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0. Major Changes since DRR

o SUS task re-defined to deal with assembly and installation
of large optics suspension.
Derivation of requirements clarified.
Actuator range expanded to deal with the noisier Louisiana
site.

Incorporated Braginsky's suggestions to some extent: weld-
ing and annealing instead of bolting.
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1. Requirements

o Flowdown
o Each item

> >(Top) level Requirements

> > Derivation

) ) Required value
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Requirement Flowdown
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Requirement Flowdown
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(Top
Range of Actuator

Level Requirements & Derlvation)

o Top level requirements
))Continuous operation of the LSC system

) )Smooth acquisition of the LSC system

> ) Proper initial alignment

) )Continuous operation of the ASC system

o Derivation
) )Cover micro-seismic peak (2 pm)

> >Assume plausible frequency dependence of the driver --- noise at 40 Hz
>>lmpose stack transfer function on sEl (see sEl DRD)

) )Assume designed pitch/yaw f requency for orientation range
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Range of Actuator
(Requirements)

Table 1: Requirements of the suspension actuator range.

Mode DC Peak-to-
Peak Motion

Weighting Function

Displacement Operation B0 mmoo
0.15 Hz

1-1

40 Hz

Acquisition B0 mmoo
1

Orientation 2 mradoo
0.1 5 Hz

1-1

4O Hz
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Ouality of Damping

o Top level requirements
> )Stable operation of the LSC system

>>Smooth acquisition of the LSC system

>>Negligible up-conversion noise of the spurious interferometer
o Derivation

))Best we can do --- Sensor noise at 40 Hz, phase detay around a few Hz
>)lmpose stack transfer function on SEI

o Requirement
) )The residual Q must be less than 3.
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Unbalance of Actuator

o Top level requirements
>>Smooth transition of the LSC system from acquisition to operation mode

o Derivation & requirements (TBD)
>>Depending on ASC baseline

> >Without optical lever < -1o/o
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Noise Criteria

. LOS1/LOS2
) )6"ru < SRD (Seismic Noise, Thermal Noise)

,t6rru < 1A/" of SRD (Other Noise)

-sRD: LlGo displacement sensitivity clefined in sRD

O SOS
) )I 6"Hrtc < FN

-FN: Required MC displacement noise (lOO - LSC)
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Transfer Function of Suspension
(Top Level Requirements & Derivation)

o Top level requirements
> >Seismic noise must meet SRD

o Derivation
> > Either Tnn or Tuu is dominant.

))lmpose 10% of them on others

>)lmpose stack isolation requirement on SEI (See SEI DRD)
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on of Suspension
Derivation l)

Transfer Functi
(Detailed

o Tr.'t't

>>6xop,r, x Tr,r, < SRD (LOS1/LOS2)

-6-rop,h: Horizontal motion of optics platform

>>6xOp,r, x Tnr, < 1O/" of FN (SOS)

o Tnp

) >d x Tnp < 10"/" of T55

-d: Beam spot offset, d = 1 mm (Los1/Los2),d= 3 mm (sos)
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Transfer F;fer Function of Suspension
(Detailed Derivation I l)

ti

)

o Tuu

>>6xop,u X Tuu x (3x1 O-4) < SRD (LOS1/LOS2)

-6"oqu: Vertical motion of optics ptatform

>>6xop,u X Tuu x (3x1 O-4) < 1O/" of FN (SOS)

o Tvn

> >Tvh < 10/" of (3x10-4) X Tuu

o Tup

) )d x Tup < 10"/" of (3xl o-o) x Tuu

-d: Beam spot offset, d = 1 mm (Los1/Losz),d= 3 mm (sos)
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Function of Suspension
(Requirements)

Transfer

Transfer
Function

To
Horizontal (m) Vertical (m) Pitch (rad)

From

Horizontal (m)

Hz

. (?)' m/m

fp = 0.74 Hz
(LOS1t2), 1.0
(sos)

Trivial
rf n,2. ""lfj radlm

o( - 100 (LOS112),
30 (sos)

Vertical (m)

2
ml.(?)( 3xto-5

m

,f.,.,2. [iJ m/m

fv = 13 Hz (LOSI/
2), 16 Hz (SOS)

rt r,r,2. o"[iJ rad/m

F=gx1o-2
(LOS 1t2),

1 x 1o-2 (sos)

