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1

Introduction

1.1 Purpose and Scope

This document describes the assembly and installation procedure for the TransMonSus
(TMS). Open DCC for Latest Drawing Versions and Notes

1.2 References

LIGO-E1100841: TMS Transportation-Installation Restraint Procedure
LIGO-E1000097: ETM TransMon Telescope SUS Installation Plan
LIGO-E1100651: TMS Top Mass Assembly Procedure

LIGO-D1100908: aLIGO TMS TELE-OPT TABLE TOOL ASSY-GENIE FORK
CONNECTION

LIGO-D1101307: TOOLING LAYOUT-aLIGO TMS Telescope Cartridge lift
Safety Supports

LIGO-D1100807: aLIGO TMS TELE-OPT TABLE INSTALL, FRAME-PLATE
ASSY

LIGO-D1101096: aLIGO TMS OPT TABLE-TELE- SUPPORT BRIDGE
CONNECTION

LIGO-D1101095: aLIGO TMS TELESCOPE-SUPPORT BRIDGE
CONNECTION

LIGO-D1101097: aLIGO TMS TELE-OPT TABLE-BALANCE BRIDGE
interface

LIGO-E1200049: aLIGO Transmission Monitor Suspension Installation Plan
LIGO-E1200453: Fine Initial Alignment Procedure of the Transmission Monitor
Telescope

LIGO-T1100600: Requirement For Adjustment Procedure Of Advanced LIGO
Transmission Monitor Telescope

LIGO-T1100603: TMS Telescope Alignment Procedure

LIGO-G1101254: TMSY Telescope focal tuning results.

LIGO-T1100604: TMS Change Suggestions after First Build

LIGO-D1101096: aLIGO TMS OPT TABLE-TELE- SUPPORT BRIDGE
CONNECTION

LIGO-E1200793: aLIGO TMS System Drawing Assembly Tree
LIGO-D1002097: aLIGO_TMS_TEST_MASS_ASEM

2 Preparation

Advanced LIGO has implemented a new Inventory Control System (ICS) which is
designed to record all aLIGO hardware as it moves through receiving, inspection, clean,
bake, storage, shipment, and assembly processes. The ICS is meant to replace the
shipping type paper traveler used in iLIGO. While the ICS is still in final development as
of this writing, the hope is that the engineering teams will be able to utilize ICS to record
many aspects of the lifetime of a part from its initial receipt through the clean and bake


https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=70442�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=10493�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=67067�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=61032�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=61032�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=67155�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=67155�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=60277�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=60277�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62536�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62536�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62535�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62535�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62537�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62537�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=85273�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=91106�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=91106�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=76296�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=76296�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=76387�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=76264�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=76388�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62536�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=62536�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=96004�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=14291�
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processes previously documented in the iLIGO traveler. The sites have dedicated staff to
help with managing the data related to the processing of parts in ICS. Engineering staff
should become familiar with the ICS such that they can utilize it for their own record
keeping and data management. If the ICS fails to facilitate data that you need to record,
process travelers (PT) can be placed on the DCC. In either case, make sure to record all
serial numbers and data in the ICS or the DCC during the following steps.

2.1 Receiving/inventory

2.1.1 Receiving/inventory of metal parts
Upon receipt of shipments of SUS parts, the following steps should be performed:

Basic inspection by the receiver prior to unpacking the shipment (crate damage, etc).
Packing slips should be sent (hardcopy or emailed) to Jennie Murdock at LHO. Person
performing this step should notify site subassembly lead of the shipment arrival.

Inventory Control and inspection performed by ICS person and site subsystem lead as
parts are unpacked. Drawing numbers, serial numbers, and quantities will be imported
into the ICS database via spreadsheet templates (F0900052). This is a good time for
QA/QC and engineering inspections. The following processes can now be recorded in
ICS by grouping the parts into Loads.

Parts get separated into cleaning loads based on their level of cleanliness, and moved to
the appropriate cleaning station.

Parts get separated into clean and bake loads based on their material — see E960022.
Sorting should be reflected in the Load records in ICS, where instructions to technicians
can be added for any special handling or material considerations.

Parts will be processed as per E960022.
Parts will be stored in clean storage areas until assembly.

2.2 Cleaning/Baking

Process all parts except for the Test Masses as Class A per E960022. Test Mass
D1002097 is to be processed as Class B, since it is used as tooling and will be removed.
All Parts should be processed as Class A or B prior to Helicoil installation.

2.3 HeliCoils

Install all the HeliCoils in all the parts and make sure they are free running and not cross
threaded, remove the tangs. Perform HeliCoil inspections as per the instructions listed on
the Advanced LIGO HeliCoil Wiki page for installation and inspection.

3 D0901880: aLIGO AOS Transmission Monitor System
Assembly Overview


https://awiki.ligo-wa.caltech.edu/aLIGO/HeliCoils�
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3.1 TMS Principal Assemblies

The Transmission Monitor Suspension (TMS) is an in-vacuum component that is located
behind the ETM (End Test Mass) and is mounted to the internal seismic isolation (ISI)
optics platform inside the BSC, as shown in Figure 1. The TMS Telescope reduces the
size of the interferometer (IFO) beam transmitted through the ETM. The reduced TMS
beam is used for monitoring the alignment of the IFO beam in the arms. The TMS is also
used for injection of the green laser beam used in the Arm Length Stabilization (ALS)
scheme. Finally, the TMS also accommodates probe beams for the Hartmann sensor that
monitors the curvature of the ETM HR surface.

The TMS consists of three principal assemblies: 1) suspension frame and top mass with
springs and controls, 2) ISC TMS Optical Assembly, and 3) TMS Telescope.

NOTE: SEE SECTION 9.0 FOR BEAM DISTANCE FROM CARTRIDGE TABLE

Suspension  Frame
and Top Mass with
Springs and Controls

el00 0 040
500 C @ @

ISC TMS Optical
Assembly

TMS Telescope

Figure 1: TMS shown behind the ETM quad



LIGO- E1201012 - v8

3.2 TMS Accessory Assemblies

In addition to the principal assemblies, the following accessory assemblies are also part
of the TMS.

D1100827: ALIGO VERTICAL SAFETY WIRE ASSEMBLY

D1101130: ALIGO TMS TELESCOPE SAFETY SUPPORT BEAM ASSY
D1001891: ALIGO TMS VERTICAL SEISMIC SAFETY STOP ASSEMBLY
D1101163: ALIGO TMS TELESCOPE SUS WIRE ASSEMBLY

Note: In Cartridge assembly D1300448 TMS Cartridge Swing Stop Tool is used to
prevent TMS and ETM from Bumping.



