiiieirieei et 4
LIGO- E1300155 2. Step 3 Cartesian to Cartesian transfer funCtioNS.........coevvveierierereneeeeee e 6
Transfer FUNction EVOIULION .......ccueiiiiieiiieieiisieeeees ettt 7
3. Step 4 Damping LOOPS «.c..c.eeverueirienieiiieieierieetere ettt sttt ettt 10
alLIGO HA] 4. Step 5 Blend FIlters: ........coooviiiiiiiiiiiiccccecc s 14
5. Step 6 & 7 1S01ation FIlters .......covvuirieuiiieieiirieei ettt 18
(C(] II.  Noise and Motion MEASUICINENLS .........coveuerrereererieirreriertrienterenteeesesteseesetesessesesessesessessesessessesenee 22
1 Check sensor noise and platform transmissibility ..........ccoeeeeeverierirenieiirenieeeeereeeeeeee 22
2 Check the damping LOOPS........ccueuirueiriirieiienietetee ettt 27
3. Check analog/digital Switchable filter ...........cccoviiieieieeeeeee e
4 Check Vertical control loop performance
Celine R4 5 Check Horizontal control 100ps performance............ccueeererereeierienienieseeeeeesiesiesieseseesnens 44
]

California Institute of Techno
LIGO Project — MS 18-34
1200 E. California Blvd.
Pasadena, CA 91125
Phone (626) 395-2129
Fax (626) 304-9834
E-mail: info@ligo.caltech.ed

LIGO Hanford Observator
P.O. Box 1970
Mail Stop S9-02

Richland WA 99352
L
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Dealing with complexity

LIGO
LIGO HAM-ISI 3 C(
LIGO HAM-ISI 3 INITIAL CHAMBER TESTING LIGO-E1200104-v6

Transfer Function Evolution
Those same data were used to look at the evolution of the GS-13 transfer functions (in cartesian
coordinates) over the year 2012 and the installation of the real payload:

Table of contents:
LIGO LabO}"at( HAM-ISI - L1 -HAM 3 - GS-13 Transfer Functions Comparison Febuary 2012 to February 2013 - Direction X

I.  Transfer Functions and Cont}

1. Local to local Transfer F

LIGO- E1300155 2. Step 3 Cartesian to Cartd

Transfer Function Evolution —— Dummy Masses-Chamber closed - 02/18/2012

Dummy Masses-on HEPI springs-Chamber opened - 03/30/2012
3. Step 4 Damping LOOpS N g —— Final Payload -After vent -HEPI locked -Chamber opened 12/17/12

— Final Payload - HEPI locked - In vacuum 10/25/12 é
—— PR2+MC2 damped -HEPI locked -Chamber closed 05/15/2012

aLIGO HAI 4. Step 5 Blend Filters: ...... ot u il it i
10 10 10

Magnitude ((nm/s)/count)

5. Step 6 & 7 Isolation Filtd 190 E
C 135

( g II.  Noise and Motion Measuren o \
1. Check sensor noise and { s \\
2. Check the damping loop i o
3. Check analog/digital swi e —

100 b T . E

4. Check Vertical control 1 135 e :

) §§§

Celine R4 5. Check Horizontal contro 4180 e p e

HAM-ISI - L1 -HAM 3 - GS-13 Transfer Functions Comparison Febuary 2012 to February 2013 - Direction Y

=)

10° Dummy Masses-Chamber closed - 02/18/2012

Dummy Masses-on HEPI springs-Chamber opened - 03/30/2012
— Final Payload -After vent -HEPI locked -Chamber opened 12/17/12
— Final Payload - HEPI locked - In vacuum 10/25/12
—— PR2+MC2 damped -HEPI locked -Chamber closed 05/15/2012

10° 10

Magnitude ((nm/s)/count)
A
T

California Institute of Techno
LIGO Project — MS 18-34
1200 E. California Blvd.
Pasadena, CA 91125 A\\ |

Phone (626) 395-2129 135 \
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45
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LSC advancedligo
LSC)) Performance )

Interesting features of current performance:

- Good isolation in the control band

- Survive trains

- Useful monitor of motion at suspension point

- Guardian allows us to bring system up automatically
- Blend switching enables re-tuning of running system

G1601604 33



L ¢ . 9 advancedligo
Typical’ performance “*"™

[1132704017-1132790417. state: ISI ODC]

104 H1 ETMX (BSC9) chamber motion
|§ 107
—6

~

g 1

4? 107!