Table 2: Requirements of the transfer function of the suspension system.
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Resonance of Suspension
Support Structure

. Top level requirements
>)Seismic noise must meet 10% of SRD above 40 Hz

. Derivation
))Best we can obtain with practical design

>tlmpose stack isolation requirement on SEI

Table 3: Requirements lor resonances of the suspension support structure.
Mode LOSl/LOS2 SOS

Resonance Frequency > 160 Hz > 150 Hz

O < 300 < 300
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Mechanical Loss
(Top Level Requirements & Type)

o Top level requirements
) )Thermal noise must meet SRD (LOS1)

> )Thermal noise must meet FN (SOS)

. Type of Mechanical Loss
) )structural loss of the suspension penduluffi, pitch/yaw, and vertical mode
) )structural loss of the mass internal mode due to the suspension

attachments

-Question: Are they really structural loss?

>>Eddy current loss of the suspension pendulum mode due to interaction
between the suspension attachments and the external components.
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Mechanical Loss
(Allocation)

Table 4: Allocation of mechanical loss of the suspension system.
Loss Type Allocation (in amplitude)

Damping
Mechanism Mode LOSl sos

Structural (Loss:
frequency inde-
pendent)

Internal Mirror < SRD < 70"/" of FN
Pendulum < 1O"/" of SRD < 2O"/" of FN
Pitch/Yaw < 10/" of SRD < 20"/" of FN /

< 10"/" of FN
Vertical < 10o/" of SRD < 1O/" of FN

Eddy Current
(Loss: linear to
f requency)

Pendulum < 20^/o of SRD < 7O"/" of FN
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Mechanical Loss
(Derivation)

o Internal Mechanical Loss
>>Method used in Gillespie & Raab's paper

) >Adjusted to 1 .06 prm

. Pendulum, Pitch/Yaw, Vertical, and Viscous Loss
) )General Equation:

2

iz,r, 4kBT o:oq(f)
/a \I/ 

-;:_
\-/ M 

rot(rfr -*')'-rtq'(f)l
) )Misalignment of 3x1o-+ 1los1/Los 2 & sos)
>>Beam spot offset of 1 mm (Los1/Los2) and o mnr (sos)
))Half breaking strength load
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Mechanical Loss
(Requirements)

Table 5: Requirements of mechanical loss of the suspension system.
Loss Type Loss

Damping
Mechanism Mode LOSl SOS

Structural (Loss:
frequency inde-
pendent)

Internal Mirror -'74x10 ' -5lxlO "

Pendulum < 7xl0-6 < 5xl0-6

Pitch/Yaw ( 5x to-o l< gxlo-a ( 3xl o-a I < gxto-s

Vertical _?
3xl0 " _)

7xl0 -

Eddy Current
(Loss: linear to
f requency)

Pendulum ( sxto-7 at 1 00 Hz
( 6xto-e at 0.74 Hz

( 6 x ro-' at 100 Hz
1<6x10-'at1Hz
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Control Noise
(Top Level Requirements & Derivation)

o Top level requirements and derivation
))LOS1/LOS2 tTh of SRD

) >SOS: 10"/" of FN
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Control Noise
(Requirements)

equirements o control noise per mass.

Mode
Control Noise

tJv'allul'loL 
I

Displacement ( 5 x 1o-'o 
" (ry)z ^/ JH, l2xro-'n. (ry)'*, JH,

(f < 100 Hz)

l zxro-'n. (U?!u)o'^t Jn,

(f > 100 Hz)
Pitch/Yaw 1 2xro-'t 

" (ry)?,ad/ JH, 6 x ro-'7,. (1-Qfl_1)2,ad/ JH,

(l'< 100 FIz)

6 x ro-r7 
" (ry)os,ou Jn,

(f > 100 FIz)
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Other Noise Sources

o Stray light shield
) >TBD

o Excess noise
) >TBD

' Noise from external AC magnetic field
) >TBD
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Size Constrai nts
(Optics)

Table 7: Size and optical clear aperture of suspended components.
Physical
Quantity LOSl LOS2 SOS

Diameter of Suspended
Component

25 cm 25 cm I 2$cm
TBD

7.62 cm

Thickness of Suspended
Component

10 cm 4 cm / 6cm TBD 2.54 cm

Weight of Suspended
Component

10.7k9 4.3 kg I 8.1 kg
TBD

0.25 kg

Required Optical Clear
Aperture

24 cm (Fore)
19 cm (Back)

11 cm TBD 2cm

Wedge Angle of Sus-
pended Component

Maximum 3"

Vertical TBD
Maximum 3.