LIGO- E1201012 - v8
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3.3 Subassembly Part Number Assignment

Each subassembly will be assigned a unique serial number based on the parent number
which can be used for referencing data taken on that subassembly. For example, if 3
UPPER INTERMEDIATE MASS TOP Assemblies are assembled from drawing number
D1000549, the units should be assigned serial numbers like:

D1000549-001
D1000549-002
D1000549-003, and so on.

As individual parts are added to the subassembly, record their serial numbers as part of
that subassembly. The overall subassembly number (i.e. D1000549-001) can now be
used in the ICS to track further operations performed on that subassembly. These
subassemblies will eventually become associated with their parent D0901880: aLIGO
AOS Transmission Monitor System Assembly, which will have its own serial number,
such as D0901880-001 (aka TMS 001). Label the bag with the newly designated
subassembly and serial number after wrapping and bagging.

3.4 Weighing Subassemblies

When weighing subassemblies, use the high precision scale dedicated for the SUS
assemblies.

4 D1101064: aLIGO TMS FIRST ARTICLE & PRODUCTION
INSTALLATION AND ASSEMBLY TOOLING

-11 -
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Table 1: D1101064: aLIGO TMS FIRST ARTICLE & PRODUCTION
INSTALLATION AND ASSEMBLY TOOLING
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4.1 D1101361: TMS TOOLING TELESCOPE I-P ALIGNMENT MIRROR ASSEMBLY
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7Y 01354455 Tﬁhﬁ;ﬁ[EE, SHIM WASHER, .171 ID X .241 OD X.030 sass | 3 | s .
7 D1101362 v1 [TMS TOOLING FIXTURE CLAMF s0s1Te Al | 3 | - 3
i AcMASTER, SOCKET HEAD CAF SCREW, 2520 UNC | .,
(7Y & F200A541 A 300 55TL 3| 2 5
@ - \© 15795554 S'H;TALBI-EE, 1/4, FLAT, 294 ID X 438 OD X 032 THK. 200 55TL 2 | s :
@ . | #283K898 (Mem-cam) O-RING, 2.5MM WIDTH, 7MM LD. FLUORD- | 5 | 4 .
or equiv APPROVED VITON ELASTOMER, SHORE A 70-75 ELASTOMER
. alIGO TMS TOOLING DIE CAST
3 Li100418 ¥1 B ESCOPE MIRROR CLAMP, 2 IN. ALUMINUM - 1
. TMS TELESCOPE TRANSFARENT
2 D1101107 ¥1 [|INPUT BEAM ALIGNMENT MIRROR GLASS - L
. alIGO TMS TOOLING DIE CAST
Dil01342 ¥1 IPRIMARY MIRROR PLATE ALUMINUM - !
'L%" PART MUMBER REV |DESCRIPTION MATERIAL |REG|SPARE|TOTAL
PARTS LIST
MOTES AMD TOUBLAMCEL: (1 FTEST OENERWISE TFECTFIED] AL A, IRETTUTE OF TECHN OLOGT FAK] MAME TMS GOLIL\JG TELES C‘GF:E |_P
RAERESEIE AR rE A LBGEDR paessnc HuneTes INSTITOTE OF FECHNOLOGY ALIGHNMENT MIRROR ASSEMELY
TCALERAMCES _ I SUB-SYSTEM  npmcaiEn | Cwien | 2o S DWE. WO, .
s S PR S e e ADVANCED LIGO ADS  owrme | o oo fmacam
.:u *.:* . HMa3H WEXT AS3Y CHECKEE | aIm oo B D -| ] O -| 36 -| vl
AHGLL i MiA pinch WS TOOLING APFRCUAL  STTDCH SEALEHONE FECUECTION: SHEET | CF 4
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4.2 D1101487: TMS TOOLING TELESCOPE O-P ALIGNMENT MIRROR ASSEMBLY

REV. DATE DCN # BOM e
NOTES CONTINUED: i i
5. BAG AND TAG ASSEMBLY WITH DRAWING NUMBER, REVISION, AND SERIAL NUMBER. o [ 101 O 305
SERIAL NUMBERS START AT 001 FOR THE FIRST ARTICLE AND PROCEED CONSECUTIVELY. : :
EXAMPLE (TAG]: DXXXXX0CVY, §/N 001 - - - -

6. APPROXIMATE WEHIGHT = 26 LB [12KG].

See D1101361

this is used in the
large disk, not as
showm with nuts and
washers

ISO VIEW
N-832-A [U-C COMPONENTS] Ag-PIATED
6 [ HEX NUT, #8-32 Ny R
T2196A203 (Meh-Car) SCREW, SOCKETHEAD CAP, #8302 UNC2A X 15
5 [elen SR 300 SSTL al 2| s
98012A325 (Mchi-Can] FLAT WASHER
4 |or equiv PER MS15795-841 198 1.0., 438 0.0, 04% THICK 300 SSTL &1 3 ?
O-RING, 3/32° WIDTH, 3/18" 1D. FLUORO-
3 |ASSeBA-108 APPROVED VITON FLASTOMER, SHORE A 70-75 _|FLASTOMER| % | 9 | ¢
aUGO TS TOOLNG
R V! |TELESCOPE MISROR CLAMP. 56 MM sosITeAl | T - !
T Iotiooses 1 |TMS TELESCOPE TOGLING MIRROR, TUSED T .
. BACK ISO VIEW 56 MM SILICA
TTEM " |pART NUMBER REV |DESCRIPTION MATERIAL |REQ|SPARE|TOTAL
_— - PARTS [I5T
- S cauroRnia stiute of ecuworocy  PaRTNAME  TRAS TOOLING TELESCOPE O-P
DRAERSIONS ARE N NCHES D B Tt MACHMED RARTE, PONE ALL EDEE = LIGO 0s55 ACHISENS INSHILTE GF TECHNOLOGT ALIGNMENT MIRROR ASSEMBLY
TOLERANCES: S ALY e DR SYSTEM SUB-SYSTEM  DESIGNER |1 i sty 22 0ol | SIZE DWG. MOL )
S SR e s oo “ADVANCED LIGO | AOS owna ccowe s p - [)] 101487  v2
ANGEARL LT MATERIAL ANSH NEXT ASSY cHeCKER | 5= Do
/A M{A pinch DI101341 APPROVAL  iEsDon SCALENONE PROJECTION: SHEET 1 OF 3

-15 -
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4.3

D1100933: aLIGO TMS TELESCOPE on BENCH SUPPORT ASSEMBLY (2 Req'd)