Z 107°

2

-/

— 1077

i 10 [ — Ground (X)

4_') J—

D 10 - mmm Ground (Z)

7' 10—l [ mmm HEPI (X) _
= _qo||mmm ISIStage1 (X)
21077 ISI Stage 2 (X)

2,10~ 13 | mmm Suspension point (L)

= .

- 10-14 BE BSC ISI requirements

0.01 0.1 1 10

Frequency [Hz]

Nov 28th (Sat. after Thanksgiving)
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HAM-ISI on a good day “*

[1132790417-1132876817. state: ISI ODC|

L1 HAM?2 chamber motion

—
-
I
<
I
1

mmm Ground (X)
" mmmm Ground (Z)
10—11 | mmm HEPI (X)
mmm [ST Stage 1 (X)
[

Suspension point (L)

Amplitude spectral density [m/vHz]
=
i

mE  HAM ISI requirements |

Frequency [Hz]
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B Real impact of e
isolation, alighment & control

Ll blnan neutron star 1nspnal range (DMT Sensel\[on)
mmm L{:DMT_SNSHEFFECTIVE_RANGEMPC

100

80

..............................................................................................................................................................................

Angle-averaged range [Mpc]
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LSC ) but there was a train... o0

—
O
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L T e bt b

1 — 3 Hz seismic motion [nm/s]
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LSC . advancedligo
B Real impact of e
isolation, alighment & control

100 . L1b bmal\ neutron star inspiral range (DMT Sensel\[on)

B | — Ll DMT- S\ISH_EPFECTI\ E_R.A.\IGE \IPC
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T
T

100 My lk

1 — 3 Hz seismic motion range [Mpc]
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LSC ) ‘Environmental’ sensors ’

L1 ETMY suspension point motion

10—5 [:

10—10

10—11 |
10—12 |
10718

Frequency [Hz]

st oD 5
0 2 4 §) 8 10 12 14 16 18 20 22 24
7.

Time [hours] from 2015-09-20 00:00:00 UTC (1126742417.0)



LSC . . . advancedligo
LSC ) This is what we strive for ““"“"

H1 ETMX suspension point motion

Frequency [Hz]

Amplitude spectral density [m/v/Hz]

0 2 4 6 8 10 12 14 16 18 20 22 24
Time [hours] from 2015-11-28 00:00:00 UTC (1132704017.0)

G1601604 40



advancedligo

Glitch monitoring

Hl ETMX (BSCY) longitudinal motion

8 s T e - g e e e e on B St N Y Rt Ao e gt o ey N e = g S
e e ey - - e Sy = — g T e T Eao - — = = [ e i R Ty

1
ot

Frequency [Hz|

&
Sy

Amplitude relative to median

o.01 ¥
::d I| “ﬁ Bl =L i:::i: 1 IRABER EEir g
51 ODC—
0 2 4 § 8 10 12 14 16 18 20 22 24

Time [hours] from 2015-11-28 00:00:00 UTC (1132704017.0)
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monitoring

| | | b)
Inspiral Merger Ring-
down \
0
N
<
e £ § 10722
“ ~ =
S I k=
Z > ©
£ ~ 2
© ‘
i | -23
-1.0 — Numerical relativity H n 10
I Reconstructed (template) Lo | T |
I I ]
20 100 1000
Mass
Frequency (Hz)
Power
Recycling Beam L,=4km
I e
Laser 20 W 100 kW Circulating Power
Source Test Test
Signal Mass Mass
Recycling
"W Photodetector
from detection paper P150914 G1601302 42



BB/ 5D of the signal and noise™"""

Noise floor of the instruments vs. ASD of the signal
——H1
— L1
= ASD of simulation

—h
ol
N
—_
[
|

—h

ol
N
N

Detector strain noise density(Hz'”z)

1023 -

20 100 1000
501302 43
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LSC ) Power of the monitors ™

If GW 150914 were linearly coupled seismic motion

7D Equivalent sus point motion vs GW150914
* * x

0
= GW150914
10-2 === Equivalent sus point motion

—

ol
N
[

I

—
ol
(o]

Mirror displacement (m/vHz)

S o o o =

) ) ) A IS i 225 L O
w-b- N o (0] [0} H \] o (0]

o w ‘ | |

2.

©)

>

—
OI

motion of | mirror, equiv to GW 15094

.