Vertical TBD
TBD
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Size Constrai nts
(Beam Height)

Table 8: Beam height for chambers.

Physical
Quantity

BSC Chamber HAM
Chamber

Test Mass Beamsplitter
Beam Height TBD TBD TBD
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2. Preliminary Mechanical Design

o Introduction
. Design overview

' Detailed description of each component
o Fixtures
o Installation
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Design Philosophy

o Meet Requirements
o Reliability
o Simplicity
o Tractability
. Safety
o As little excess noise as possible
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Design Type

o Design for LOS1 and SOS
) )Assumed wedge angle: 3' vertical thick side up (LOS1)

o'(sos)
o LOS2: Similar to LOS1 except size TBD
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LARGE OPTIC SUSPENSION
,WITH HEIGHT ADAPTI'R

ISO VIBW

t

Ilead Holder .-.

Safety Stop

I
-.- Height Adapter

Suspension
Support Structure

Stifl'ening
llar
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LARGE OPTICS SUSPENSION
WITHOUT RIGHT LEGS, OIynC, STIFFENERS

ISO VIBW

Srrspension
Wire

Stiffening
Bar

Suspension
lllock

--/

Wire Guide
Crescent

Sensor/Actuator
I'Iead

o/

Head llolder

' .Sensor/Actrrator

Head

.Safety Stop

Safety Cage .. . -
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LARGE OPTIC SUSPENSION
WITII IIEIGHT ADAPTEN,

I'RONT VIEW
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LARGB OPTICS SUSPBNSION
WITIIOUT RIGIIT LIIGS, Ot flc, sTtrrFlrNtills

FRONT VIEW
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LARGE OPTIC SUSPENSION
WITH HEIGHT ADAI|,I'ER

SIDE VTEW

q_ _l

i
!
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LARGE OPTICS SUSPIINSION
WITHOUT RIGHT LEGS, OPTIC, STIFFBNERS

SIDE VIEW tq,' , -

tr .tt'.1
lr'

F-l

ifqW,":;*ii
lif,r.f,-;,fts',u
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DESIGN OVERVIEW

The suspension assembly is held together by a suspension support
structu re.

The optical component is suspended by a single loop of wire from a
suspension block (and a wire guide crescent for LOS1 ) with wire stand-
offs and guide rods between the suspension wire and itre component.
The optical component is damped and actuated by sensor/actuator
heads and magneVstandoff assemblies.

The optical component is protected during operation or held during
transfer by a safety cage and safety stops.

The suspension support structure is strengthened by stiffening bars to
increase its resonance frequencies.
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SUSPENS ION CON FIG U RATION

Physical

Quantity

Specification

LOS 1

TM)
SOS

(MC mirro)
Pendulum

Frequency
O.74 Hz 1.0 Hz

Pitch

Frequency
0.6 Hz 0.85 Hz

Yaw

Frequency
0.5 Hz O.75 Hz

dpendulum 45 cm 24.8 cm
dcvr 2.0 mm 0mm
dpitcrr 8.9 mm 0.9 mm
du"* 33.5 mm 15.7 mm
dstandoff 2.8 mmD 1.0 mmD
dmarqin 1.1 mm 0.8 mm

LtGO-G960136-00-Dtrre,Nl
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SUSPENSION SUPPORT STRUCTU RIi
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NOTES. UNLESS OTHERI/'ISE SPEC IF I ED:
l. ALL DTMENSTONS lN |NCHES.g) IABqL BEG|NN|NG ANo END OF COIL.
€| SoLDER wTRES TO LED AND PHOTODTOOE