. V. DATE (== 1) DRAWING TREE §
NOTES CONTINUED: vl |05 AUG 2011 £1100251 E1100701-v1
5. BAG OR WRAF AND TAC ASSEMBLIES SEPARATELY WITH DRAWING NUMBER, - - - -
REVISION, SERIAL NUMBER, AND QUANTITY. SERIAL NUMBERS START AT 001 - - - -
FOR THE FIRST ARTICLE AND PROCEED CONSECUTIVELY.
EXAMPLE (TAG): DXXXXXXX-VY, 5/N 001, GTY:1
& APPROXIMATE WEIGHT = 1.11 LB [.50 KG].
4%
2%
2%
22200A542 (McM-Car)|  [SCREW, SOCKET HEAD CAP, 17420 UNC-2A X 1
s lor eguiv LONG 300 S5TL 2 ! 2
+ |pnooriz 1 [TM3 EARTHGIUAKE STOP SCREW 300 S5TL 2 1 3
NICKEL-COPPER ALLOY 400 MICKEL-COPPER
3 [prionzes v | 250-20 HEX NUT, MODIFIED ALLOY <00 O I
362214400 (Mch-Car)|  |VENTED FLAT WASHER
2 |or 2quiv 255 D, 468 OD, .032 TH 12-8 337L N 2] ¢
aLIGO ETM TELESCOPE BRIDGE SUPPORT TEE
1 |o1100108 V1 [BLaTe Sk 5041-T5 Al 1 - 1
MM \PART NUMBER REV|DESCRIPTION MATERIAL QTY |SPARE[TOTAL
BOM
NOTES AND
CALIFORNA INSTIIUTE OF TECHNOLOGT [
DIVENSEONS ARE N NCHES LIGO passachusem msnnese oo secamoiosy | WS TELESC OPE BEMCH SUPPORT ASSEMEBLY
TOLERAMCES: i — " SYSTEM. SUB-STSTEM  npmcuEr | asaiaen |0 300 OB DWG. MO, [
B2, 2 st b Shsme S TTADVANCED LIGO | AOS  buame | s faon D1100933
ANCHRAE: YT MATERAL MM el AsY CHECKER | srrocn
- MSA M/A pinch TS TOOLING ApeacvaL sEocn SCALENCHE PROIECION: T 10 1

-16 -
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for alignment of (Telescope With Optical Table)

(&
Mote: tem 10in First Article j

Delivered to LHO may have,
a 1/2-13 thread pitch

Nofe:

washer is for a table clamp land

-17 -

ancazs 0"

4.4 D1100531: aLIGO TMS OPTICAL TABLE SUPPORT BRIDGE

[ Gt [0
w1 | 442001 ET100355+1

w2 10-11-12 to folow

RAING TREE ¢

12 | ©21P8ASS2  ||MCMASTER-CARR).25-20 25" L SHCS [EEEET Y 4
n FEI25AB49  [[MCM-COM]. WASHER. 1"ID X 1.5 OD x.12T s | 4| 2 [
p - P
53 [MCMASTER. SWIVEL LEVELING MOUNT. .50-20 X 3.125 LG | x
= STITEISE 575 DlA BASE, 2.00 STUD i 4
[MCAMASTER-CARR) 25 VENTED WASHER,) 255 ID X 468 -
] vesiagon  |[DAEMASIERE 1eessTL 28| s EH
! 21964540  [IMICMASTER-CARR] 25-20-75 L SHCS. 1eessTL 28| 5 a3
7 21964546  |IMCMASTER-CARR) 25-20 1.5 L. 5.H.C5 wessL e | 2 10
R Diicoss  |HGRTME OFTICAL TAREBRDGE VERTCALSUZPCRT | oo |4 | o .
. Diicosss (2SS OFTICAL TABLE SUPRORT 6RDGE SNTERIAL [cosimsml| 4 | o .
2 D1100534  |QUGO TMS OPTICAL TASLE SUPPORT BRIDGE SIDEERACE| s0s1-Ts Al 4 [ o 4
2 D1100S33  |QUGO TMS OFTICAL TABLE SUPPORT BRDGETOPBAR  |cosi-Teal| 2 [ o 2
1 D1100S32  |QUGO TMS OFTICAL TABLE SUPPORT BRIDGE LEGS sosiTEal| 4| 0 4
WEM | parT NumBER DESCRIFTION MATERIAL [REG| SPARE | TOTAL
-
Lo SAzouma e orrewogy TR allGO TMS OPTICAL TABLE
SUPPORT BRIDGE ASSY
== T omn e 2 e .
ADVANCED LIGO AOS  ouirm -
- . S o DI1T100531 v
HiA wincn TOOLING v e 15 mascoe @S i)
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4.5 D1100649: aLIGO TMS TELESCOPE + OPTICAL TABLE,

IHr REF. This screws info underside of opfical table at center

(3 oarE
vl | 10 JUN 2011

CCNe
E1100355-v1

BALANCE BRIDGE ASSEMBLY

DRAWING TREE &

w2 B8-10-12 to follow
{ - -
X‘ 01102252 and D1102250 used with production units
/D] 200098-v1 used with first article only WBSCé
/;\
16 92196A544 || mc master carr 1/4-20 x 1.25 long SHCS 18-8 35TL 4 2 10
_ QLIGO TMS OPTICAL TABLE o _
15 | Di2o009s [OLICO TMS OFTICAL TABLE 6061T6 Al | 1 0
14 | DI102252 |oLIGO TMS TELE-OPT TABLE BALANCE BOLT 18-855TL | 1 o
_ |aLIGO TMS OPTICAL TABLE et _
13 | Diiozzso  (SHISO TS OFTCAL 6061-T6 Al | 1 0
12 | 98126AB49 |[MCMASTER-CARR], WASHER, 1"ID X 1.50Dx.12T 18-855TL | 4 2 6
11 | 923848053 |[McM-Cam). QUICK RELEASE PIN, .312DIA X 1.25 USABLE | gopy : o
LGTH, S5TL
(1 10 | e111kss  IMCMASTER, SWIVEL LEVELING MOUNT, .50-13X 3.125LG.| platens | 4 o
S 1.875 DIA BASE, 2.00 STUD e
[MCMASTER-CARR].25 VENTED WASHER.) 255 ID X .468 ]
9 | 9ess1a600 |MCMASTERC J 18-855TL | 32 | 8 40
8 C-2012-N  [SOCKET HEAD CAP SCREW, 1/4-20 X .75 LG 18855TL | 28 | 8 )
7 D1100671  |aLIGO TMS TELE-OPT TABLE BALANCE BRIDGE TIE PLATE | 6061-T6 Al | 2 o
6 D1100453  |aLIGO TMS OPTICAL TABLE SUSPENSION BRIDGE PIN S | o
GLIGO TMS OPTICAL TABLE SUSPENSION BRIDGE PIN
5 D1100654 | rm BAR 303ROD | 1 o
. 1100855 |PLIGO TMS TELE-OPT TABLE BALANCE BRIDGE PIN GUIDE | 400116 a1 | 1 o
BAR
3 D1100652  |aLIGO TMS TELE-OPT TABLE BALANCE BRIDGE GUSSET 6061-T6 Al | 4 o
——Muote:
Washer is used for 2 D1100851  |aLIGO TMS TELE-OPT TABLE BALANGCE BRIDGE TOP BAR | 4061-T6 Al | 2 o
table clamp land
1 D1100650  |aLIGO TMS TELE-OPT TABLE BALANCE BRIDGE LEGS 6061-T6 Al | 4 o
TTEM = - — = -
M| PART NUMBER [DESCRIPTION MATERIAL || oeql SPARE | TOTAL
_ FARTS LT
E JUNESY TMEERE SPECHU] CALIFORMIA INSTIUTE OF TECHNOLOGT | PAKT HAME all=0 TRAS TELE-OFT TAELE
s oo | B0 SLACHASS R o e MGLOCH BALANCE BRIDGE ASSY
wrmmensieres RouANCED GO | AGS Fo T 1100649 |
: > OF omnen smenss | wamoi g A9 2
Arcpss N/A A ginch o TOOLNG e SEAiE 13 | PR