10

—i
ol

N\
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LSC . . . advancedligo
LSC ) This is what we strive for ““"“"

H1 ETMX suspension point motion

Frequency [Hz]

Amplitude spectral density [m/v/Hz]

0 2 4 6 8 10 12 14 16 18 20 22 24
Time [hours] from 2015-11-28 00:00:00 UTC (1132704017.0)
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Summary of successes

* Mechanical systems now built work well
* Commissioning path is pretty well laid out
* Basic Control schemes work

* Path to success involves copy/ paste of existing controls
- but you should come work with it.
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Summary of successes

* Mechanical systems now built work well
* Commissioning path is pretty well laid out
* Basic Control schemes work

* Path to success involves copy/ paste of existing controls
- but you should come work with it.

Challenges

e Tilt - horizontal coupling

* Wind induced tilt

 Earthquakes

e Differential motion between platforms
e HEPI structure resonance

* Alignment changes

G1601604 47



L . o . advancedligo
Tilt-Horizontal coupling *“**™

* Horizontal accelerometers can not distinguish between
Tilt and horizontal acceleration

~__ seismometer

Horizontal Acceleration  or Tilt?
relative response scales as g/W"Z, Response of a hypothetical 1 Hz seismometer
so tilt coupling dominates at low
frequency. translation response
(h) () _ 8
x o [ x ' —-—-0
m S 2

If you follow the sensor signal, then
tilt -> real translation-> excess rms

magnitude of TF (e.g.V/m, V/rad)

| |
05Hz 1Hz frequency
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LSC . o . advancedligo
B Tilt-Horizontal coupling *“**™

* Horizontal accelerometers can not distinguish between
Tilt and horizontal acceleration

* Trouble below 0.1 Hz almost always can be traced back to
tilt-horizontal coupling.

* Hard to diagnose - because the sensors are always suspect

[1132704017-1132790417. state: IST ODC]
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LSC . o . advancedligo
B Tilt-Horizontal coupling *“**™

* Horizontal accelerometers can not distinguish between
Tilt and horizontal acceleration

What can be done!?

|. Measure the tilt and subtract it from the ground sensor.

- Krishna Venkateswara built & installed inertial rotation sensors -
called the Beam Rotation Sensors (BRS) see G1600451

2. Reduce the amount of slab tilt
- Biggest source of tilt is local building tilt driven by the wind.
Current topics:
Measure and subtract the ground tilt using the BRS
Look at IFO signals at Hanford vs. wind and control tuning
Design buildings which tilt less
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Lancedige YViINd speed distribution

~
PERCENTAGE OF HOURS IN WHICH HOURLY MAXIMUM WIND SPEED EXCEEDED BIN VALUE
(2004-2012, 218 DAYS MISSING FROM THE 8-YEARS)
AVERAGE OF CS, EX, & EY
100.00%
100.00% -
94.71% . L
Margarlta\/|dr|0, LHO Iog |2996 Little increase in ground
90.00% - — motion
Significant increase in
80.00% - ground motion
” Wind causes trouble when
€ 70.00% -
< % o .
& 65.14% speed > |0m/s, about 15% of the time
-
E 60.00% -
Ll
Ll 3 . .
E o0 - Small reduction in speed or coupling
S 20.65% = big reduction in trouble time
2 40.00% -
[
2
o
wi 30.00% - 25.46%
20.00% - 15.09%
o | 8.84%
10.00% 4.87% oo
° 1.33% 0.67% 0.36% 0.22% 0.12% 0.08%
0.00% - - - - - . ' - . - .
>0 m/s >2m/s >4 m/s >6 m/s >8m/s >10 m/s >12m/s >14 m/s >16 m/s >18 m/s >20m/s >22 m/s >24 m/s >26 m/s >28 m/s
> MPH >4.5 MPH >8.9 MPH >13.4MPH >179MPH >224MPH >26.8 MPH >31.3MPH >358 MPH >40.3 MPH >44.7 MPH >49.2 MPH >53.7 MPH >58.2 MPH >62.6 MPH
WINDSPEED (m/s or MPH)
_/




LSC advancedligo
LSC) Wind moves the building e

Ground motion signal in Y, Nov |16 with strong wind
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LSC . advancedligo
LSC ) Beam Rotation Sensor "™

Autocollimator

Ground ftilt is measured by measuring angle between
ground and low frequency beam balance.

Horizontal acceleration can be rejected by locating center
of mass at the pivot.
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LSC . advancedligo
LSC ) Beam Rotation Sensor "™

Autocollimator

Ground ftilt is measured by measuring angle between
ground and low frequency beam balance.