LEAD IVIRES. CHECK THAI LEAD WIRES

^ 4gE ION-MACNETIC BEFORE SOLDERTNG.
€) postTtoN LED USTNG SENSOR,/ACTUATOR

TOOL , P,/N 0950 | 26-00.(t wtND MAGNET W|RE AS TO F|LL
VOLUME AS SHOWN, I.OI3 OD MAX.(q) BOND LED AND PHOTOOTODE TO
SENSOR ACTUATOR HEAO USING A
MINIMUM OF VAC SEAL EPOXY.posl r loN pHoroo I oDE FLUSH- 161 _iGl

SECT ION B-B

NOT TO SCAL E

i

SECT I ON A-A
SCALE 2: 1

r,ffi%

==

I t 
^n 

4trdt^ tEttrut: t taogcr
L I \r\J Mqrlt t[trErt d rtoad

40 of 96
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MAG N ET ISTAN DO FF ASS E M B LY

Magnet

) )Material: Nd:Fe:B (NEO-3S, Curie temp 337 degrees C)

) )Dimensions: 1.9 mmD x 3.2 mml [0.07S"D x 0.125"L]

Standoff

) ) Material: aluminum

) )Dimensions: 1.0 mmD x 2.O mml [0.04"D x 0.09,'L]
except for side standoff on LOS1: 1.0 mmD xB.2 mml [0.04"D
x 0.13"L]
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LARGE OPTIC SUSPENSION

BACK VIEW
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SUSPENSION FIBER

o Type: Steel music wire
o Density:7.8 g/cm3
o Diameter: 0.044 mm for SOS

0.31 mm for LOS1
o Ultimate Tensile Strength: 0.S kg for SOS

21 .4 kg for LOS1
o Yield strength:75"/" of Ultimate Tensile strength. Violin Mode Frequency: 660 Hz tor SOS

340 Hz for LOS1
o Vertical Frequency: 16 Hz for SOS

13 Hz for LOS1
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WIRE STANDOFF AND GUIDE ROD

0. 012" Wire

Wire Standoff

g0'
R .003"
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SAFETY CAGE AND SAFETY STOPS
(V|EWGRAPH 2e AND 30)
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Excess Noise Treatment
(per V. Braginsky Concept)

. Bolts eliminated from LOS1 suspension support structure
) )Structure to be welded and annealed.

' Bolts or clamps needed to attach height adapter to suspension structure and to
optics platform.

) )cone-anticone method: Nor adopted because of concerns with wobblingr, adjustments and
excess cost.

) )Alternative: suspending LOSl suspension assembly from optics platform using cone-anticone
connection at the lower end and bolts at upper end.

. Wire positioned by wire guide crescent
) )Cone-anticone method: NOT adopted because of above concerns.

) )Alternative: remove suspension block and clamp and attach wire to itself or to the wire guide
crescent using adhesive or solder.

. Conventional wire standoff
) ) Parallel line contact but wire is close to plastic deformation

) )Alternative: redesign wire standoff and/or wire to provide area contact.
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WIRE AND OPTICS FIX'I'UIU.]
ISO VIBW

48 of 96 Ltco-c960136-00-D



WIRE AND OPTICS FIXTURB
FRONT VIEW
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WIRE AND OPTICS FIXTURE
SIDE VIEW

F
t
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WIRE AND OPTICS FIXTURN
WITHOUT OPTIC

ISO VIEW
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ttEcIRor I c
I EV€LER

I. LEVEL OPTICAL TABLE
FO +/- lO MTCRORAD wtTH
RESPECT TO LOCAL GRAVITY.

FRONT VIEW

2. A.DJUST THE LASER SO THAT
THE BEAM IS PARALLIL TO THE
TABLE USINC A OUAD CEI.L AT
POS|TION fl AND POS|T|ON 12.

FRONT VIEW

TOP V IEIV

FRONT VIEW

3. USING A OIJAD CELL
POSITION THE OPTIC AI
THE DES I RED ANGLT .

X.Y.Z
TnANStAT tON

SIAGE

Ff rQ tawr ravarai
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CHANGES TO LOS1 FOR LOS2

o Change Top Assembly Drawing
) ) New part number

o Change Structure Assembly Drawing
) ) New part number

) ) New bracket part numbers

) ) Define new welding positions for brackets

) > Add new welding brackets

o Change LOS Bracket, Safety Stop, Top, Back
) ) New Part Number

) ) Reduce Length
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LOS1 TO LOS2, CONT.