-18 -
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4.6 D1100841: aLIGO TMS TELE W/OPT TABLE, INSTALL TOOL ASSEMBLY
See: D1100908 For application w/ Genie Lift

Note: Use D1200355 optional Height Spacers + longer screws, under #2, for added Working Room between underside of Tele -Table
and Plate #1

[ Bare bena DRAWING THEE &
vl | 14 JUN 2011 E1100352-v1 -
10-12-12 to follow

00 0o
@]

oo oo

@ o ‘

wl ] |
(] [s:]
@

19.23
(1.38 }—=| i 16.48 i (1.38 }4—‘ ’-7 5.63 ——‘

(8.75)

r\/ I / — —Lu — A —
>\_/ [.50]}_

o MCMASTER, SOCKET HEAD CAP SCREW,
REF Cz)’ 7% 4 | 72UB5ASBS | 312.18 UNC X 1.25LC, SSTL Irasn 8 8
R HE
Boot] MCMASTER VENTED WASHER, .312
| ook | 3 | 96BSIAT00 |sopew, 0.32ID X .563 OD X .032T,ssTL | BBSSIL | 8 8
B = = -
: 2 Di100ses SISO TMS TELE-OPT TABLE ISTALLTOOL 100 16 a1 |« .
p 3 Di100sez |SHICO TMS TELEOFT TABLE MSTALLTOOL (o2 14 Al | 2
Rer (1 - -
L (s =y TEM [ PART NUMBER DESCRIPTION MATERIAL [REG|SPARE[TOTAL|
DETAIL A - o srecmesy AR I e - -
EN OUT 8% = IO e e & wessaioot e oy
BROKEN OUT 8X TYPICAL L remsionr " INSTALL TOOL ASSY B
* “ ADVANCED LIGO | AOS  omamm | <m | g D1100841 w2
o ety Bty = s
uare s NIA SiA winch TOOLNG e e

1= | rouecnon e | oF

-19 -
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4.7 D1100613: aLIGO TMS TELESCOPE ASSEMBLY ALIGNMENT STABILIZATION TOOL

i T ST
¥l | &17/2011 E1100352 -
v2 07-18-12 TO FOLLOW -
D1000549 UPPER
INTERMEDIATE MASS
@
W
N
)
&
10) HEX HEAD CAP SCREW, .25-20 X 6.50
10 92198A567 St & i, s
D1100264 TELESCOPE
SAFETY SUPPORT BEAM MCMASTER-CARR .25-28 X 1.50 LG.
9 927784999 ST 12| o | 12
| U-C COMP. NUT, HEX .25-25- SILVER
Q_/ 8 A PLATED, 18-8 SSTL i Il
1 [McM-Carr].25-20 X 2.0 LG. HEX
7 92198A575 (acy Sanlpon 4| o 4
U-C COMP. FLAT WASHER, VENTED
4 A 255 ID, .46 OD, .03 THK el el B
FRONT / RIGHT s 52196539 SOCKET HEAD CAP SCREW, 11820% | 5 | & | 12
TMS TOOLING TELESCOPE
/EX%\ 1 DI100405-02 ALIGNMENT SUPPORT NUTPLATE N 4
5 . \_ TMS TOOLING TELESCOPE
2 D1001125 OFTICAL L
8V 8) e 3 D1100402 ALIGNMENT SUPPORT SPACER 2| & | 2
TMS TOOLING TELESCOPE
e D1100414 ALIGNMENT SUPPORT BRACKET % | 2 4
TMS TOOLING TELESCOPE
GX&) ! B 100400 ALIGNMENT SUPPORT BAR * | 2 %
@ PART NUMBER DESCRIPTION QTY.|SPARE[TOTAL
Ao B B g CALIFCRNLA IRSTIUTE OF TECHNOLOST SEMELY

SECTION C-C
SCALE:2

MATHRAL

-20 -

MiA

LY WATER SCLUBE

LIGO" passachessim INKTITOTE OF TECRNOLOGY

[T WEXT A3
M/A pinch

srEs TUE-SYETES
ADVANCED LUGO | AOS

TQOLNG

SCALE |2

Famsst o IGO TMS TELESCOPE AS
LIGNMENT STABILAZATION TOOL

» DI1100613

PROIECTION:

v2
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4.8 D1101510: aLIGO TMS TELE ALIGNMENT 6in MIRROR MOUNT ASSY

00!
CAOECR00VY, TYPEC QTY:TBD

& APPROMIMATE WEIGHT = X.J00( L8,

EXPLODED

ASSEMBLED

WEV. DATE

DCN T

VT [ 27 JUL 2071

BOWL ¥
ETTO035T ETTOO750-T

Flat Washer, Vented .2551D, .46 OD,

4 | ucc wrv-2s [flaf wWas 1885STL| 3| 2 | 5
TACIASTER, SOCKET HEAD CAP
3 | 921854537 SOREN D520 % 50 LG SSIL a6ssTL | 3| 2 | 5
2 | T12-4450 ?&%@Eﬁb\rﬂ)} MIRROR MOUNT atuminun| 1| 0 |
: DI101447 [OUGO TS TELE AUGNMENT MIRROR| o115 A1 1 | 0 | 1
T PART NUMBER DESCRIPTION MATERIAL [REQ|SPARE[TOTAL
PARTSTIS]

TORIESS T3

DIMENSIONS ARE IN INCHES
TOLERANCES:

EEYA

00 £ i

[ArcuLazs 10*

‘CAUFORNLA INSTITUTE OF TECHNOLOGT
LIGO  jmassachusens INSTTUTE OF TECHNDLOGY

FAKT NAME

INT ASSY

TSTEM. [
| ADVANCED LIGO

B SVSTEM.