Horizontal acceleration can be rejected by locating center
of mass at the pivot.
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LSC . advancedligo
LSC ) Beam Rotation Sensor "™
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advancedligo BRS data

%10 Sensed gnd X
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. T240X as disp, loud v. quiet
advancedligo P d _

5 o _ ffff;f:;."ff”ifffff —MEDIUMWIndE

motion ASD, m/rtHz

freq (Hz)

o —BRS as dlsp HIGH wind §
|——BRS as dlsp MEDIUM W|nd

motion ASD, m/rtHz

freq (Hz)

SEl log 602, Oct. 30,2014.BTL on Krishna's BRS data from EndX



advancedide Corrected motion w/ BRS

10"

motion ASD (m/rtHz)

Corrected horizontal motion

..............................................................

——corrected X, HIGH wind
—T240X, MEDIUM wind

—T240X, HIGH wind

—— corrected X, MEDIUM wind |
- - -BRS noise .
- - -T240 noise

i P
created by process_gnd_tilt3 on 30-Oct-2014
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Building details matter

Ground motion signal in Y, Nov |16 with strong wind
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Ground Tilt
depends on position

Red position has ~ |0x more than
green position.

Likely due to building shape, and
distance between walls and sensor

LHO studying wind fences »

O
oo&'s
Rl--.- Corner station P mme

Imagery ©2016 Google, Map data ©2016 Google Terms Send feedback 100 ft b o

sensor locations are approximate

LIGO-India should make a better

<5 P A end station.

=y , - :

o 9 e @ VWhat are the statistics for wind at
£ o ' your site?

=

S 3.

Imagery ©28116 Google, Map data ©2016 Terms Send feedback 0TS~y
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Airflow past End-Y e

Impact of “Bluff Body”
buildings on airflow.
The wind shakes the building

11.997
11.140
' 10.283
9.426
8.569
7.712
6.856
5.999
5142
T 4.285
3.428
2571
1.714
0.857

i “spaghetti plot”

9.426
8.569
17112
6.856

5.999
5142
4285
~ 3428
257
1.714
0.857
0
Velocity [mis]

CutPlot 1: contours
Flow Trajectories 1

CFD simulations by lan Gomez ¢ ¢o1604 1



X
windfence picture and plot from WeatherSolve.com A AR Al

PNWO0005

against

Wind Fences

Windbreaks control the amount of “crashing down and in” by letting a little wind flow through. The wind
flowing through holds the faster (deflected) wind away for a few hundred feet. This lets the winds merge
together again more gently with less turbulence.

The effects are shown in the drawing which shows a side view of a well-designed windbreak and the
windspeeds around it.

g [ 120 % plus
"] 100 to 120%

| 80 to 100%

g [ 60 to 80%

B 50 to 60%
y 4 =4 Il 40 t0.50%
&5 [ 300 40%
il [] 20 to 30%
M below 20%

A Pacific Northwest Extension Publication

} Washington State University ¢ University of Idaho e
1 Oregon State University

0 100 200 300 :100 500 600 ft
Windspeed behind a 50ft hlgh windbreak (as percentage of incoming speed)

62



http://WeatherSolve.com

X
windfence picture and plot from VWeatherSolve.com

D

PNWO0005

TR N,

Wind Fences

Windbreaks control the amount of “crashing
flowing through holds the faster (deflected)
together again more gently with less turbulefRe==
The effects are shown in the drawing which
windspeeds around it.

[] 60 to 80%
B 50 to 60%

i Bl 40 10 50%
[ 30 to 40%
[ ] 20 t0 30%
M below 20%

A Pacific Northwest Extension Publication

Washington State University ¢ University of Idaho e
Oregon State University

0 100 200 300 400 500 600 ft
Windspeed behind a 50ft hlgh windbreak (as percentage of incoming speed)
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Bu||d|ng at End- advancedligo

Wind rose from Pasco Airport, T TR

placed on the LHO End-Y building oe i e

K = %
The strong winds come from the SW /7 / ST T \ A\
/S g * p o * b \\% A\
and blow along the arm 2/ § VR T T \ A\

Can we/ Should we install a wind fence at LHO? creoteos &



LSC advancedligo
LSC) Earthquakes e

What can we do to make the IFO more resistant to teleseismic
earthquakes!?

USGS network allows us to predict the arrival of the various
waves at the site.