o Change LOS Bracket, Safety Stop, Top Front
) ) New Part Number

) ) Reduce Length

o Change LOS Bracket, Safety Stop, Bottom
) ) New Part Number

) ) Reduce Length

o Design New Welding Brackets

o Change LOS Leg
) ) Define new position for chamfer stop cutouts
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INSTALLATION TYPE

Table 9: Suspension assembly installation type.
Suspension
Type

LOS 1/LOS 2 LOS 1 SOS

Chamber Type BSC HAM HAM

Installation
Optics Platform

Optics Platform Optics Platform

LIGO-G960136-00-D56 of 96



3. Mechanical System
Design Match to Requirements

o Tiansfer function of suspension
o Resonance of suspension support structure
. Mechanical loss
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Transfer Function
(Tr-'f-' and Tuu)

o Tr',rt

> )Pendulum frequency: 0.74 Hz (Los1), 1.0 Hz (soS)
>>Meets Tr,r, .1trtt)2

o Tuu

>)Vertical frequency: 13 Hz (Los1), 16 Hz (sos)
) ) Meets Tuu . lfultyz

LIGO-Ge60136-00-D58 of 96



Transfer Function
(Tr,.'p)

10'

1oo

c
E 10-'

1 o-o

1o-u

LOSl

Req: 0.01xT60 . 1trtt)2

1 o-t
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Transfer Function
(Tur')

o DC force variation due to vertical motion of coil
> >Negligible

o Probably meets Tv5

LIGO-G960136-00-D60 of 96



Transfer Function
(Tup)

1oo

1o-'

c
E 10-'

1 o-u

1o-t

LOSl

Req: 0.01xTvp < (3x10-a) x (fult\z

Mgr

*/

-t10'
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Resonance of Suspension
Support Structure

o FEM analysis
Req: > 160 Hz

o Measurement -> 160 Hz (SOS)
Req: > 150 Hz

o Q: To be measured
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Mechanical Loss
Estimate

. Wfeasurement
> >40m TM

> > Pathfinder

> > Eddy current

. Scaling
>>Pendulum to violin: 1 to 2

))Pendulum loss: d2 . M-0.5 . ;-1

> )Pitch to pendulum: dpendurum to 2(dpitch - dcr,rr)

) )Vertical loss: constant

63 of 96 LIGO-G960136-00-D



Mechanical Loss
(LOS1)

Table 10: Estimates of mechanical loss of the LOS1 suspension.

Mode Derivation Estimates
Requirem

ents
Allocation

%SRD

Internal M(Subst. + Wire Standoff)
M(40m TM + Magnet) -> -s

_,7
3.7x l0 ' ( 4x10*' 100%

Pendulum M (Yiolin) -> S 6.3x10-6 < 7xl0-6 10%
Pitch Pendulum -> J 2.lxl}-a _A( 5xl0 10%
Yaw Pendulum -> .9 small < 8xl0-a 10%
Vertical M (4Om TM) -> -t 2.5x10-a

_?
3xl0 " 10%

Eddy Current
Pendulum

ert (10 g Mass + Mag. + Al)
->s

5x10 
e 

?

at 0.74 Hz

< 6x10-e

at 0.74 Hz

20%

LIGO-G960136.00-D64 of 96



Mechanical Loss
(sos)

Table 11: Estimates of mechanical loss of the SOS suspension.

Mode Derivation Estimates
Requirem

ents
Allocation

%FN
Internal M(4Om TM + Magnet) -> S 8.lxl0-b _\

I xlO " 70"/"
Pendulum LOS1 Pendulum -> J l.5xl0-6 < 5x10-6 20%
Pitch Pendulum -> -g 2.Ixl}-a 3xl0-a 2O"/"

Yaw Pendulum -> J small 9x10-s 10%
Vertical M (40m TM) -> .t 2.5x10-a

_1TxlO' 10%
Eddy Current
Pendulum

M (10 g Mass + Mag. + At)
->J

5.9x l0-7

atl Hz

_7
6x l0

1Hzat
70%
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4. Sample Control Design
(Mainly for LOS1 ) 

\

o Framework
. Mode of operation
o Electronics configuration
o Output driver
o Control system
o Cross-coupling
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Framework

I

I
I

LSC/ASC/IOO Signat
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Mode of Operation

Normal mode

Undamped mode
) >for TM in operation mocle

) )for side for test

High gain mode
> >To prevent a large motion of the optics f rom external disturbances
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Sample Electronics Configuration

LSC/ASC/tOO
Signal

,OJ

LED pr
,OJ

Coil

Coil

Side

LtGO-G960136-00-D

LED =rro$
LED rz
,OJ

LED sr
,OJ

LED =r

Side
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Sample Output Driver

LSC Signal

Damping

. No pick-up current in the coil.