AOS

[pesiGHER | L 1o

alIGO TS TELE ALIGNMENT
in W R 1O

DWG. NO. REV.

[RAFTER

TeRRALAL | 27 L0

3 D1101510 |

TR
N{A pinch|

“"*b1003120 TOOLNG

|eHECKED

[apprCVAL

[scae i Treosecnon. i [ ooz

-21 -
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4.9 D1100460: aLIGO TMS TELESCOPE ALIGNMENT, SUPPORT BRIDGE ASSEMBLY

NI‘HCUMW!R \:“1 04)’1“3‘_-:‘2015 E!'IDECE:':Z-\(] AR
V2 10-11-12 TO ROLLOW
approx 37 Ibs
921964552 |[McMASTER-CARR).25-202.5L. 5.H.C.5 18-8 55TL 4 0
98126AB49 |[McMASTER-CARR), WASHER, 1"ID X 1.50Dx.12T 18-8 58TL 4 0
4111K188 MCMASTER, SWIVEL LEVELING MOUMT, .50-20 X 3.125 LG, NICKEL 4 0
1.875 DIA BASE, 2.00 STUD PLATED STEEL
[McMASTER-CARR).25 VENTED WASHER,) .255 ID X .448
2684614600 oD ¥ 031 THE 18-8 58TL 20 0
C-2012-N SOCKET HEAD CAP SCREW, 1/4-20 X .75 LG 18-8 58TL 20 0
THIS WASHER 15 92196A546 [[McM-Carr) .25-20-1.5"L. 8.H.C.5. 18-8 58TL 4 0
\ FOR TABLE CLAMP
| /'%_J | LAND 5 D1100465 |[aLIGO TMS TELE ALIGNMENT SUPPORT BRIDGE GUSSET 6061-T6 Al 4 0
— 4 D1100464 aLIGO TMS TELE ALIGMNMENT SUPPORT BRIDGE SIDE BRACE| 6041-Té Al & 0
9 3 D1100552 aLIGO TMS TELE ALIGNMENT SUPPORT BRIDGE TOP BAR, 4061-Té Al ] o)
L2 o ENTRY
2 D1100463 aLIGO TMS TELE ALIGNMENT SUPPORT BRIDGE TOP BAR, £061-T4 Al 1 o
PRIMARY
Sgirlj‘fll?ia 8 1 D11004462 allGO TMS TELE ALIGNMENT SUPPORT BRIDGE LEGS 6061-T6 Al 4 0
ITEM ABSY
PART NUMBER DESCRIPTION MATERIAL | FULL/ | SPARE | TOTAL
NO. REQ
PARTS LIST
CAUFORMA ISTIITEOF TECHNOLOGY  |PARTMAME ] |S0O) TMS TELE ALIGNMENT
LIGO pyasnacHus e INSIITIRE OF TECHMOLOG T SUPPORT BRIDGE ASSY

STSTEM SUSSTETEM. G pacER | L TERRALAT | 16 T2 2011 SR DAWG. 80, [
ADVANCED LIGO | AQS  awim msis | sy D1100440 vz
".?:.:’A pinch i :.:::;:Y‘M SCALE 12 PROUECTION: SHEET | CF

FULLY WATER SOLUBLE
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4.10 D1100886: MODIFIED GENIE LIFT FORKS

See: D1100908 For application w/ Genie Lift

WOTES CoMTHEE

Fi
i
-
i,

&
&

[T (T3 (=1} DRAWING TREE &
Wi | _imarmin
>
B CUTER EXTENSION TUEE S0ENTE | 3 2
IHHER EXTENSION TUBE BLTE | 9 H
= T o
SERR, /511 WIDIRLED ENOB SFRING. | Baans | =
£ | sunce FLUNGER ol | 2 2
s | cenE e GENE FORE oy |2 2
3| emaamn | FRORUT FEET SENWORIEA [qawn | 2 n
3 | sezimasae 3516 1 FHEC SCREW EEENE 2
HEE sl A B 2
CENE FORE P & |
it GENIE FORE SUPPORT By 1
R : o e T
TN [FaRT NUMEER DT Glee ol
e 3 CASFORNIA IRSITUTE OF TECHROLOGY | ™0
P o i O e e I 3
S ADVANCED LIGO SUS [ | ceemee [maemn
i s e = el DI110088 vl
preeryee H/A M/A pinchy [Frecva TN T =

-23 -
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4.11 D1100807: aLIGO TMS Setup Table Bosch-Frame Assembly

woms coumuuE:

ISOMETRIC FROM TOP

Adjustable
Foot Typ

=24 -

DIMEMSIONS ARE IN NCHES.
TOLERANCES:

X HA

o0 s ha

AGULARE MA™ MiA

DETAIL &
ICALES: 14

TMS Bosch Frame

Frame mass ~330 Ibs. Table Top mass ~300 lbs. Total ~630 Ibs

See Sheet 2 & 3 for Dimensions

Prep

There must be access in the room for thiz plate and the genie [ift
to be alongside the BOSCH frame to then do the [ift

Also since thiz is a "semi dirty" procedure ensure there are no
parts or sub-agssemblies etc out on the fables.

Procedure

1. Adjust feet prior to starting to ensure all 4 legs are equal in
height. This should be done prior to cross braces being put in
place or fable top is installed.

2. One Genie lift [one with adjustakle legs), forks reversed [i.e.
vertical bars of the forks pointing down).

3. All pecple in the room [ift the plate together by hand and put
the plate down on the forks. We might have used C-clamps to
fix the plate to the forks but I'm not sure.

4. Lift.

5. Move Genie so the plate goes between Bosch frame and the
ceiling. Remove C-clamps if you used them.

4. Maneuver Genie to for finer adjustment.
7. Lower.

8. Move Genie out of the way.

9. Joy. Donce if necessary.

10. If a height adjustment is done after plate is in place then
Care should

be taken to adjust height incrementally to avoid twist in plate.