Guardian allows us to change the mode of the detector
(e.g. high noise, high range)

Might have a manual system up by O2.
- Terramon alerts the operator of impending shake
- operator can use guardian to switch modes

Good models of ground motion, seismic system,
and SUS would help this
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StI’UCtU re resonance

Aty THE HPLITMY BLND LIC _\_[\IIJH LIISLGNDSTSITMY \_u 15 .

floating L1:HPI-ITMY BLND L4C Y IN1_DQ / LEASI-GNDSTSITMY Y DQ [ {1 EEEH EXEEERE
Hn:.\ulln,c, L1:HPIITMY BLND _LAC Z_IN1.DQ / LLISI-GNDSTSITMY ZDQ CIIIIIIIING
locked LI:HPIITMY BLND LACXIN1.DQ / LEISI-GNDSTSITMY X DQ [, ..

lex ».nlnnn\n_mu_uc_\_x\ul / LEISI-GNDSTSJITMY \_n« SEssazeas

locked L1:HPI-ITMY BBLND LAC_Z IN1-DQ ' L1IISLGND.S STSITMY ZDQ oo REEEE PR R S
y y |

1 10 100
Frequency (Hz)

Sensors on stage 0 move more than
the floor at 8 Hz/ || Hz

floor G 1400858, G 1401167,
\ 4 sensor 7 L. Nuta||,T. MaCDonaId, C. Collette G1601604 66




advancedligo

Stage 0 structure resonance

Unconstrained flexibility of stage O structure, particularly in the radial direction
compromises HEPI stage and adds motion near |10 Hz.

LIGO-India should address this.

HEPI actuator

Sensor G1601604 67




LSC . advancedligo
LSC) In Conclusion )

Seismic System works well.
It is complicated overall, but each part is reasonably simple

We have commissioned these for 20 chambers,
and we're pretty good at it.

You should come work with it.

It is just a part of the big system,
we are still learning about the integration.

Several challenges remain, you can help
LIGO-India facility can be better than LHO and LLO facilities.

G1601604 68



LSC . advancedligo
LSC) to consider ’

wind - fences
wind - building shapes
HEPI stage 0 resonances
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Building at End-Yy =i

W v 350 $C 10 _x—“—'"'"’--»'!_’vé'

Wind rose from Pasco Airport, PR e S

sl o

placed on the LHO End-Y building 2 TR

The strong winds come from the SW S CN\ AL/ %
and blow along the arm N/ R I NS
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wind rose generated from http://arp-govcloud.jvs.aero:8080/windRose/ airport is KPSC, EY image from Google G1601604 70
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LSC . . advancedligo
LSC ) Installation into Enhanced feneedie

Assembling HAM6-ISI
for Enhanced LIGO

HAM6 ISI mstalled

supporting the
Output Mode Cleaner
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In-vacuum
Seismic Isolation
platform

LSC . advancedligo
LSC ) Pendulum Suspen<™ a g

Suspensions material from N. Robertson, GEO600, and the SUS team

Multiple-pendulums
for control flexibility &
seismic attenuation

Each stage gives ~1/f2
isolation above the
natural frequency.

More that le6 at 10 Hz.

Mirrors are synthetic fused silica
40 kg, 34 cm diameter, 20 cm thick

Quadruple pendulum
test mass suspension

Drawings courtesy of Calum Torrie and GEO600
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In-vacuum
Seismic Isolation
platform

Suspensions material from N. Robertson, GEO600, and the SUS team

LSC . advancedligo
LSC ) Pendulum Suspen<™ a g

Multiple-pendulums
for control flexibility &
seismic attenuation

Each stage gives ~1/f2
isolation above the
natural frequency.

More that le6 at 10 Hz.

Mirrors are synthetic fused silica
40 kg, 34 cm diameter, 20 cm thick

Quadruple pendulum
test mass suspension

Drawings courtesy of Calum Torrie and GEO600 Silicate bonding creates a m0n0|ithiC ﬁnal Stage
Gl1601604 73



Drawings courtesy of Calum Torrie and GEO600



advancedligo

G1601604 75



2 styles of cha

Support all the in-vacuum [IFO optics

-Large optics in BSC chambers
-other optics in HAM chamber
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Blending sensors

90 mHz Blend for Stage 1Y

——CPS | |
——T240| |
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Blending sensors

compares Blends for Stage 1Y
T ! L ! L ! o ! !
——CPS - 90mHz
Inertial - 90mHz
- — CPS-45mHz |/
— — Inertial - 45 mHz

1 1 L1 1.1 I
quite90 on 18-May-2016

t_45_vs_

created by plof

31601604 80



advancedligo

https://alog.ligo-wa.caltech.edu/aLOG/index.php!?
callRep=27170
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advancedligo

Imagery ©2016 Google, Map data ©2016 Google 200 ft Gl1601604 83
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