. No dragging the mass by vibrating coil

. No pick-up voltage in monitor signal
o Suppressed noise produced befo re Zs
o Large dynamic range

' Smooth switching between acquisition and operation mode

t'nni' 
I

Coil \ r-l-ruil
Test Mass
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Sample Control System

Force
(Torque)

Feedback Force
(Feedback Torque)

Driver Noise Sens
1
or Noise

LIGO-G960136-00-D

Displacement
(Angle)
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Sample Control Pa rameters

o sensor: 2x1o-2 Nm each, Actuator: 2x10-2 N/A each
o Pendulum (@ DC) x Sensor x Electronics (@ fo) x Actuator = 1

Table 12: Sample control parameters for each degree of freedom for LOS1 .

Degree of
Freedom

Resonance
Frequency

f s(Hz)

Pendulum
(m/N or
rad/Nm)
@DC

Sensor
(Nm or
A/rad)

Electronic
(NA)

@ fsHz

Actuator
(N/A or
Nm/A)

Position 0.74 -'{4.3 x l0 -'
8.0 x l0-2 3.6 x l0a 8.0 x l0-2

Side 0.74 4.3 x l0-3 2.0 x 10-z 5.8 x 105 2.0 x l0-2
Pitch 0.60 1.4 6.8 x 10-3 1.5 x 104 6.8 x l0-3

Yaw 0.50 2.0 6.8 x l0-3 l.l x l0a
_?

6.8 x l0 -'
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Cross-coupling

Torque (Nm)

1.1e4
A/A

@ 0.5 Hz

Pendulum

Yaw Main Path (Groop= 1 @ 0.S Hz)

Actuator Electronics Sensor

0.13
Nm/N =Ju;=1.,--l-'fff.--]l--.r i

(N)l N/A 
lr 

(a)l o os H. |, rol I l',.,1"-'lii;LSHJ*'

Spurious Path via Side (G roop = 5.3uF)

1

LIGO-G960136-00-D

o 5.3xo(,xp
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5. Control System
Design Match to Requirements

o Damping
o Sensor Noise
. Driver Noise
o Range
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Damping

1ot

1oo

c

E 10-'

1o-o

1o-u

LOSl

Hz

Damping force: -k (i<2-lr )
LPF: Chebyshev (1dB) 10 pote @ 12 Hz

1 o-t
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I
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rtl
ltl

J_IJ
rtl
ltl
ttl
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ttt
ttt

rtl
tll
ttl

_r_tJ
rtl
rtl
ttl
trl*r-r-l
rtl
ttl
ltl

rttl-l -t-t-l
lttltrllrttl
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-l

I

I
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I

I
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I
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I

I

I

I

I
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I

i
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Sensor Noise

o Displacement Noise = Sensor Noise x Loop Gain (at 40 Hz) x Coupling

Table 13: Sensor noise for each clegree of freedom.

a.Average effective sensor noise per channel.
b.LPF: Chebyshev (1dB) 10 pote @ 12Hz

LIGO-G960136-00-D

Degree of
Freedom

Sensor Noisea
(m/rHz or
rad/rHz)

Loop Gainb
@40H2 Coupling

Displacement
A/oise @ 40

Hz
(m/rHz)

Position 1.0 x l0-'u 7.0 x 10-'u 1 7.0 x 10-'u

Side 2.0 x l0-to 7.0 x l0-'u < 0.1

Pitch _o1.2x10' 5.7 x 10-to 1mm 6.8 x 10-"
Yaw _ol.2xl0' 4.7 x l0-'o 1mm 5.6 x l0-"
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Driver Noise

' Displacement Noise (@ 40 Hz) =
Driver Noise (@ 40 Hz\ x Actuator x Pendulum (@ a0 Hz) x Coupling

Table 14: Driver noise and the resultant displacement noise for each degree
of freedom.