11. Bubble level should be use to check plate surface. 25D,

v

Fre = TR
NfA pinch

DCHA DRAWING TREE #
E1100522-v1 +

ISOMETRIC FROM BOTTOM

. I,

B F—

Em—

a onmem

2 orome

1 oimTe

T
FHIEE

fpescnmon MATTHAL

CAUFCAMLA INSTITUTE OF TECHNOLOS
LIGO MASSACHUSETTS INSTAETE OF TECHNOLOGY

ADVANCED LIGO
Ref Tooling T1100304

TART RAME

cesmaner
B
=
Arreoval

TMS Setup Table Bosch-Frame Assem

CTF T 3

o DI1100807 v

s s 14 | reoscuon: e ors
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NOTES CONTIMUED:

85.00

Available Clean
Room Space

Bosch Frame and Table Assembly

85.00

Available Clean Room Space

ROOM VIEW

55.18 48.54
FRAME

L Sy SO S O e S R

r=— 45.00+.25 —=

(52.09)

60.00

NOTES AND TOLERANCES: [UNLESS OTHERWISE SPECIFIED]

DBAENSIONS ARE I INCHES
TOLERASCES:

JE A

XEE T HA

ANGULARE NA™

-25-

| MATERIAL

CALFORNI PART HAME
mmﬁﬁiﬁ'&%r aligo Bosch Frame Dimensions for TMS Sefup

1. WTERSRET DRAWNG FER ASME 11451954,

2 EEMOVE ALL SHARF EDGES, ROZ ML

3. DO MOT SCALE FROM DRAWING.
AL MACHIPIG FLUIDS MUTT BE FLILLY TYNTHETIC, FULLY WATER SOLUBLE

AND FREE OF SULFUR, SILICONE, AND CHLORNE,

P vaNCED UCO | S e s i
FNITH |NEXT AsEY i CHECKER tx'”;;II B D-l ] 00807 vd
NfA N/A pinch| RefTooling T1100304 AFPROVAL| imalmd | TWSIZ SCALE 13 PROSECTON: | - | sEsi3cF3



Advanced LIGO LIGO-E1201012

4.12 Other Tools

lan’s list
Test stand: Mechanical Test Stand mounted with Solid Stack
Assembly
Manual fork truck: Similar to Caltech Genie
Bench: May be an optics bench but this is not mandatory
Tools: All the appropriate hand tools and measuring devices
Masses: These will be necessary to load blades flat.
Lower structure
assembly tooling:
Wire jig:
Brett’s list

3% inch nut driver or wrench for axial OSEM positioning.

% inch nut driver or wrench for lateral OSEM positioning.

93 l, and > inch allen wrenches.

64 16 4

A flat head screw driver for turning the top mass pitch adjusters.

Torque wrench for the blade clamp bolts capable of 400 in-Ib (33 ft-Ibs, 45 Nm).
Slip or block gauges for measuring 5 mm, 9.6 mm, and 15 mm gaps.

Dentist Mirror.

Flashlight or small lamp.

Structure pushers for rotating the structure on the optical table (see Figure 14).
5 axis table for safety while rotating the structure.

Lower structure tooling for use with the 5 axis table.

Safety goggles for working around the wires.

An optical alignment tool with 10 x Rad accuracy, such as an autocollimator.

A small, light, reliable level to place on suspended masses (optional).

26



Advanced LIGO LIGO-E1201012

5 Assembly Procedure for TMS

5.1 Assembly Procedure for TOP MASS ASSEMBLY

The D1000549 Upper Intermediate Mass Top Assembly consists of:
1) D1200453 aLIGO TMS Upper Structure Weldment
2) DO060324 SUS, Quad N-Ptype Top Stage, Blade Cartridge
3) D1101526 aLIGO TMS Mass Balanced Assembly
4) D060310 Advanced LIGO, SUS, QUAD N-PType Tablecloth
5) D1101166 TMS Upper Suspension Wire Assembly

In addition, it comprises the Control System Hardware for controlling the TMS Telescope
Assembly.

Refer to E1100651

5.1.1 D1200453 aLIGO TMS Upper Structure Weldment
The aLIGO TMS Upper Structure Weldment is shown in Figure 3.

Figure 3: TMS Upper Structure Weldment
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5.1.2 D060324 SUS, Quad N-Ptype Top Stage, Blade Cartridge

LsEE WOTE 5

ABDITIORAL NOTES:

5. IT 15 POSSABLE TO INSTALL A PIVOT
BOLT IN EITHER POSITION. ONLY ONE 15
AEQUIRED, AND THE CEWTRAL POSITION

ET CCESS 15

LIMITED HOWEVER

6. EACH QUAD HAS FOUR TOP STAGL CARTRIDGES
1N OKE INSTANCE (QUT OF FOUR), REPLACE PART
DOGA32S, WITH PART 00901439,

Figure 4: Quad N-Ptype Top Stage, Blade Cartridge Assembly

HHUHEHE Y

28



Advanced LIGO LIGO-E1201012

5.1.2.1 Pre-loading of Top Mass Suspension Blades

The pre-load (blade straightening) of the Top Mass Suspension Blade is applied by using the Straightening Tooling Assy - Quad Top
Stage Blade Tooling D060370, as shown in Figure 5 and Figure 6. The top blade springs are each pre-loaded with approximately 140
Ibs.
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Advanced LIGO LIGO-E1201012

INTRALING SAML:  DE6EITE ASM_PRCIDIRL

[REV. ] DAl | (] | CRARING THEL B

HEX L WRENCH STZE: 5716
TORQUE I5LB FT

BOLT BLADE CLAMP ASSEMBLY INTO BLADE STREIGHTENING TOOLING
NOTE: BLADE MUST BE INSTALLED BENEATH ROLLER,
AND ROLLER MUST BE IN THE FULLY IN POSITION

[ 1oL 1EUND1-2518CH B 16 UNC X 0,257 CAP SEAD H
L' FAAT WiWBER FAST DEECRIPTICH W, EGD
NOTES: [UNLESS OTHERWISE SPECITIED]

1, CALITGRKIA INSTITUTL OF TECHNOLDGT
= I.'mllli.h:}.!l TIS IHETITUTE OF TECHMXOGY
= S R Sl IMIVERS 1 TY GED 500 GACUP
- FUTHERTCAD Z2LETON | ASCRATOR | E5

PROCESE PLMY
T0 30 USED FOR ASSEWELY OWLY
ST8TE
o 10 Br s3e0 7oa wanracrupr| TS aLIGO
sus-575TEM SUS
VEXT K531 QUAD

=art i TS ASSEMELY PROCEDURE
= m B (6 /19 = ol | A Sy e —— Ot 15 AND TOURG
=H- & - HECKE R i 18/ MAR !
e —meroiB | ™“pdboaro_Asu.PROCEDURE. | A,
SCALE 3: 1 PROJECTION: SHEET 6 4 |

Figure 5: Insertion of Blade in Straightening Fixture
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Figure 6: Straightening of Blade Spring
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After straightening the blade, it is inserted into the cartridge holding assembly. The
completed blade cartridge assembly is shown in Figure 7.