Degree of
Freedom

Driver
Noisea

@40H2
(NrHz)

Actuator
(N/A or
Nm/A)

Pendulum
@40H2
(m/N or
rad/Nm)

Coupling

Displacem
ent A/oise

@40H2
(m/rHz)

Position -t)lxl0 _)
8.0 x l0 - 1.5 x l0-b 1 l.2xl0-re

Side 2x l0 -12 2.0 x l0-z 1 .5 x l0-6 0.1 6.0 x lo-21

Pitch _t)
I x l0 6.8 x l0-3 3.2 x lo-a 1mm _1 |

2.2 x l0 -'

Yaw _l')lx10 6.8 x l0-3 3.2 x l}-a 1mm 2.2 x 10-2 
|

a.Average effective driver current noise per channel.
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Range of Actuator

o Range = Driver Maximum Current (@ DC) xActuatorx Pendulum (@DC)

Table 15: Range of actuator for each degree of freedom.

Degree of
Freedom

Driver Max.
Current @ DC

(App)

Actuator
(N/A or Nm/A)

Pendulum
@DC

(m/N or
rad/Nm)

Range
@ DC (m*or

radpp)

Position 0.25 ti.0 x l0-Z 4.3 x l0-"r 8.6 x l0-'5

Side 0.25 2.0 x l0-2 4.3 x l0-3 2.2 x l}-s
Pitch 0.25 6.8 x l0-3 1.4

a

2.4x10 "

Yaw 0.25 6.8 x l0-3 2.0 3.4 x l0-3

LtGO-G960136-00-D78 of 96



6. Suspension Test PIan

' Fixturing Tests
o Construction/AlignmenVFit Checks
o Installation Tests
o Frequency/Q Measurements on suspended optics
o Suspension Structure Mode Measurements
o Sensor/Actuator Head Tests
. Demonstration of Local Damping
. Transfer Function Tests
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Fixturing Tests

o Construct fixtures for gluing magnet assemblies and guide
rods

o Construct Al models of Test Mass and Mode-leaner Mirror
. lnstall models with wedge angles properly oriented
o Glue attachments to models
o Evaluate

) )ease of assembly

) )accuracy of alignment

) )quality of glue joints

LIGO-G960136-00-D80 of 96



Construction/Al ig n ment/Fit Checks

o Construct Test-Mass and Mode-Cleaner-Mirror suspension
structures.

o Level optical table for alignment tests
o Suspend and coarse align each model optic by tapping on

the wire standoffs.
o Verify that magnet assemblies align properly with the sen-

sor/actuator heads.
o Perform a fine optical alignment

))Use aPZT buzzer to adjust the position of the wire standoffs

) )measure alignment using the alignment fixture.
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Construction/Al i g n ment/Fit Checks
(continued)

. Adjust alignment to absolute level within tolerance.

. Following alignment, standoffs will be glued in place.

. Demonstrate that components can be dismounted and
remounted into proper opticai alignment.

' Verify that the correct value for dpitch was obtained after glu-
ing. The frequency shall be 0.60 +/- 0.05 Hz.

' Y"jilY that fyaw equals 0.50 +/- 0.05 Hz and fpenoulu, €QU"rs
0.743 +/- O.OO2 Hz.
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Installation Tests

o Following the fine alignment of each model optic, the optic
will be locked in its safety cage.

A removable lifting fixture will be attached to the suspension
structure and the structure will be transported away from
the optical table and then returned to its original position.
The optic will then be unlocked and checked for optical
alignment to within the required tolerances.
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Frequency/Q Measu rements on
Suspended Optics

The suspension development facility will be used to mea-
sure the frequencies and Q's of a suspended TM and a sus-
pended MCM.

Substrate internal-mode Q's for lowest five axisymmetric
modes shall be measured after gluing on all attachments
and compared to requirements.
The violin-mode will be excited and frequencies and Q's will
be measured with the substrate hanging in its appropriate
suspension support structure. Violin-mode Q's for the tow-
est three harmonics of both suspension wires shall be mea-
sured and compared to requirements.
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Suspension Structure Mode
Measurements

Measurements of the mechanical resonances of the sus-
pension structures will be made to compare with the FEA
modeling.