32



Advanced LIGO LIGO-E1201012

5.1.3 D1101526 aLIGO TMS Mass Balanced Assembly. Note: this is the
Production Assembly (all but the WBSC6)

Top Mass Assembly Drawings in Order:
1. D1100525
2. D1200527
3. D1200526

The assembly procedure is described in D060370 Picture Book.

Figure 8: aLIGO TMS Mass Balanced Assembly
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EXPLOEDED VIEW
[l

EXFLOEDED VIEW

LE e R e LU R L T
s DII0I5S26 |

Euk 1 | meacas ]
T ?
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NOTE: THIS ASSEMBLY (D1000444) IS FIRST ARTICLE (WBSC6)

1 + 4 L 3

REF REF

4

LIGD  SAEOHNIA INSTTINE OF TECHNOLOGY
MASSACHUSETTS IHSTTUTE OF TECHNOIOG

[

o D1000444

T T T T 1 5 ¥ - : g . . retle 12 |m4§-&] S0



Advanced LIGO LIGO-E1201012

INTRLL NG WAME:  DOROIDY. ASM PROCE(UEE

RV | GATE |

OCH #

| ORANING THEE #

THREAD INSERT
3/8 UNC X1D

INSERTION TOOL

)

THREAD INSERT INSERT
|14 UNC X1.5D

To Install:
1.
start.
s
3.

Thread cn 1/4-20 SHCS

[ON TOOL

Remove 1/4-20 SHCS
Use 1/4-20 tap to install plug and chase
damaged threads.

(only 4

threads) and

Repair Plugs
b i

ADD WIRE THREAD INSERTS INTO BASE PLATE.
| i 14 20K 50N THRTAD. MSERT (820 0 1,59 VNG THREAD | WSER? 3
| t B4 LGRID.UNC. THREND. INSERT IE-18 10 UKC THREAD |NSEAT ‘
3 L BASE PLATE |
L1 PR MLMSER PART SESCR P11 08 M. REoo

Check for damaged threads

NOTES. (UNCESS QTIERWLIC SPECIT IED)

E!lll(}!:‘l! INSTITUTE OF TECENOLDGY

before installing. Tap if necessary.
2. Install taper down

PROCISS PLAY
TO BE USED FOR ASSEMBLT ONLT
W07 10 BE USEY FCR MINEFRCTURL

L
AL TS INETI TUTE OF TECHNOLOGY
D 37 isaon R VERSITY G0 604 1A0LR
PATHER RO APPLETON LABCRITORIES
ADVANCED LIGO

suB-sv11em SUS

[T

ST3TM

REIT ASE aliGD QUAD
pur v TOP MASS ASM SECUENCE

AFFROVED | J B'DELL JOB/SEFIYS

TEST/REACTION CHAIN

T e L
B | "™ pbbos03 ASM PROCEDLRE
SCALE ;7] PROJECTION FELT 3 0F 7]
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ONTRAL I WAME :  DOGOUR_ATH_FROCEQURE

Advanced LIGO LIGO-E1201012

DRANING TREE #

THREAD [NSERT
/4 UNC X1D

[INSERTION TGOL

ADD WIRE THREAD INSERTS IN]

[0 BOTTOM OF BASE

| A 20810 UNC. THREAD_ INSERT

W20 x 1D WD THEEAD WNSERT i b

fy FART NLMELR PART DESCRIPTION 1!!0 REGR
WOIEY: (UMLISY OTUERN|SE SFICITIEDY T CALTGENLA INSTI TUTE OF TECANDLOGY

_’blﬁ! ITE INSTETUTE OF TECHNOLOGY

| = URIVERSITY GEdy 400 SR0LP

FRUCESS PLAR
T0 BE LSFD FOR ASSEMELY ONCY
¥OT 10 B USED FOR MANIFACTURL

i) iy A

= TATHERFERD APELEfoN LAACH 100 1ES
stsrin ADVANCED LIGO

SUE-§Y510M SUS

Wt ass glIGO QUAD

mapT wee TOP MASS ASM SEQUENCE

NME | AT
T T B [mne] WW_TEST."RM
CHELKE 75708 | py | WG
APSROVED | 1 D BILL s B D&“U:‘A&".mm
1 ST TR ETEAE
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Advanced LIGO

M DOEDIDD. NS4 PROCEIWIE

LIGO-E1201012

*Fit check pitch adjuster
screw before mounting turret.

™~

THREAD
[ AUNC

ADD THREAD INSERTS INTD PITCH ADJUSTER BLOCK

REPEAT

|REV. | ODATE | OCh #

| DRAYING TREE #

INSERT INSERETION TOOL

THIS STEP FOR THE SECOND PITCH ADJUSTER BLOCK

102000 e, THREAD. INSENT

Bre-i0 v 10 URG TEREAD §USEAT |

De6039E

PITCH ALJUSTER & WiSH | |

FiRT NIMEED

PaR1 QESCRIFT oM Ko REGY

WBTES: (URLI3S GTALENISE SPIZIFIERY

H01 10 BC WIER FOR WANBFACTERI

PROCISS PLAN =
T8 AE WSED FOR ASSENBLY &MIY

Tanp CALIFDINEA [KSTITUTE OF TECHNDLDGY
= MASSACHUSETTS KETITUTE OF TECHMOL0G!
=2 164, GLASGOW UNIPERSITY GIO 600 GROUA

AUTHLR AR APPLETON LABORATORIES

stsiie  ADVANCED LIGO
suB-5rarin SUS

W asst glIGO QUAD

DEAYN 1 0'DELL |037SERTDY

ramn we TOP MASS ASM SECUENCE
TEST/REACTION CHAIN

B ‘ " plibo403.AsM PROCEDWRE | B

AL |7l paodicTion i & T SR 1 5T )
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INTRALINE RAME:  BOGDIDI_ASM_PROCEIURE

Advanced LIGO

LIGO-E1201012

HEX L WRENCH SIZE:

TORGUE 8LB FT

™

| ORANING THEE #

|3w.i wnl i 0CH

TORQUE QLB FT

NOTE .
EXACT QUANTITY OF ADDED MASS
NEED TO WORKED OUT AT END.

*Check threads:

some bad threads in turret.