LOS and SOS structures will be bolted to the top of an opti-
cal table. LOS structure will also be tested, bolted upside
down to an optical table. Model optics will be suspended.
Structural resonances will be excited by tapping on the
structure at various spots. The mode frequencies and Q's
will be read out using an accelerometer.

Verify that there are no modes below the gravest mode
specified in the design requirements.
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Sens orl Actuator Head Tests

All coils should measure within +l- 5% of the nominal resis-
tance and inductance values.
The sensor will be tested for operation and alignment of the
LED/photodiode pair. A test fixture will be plaCed against a
sensor/actuator head. The fixture will protrude far enough
into the head to block half of the LED/photodiode pair. ffre
photodiode output voltage will be measured. lt shall be S0%
+l- 10% of the maximum output voltage prior to insertion of
the test fixture.

One actuator coil will be tested in vacuum to establish its
current handling capacity.
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Sensor-Head Test Fixture

sensor/acuator head

el
I

Y

rctuator test fixtu

\

{\

VAmp

LED
power supply

oil
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Local-Damping and rransfer-Function
Tests

o Local-Damping Tests
>)Demonstrate critical damping under local control

- use servo electronics for the beam splitter for the Mark ll interferometer.

-use Aluminum models in prace of optical components.

) ) LOS1 suspension and SOS suspension will be tested.
o Tiansfer-Function Tests

))Measured for LoS 1 suspension and sos suspension.

> > The response of the system will be measured at DC and AC

-show that the specified forces and torques can be applied and no mechanical/
electrical interactions affect the stability of the feedback loop.
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Components and lnstruments for Testing

Test Components to be acquired Existing Instrument

Fixtures for Gluing Attachments Aluminum model optics (TM, BS,
MCM). Sizes are TBD. Gluing fixtures

N/A

Construction and AlignmenVFit
Checks

Optical alignment components - Hg
level. Suspension assembles. PZT
Buzzer.

He-Ne Laser

Installation Tests lifting mechanism Optical tables in S. Annex Building
Frequency and Q Measurements PZT actuator Suspension Development Facility,

accelerometer, HP 3962
Mode Measurements of the Suspen-
sion Structure

N/A Accelerometer, HP 3962, optical
tables in S. Annex Building

Sensor/Actuator Head Tests Sensor test fixture N/A

Demonstration of Local Damping Servo Electronics for Mark ll (minor
modification necessary)

N/A

Transfer Function Tests N/A HP 3962

Feedback from R&D N/A Mark ll .
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7. Future Plan

o Schedule
o Resources
o 40m Suspension
o SURF
o Critical Design lssue
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Overall Flow

Time Now

Oct. 99
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Resources

o Thsk Leader: S. Kawarnura
o Scientist: F. Raab
. Mechanical Design: J. Hazel and D. Coyne
. Control System: J. Heefner and CDS people
o SURF Student: J. Dawid
. ?'2
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Short-term Schedule
(original Date r., To Be Reviewed)

o LOS1 prototype Fab/Test: to Sep. 1 1, 96
) ) Review: Sep. 12, 96

o SOS prototype Test: to Aug. 29,96
)>Review: Aug. 30, 96

o LOS1/LOS?t nal design: to Oct. 22,96
o SOS final design: to Oct. 10, 96

) ) Review: Oct. 23, 96
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40m Suspension Schedule

o Test mass suspension
)>lnstallation of the first set: to Jul. 21, 96

) )Characlerization: to Aug. 21 , 96

>>lnstallation of the remaining sets: ?
o BS & RM suspension

) )Test (= SOS prototype test): to Aug. 29, 96

))lnstallation of BS: Dec. g, 96

> > Installation of RM: Apr. 11 , 97
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SURF

. Wire material O (Summer 96')
> >Molybdenum, Tantalum, Titanium, Aluminum, Tungsten, Niobiuffi, etc.

>>Replace the steel wire with better one.
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Critical Design lssue

. Range & driver noise
))Gyrator, high voltage, etc.

r>Heating of the coil

. EddV current loss
) ) Use longer sensor/actuator heads and repositioned head holders for Losl .

))lncrease size of support structure to accommodate longer sensor/actuator
heads for SOS for final design.
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