HEX L WRENCH SIZE: 3/16

ADD PITCH ADJUSTER COMPONENTS TO BASE PLATE

WILL

- 420 UNC_| -00IMCHSIL PLT

{4* 20 USC X 1* CAP HEAD SILYER PLATE

1=4_ 20 UNC_2-00IRCH . SIL_FLT

147 20 UAC K & COF HEAD SILVER PLATE

i

1+4.20_UNC_Y_ 1~ |BA_SFUESCREW

174* 20 INC €5, 188° GRUBSCREW

DOf0ISI- 1000

ADDITIGHAL MASS

¢
DIgA40 PITCH ADJUSTER |

He FART MUMBER PART DESCRIPTIDN Ha. REGD

WOTES: CUNLESS UTHEAWISL SPECITIEN] Noen CALVFORNIA INSTITUTE OF TECEHNOLOG!

FROCESS PLAR
have had TO BE USED FOR ASSENDLY ONLY

MOT 10 BE USED FOR MANIFACTURE

T

srsin ADVANCED LIGO

MASSACHESETTS INSTITUTE OF TECHROLOG!
IGE, ELASCON UNIVEISITY GEO 600 GRouP
FIITHERFORD APILETON LABCRATOR! ES

suB-1570m 5US

W A5t alUGO OUAD

AAHE

CHECKID | W
APPROYVED | 100

OLISER IS
ORINAR LD

DRAVR 1 D°DELL | OBSSER/0S

TEST/REACTION CHAIN
B | " pbos03 Asm PROCEDURE

SCAE TP 11 FEET
T

mRr wane TOP MASS ASM SEQUENCE
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L
INTRALINK WANE: 3050403 _KSM_PROCEIURE [Rev. [ et

[E3 | LRAMIKG TREE 4

Install these before turret. "

/4 UNCX1D
THREAD INSERT INSERTION TOOL

ADD THREAD INSERTS INTQO WIRE CLAMP
REPEAT THIS STEP FOR THE SECOND WIRE CLAMP

| 1 -4 20010 UNC_THREAD_ IMZERT 1F4-20 ¢ 1D UNC THREAD INSERT 3
B e NIRE CLAMP ADAISTHERT BLOCK ]
ke PABT NIMBER PART DESCRIPTION WO REGE

MITES: dURLESS ODTHERWISE SPECITIEDI

gl d CALITORKIA IKSTITUTE OF TECHNALOG
Zibbo il B £ GRS
-~ us?ﬁ"?ﬁis;ﬁﬂm — == " IWTHERFORD APPLETON L ASURATORIE

s v e wsen rom maoracren| 519 M ADVANCED LIGO
SUB-§YSTEM SUS
wear 455 glUGO QUAD

st s TOP MASS ASM SEQUENCE

HAME DATE TEST/REACTION CHAI
DRAYE 4 Q°DELL [@#/SEP 08 ]

CHECRED | (W OLISEP (0% L
itsitnts o {otranis|B | DOBD403 ASM PROCEDLRE | B |
T T T T . SEALT ] ERedECT o) SHECT 6 OF 7
= = - - ERILELTE XS Al
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DKW KG TREE #

L 1
INERALTNK WAME = DOSC428 ATM PAOCEDURE /@ [REV. [ DATE | bCK

HEX L WRENCH

Y @ TORQUE: 10 L

NOTE.
PARTS 5 (D0€0420) NEED TO BE ALIGNED
WITH TEMPERARY DOWELS TO ENSURE AL IGNMENT

o o

e 3116
[

*Can use 1-1/4-20 Helicoil
— x i
\ ‘-'-——h._@nl break-off tool for alignment teool.

Alignment Pin would be better!

i ADD BASE PLATE STIFFENERS AND WIRE CLAMPS.

T 20 NC |- 00 INCH | I4a® 20 U X 0° CAP READ [H}

|4 ZRLUNC L DOINCH 81| AT !J" 0 USC 3 07 CAP REQD SILVER PLME P

1420002 KK [74% 30 WE 1 3 6ar Ea ?

Bd, J0,UME, 3- 001 0CH_ROTHD [#1® 20 VKT X 3 AP WERD, SPRERICIL T) F

Tpestyss 0500 ADET 1ML WSS x

- iies BASE ALATE STIFFLIED 7

. oE0in WERL CLAWP ADJUSTHENT BLOCC ]
FAAT WoBER Wi NEHD

WOTED (UBLISS DTHERWISE SPICITIEDY

i TRTITUTE GF TECTMILOEY
A ow Ve 117 E‘u'iﬁl“&ﬁﬁ

FROCESS FLAN == A N
108 8810 Eob LohEuL Y DL VUTHERFARD AFFLETON | ABORATOR|E5

stiiin ADVANCED LIGO

W07 10 BEUSED FOR MAMATACTURE

eI SUS

*# Check surface fit between base plate and i1 1551 aLIGO QUAD

HEX L WRENCH SIZE: 3/18 aspiffener
TORQUE OLB FT

Variation can be taken out when Fail wie TOP MASS ASM SEQUENCE
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AT TN Y TR WG TREE 1

INTRAL N8 BAME:  DOBDIDD. AS4_PROCE [OAE

HEX L WRENCH SIZE: 3718
TORGUE: 10 LB FT -

=0

Ja
ey
1 A 20 UNE 1 -ROIRCH.FIL PLT (/4* 20 UKC X 1" CAP FEAD SILVR PLATE L)
z Daea el TOF RASS SPACER 1
L. PART MUNBER PART BESCRI PTHON WO REGD
OF TICHNOLDGT |

Wit CALITORNEA 1K1
whagimin £

s VR 6L VERS [ TF G

it Ls:;‘(rai*,;;[‘:uu ar o TUTHE FFORD AFFLEION L ABOTATOR) E5

ADD T':'P MAS\\ SP.‘I\: |‘_ RS 7 w0 1 B LD For wAracTunE| S ADVANCED LIGO
SUE-415TER SUS

W 455t eLIGO QUAD
st wwe TOP MASS ASM SEQUENCE

WMITES: AURLESS OTHERWISE SPECITIEN

me TEST/REACTON CHAN
i ¥
Lxlmsredn plioars asu procensE | B
1 SCALT 17T PRUJECTION. SMET 8 OF §]
L - Ll T T T T T
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INTRELING HAME -

BRESAGI_ASM_FROCERURE

Advanced LIGO

LIGO-E1201012

.
TREV.] BATE |

[N}

_'_ _ DRAWING TREE 1

ADD BLADE TIP

MAY NEED TO BE T
IN WITH RUBBER MALLET.

7 POSIT

APPED

[ON ADJUSTER

Dokn il BLAIE TIP 1 ROSITION ADJ ?
iz -
[ PRAT DESCRIFT 10W | 2. rwon
WOTES: (UMLESS BTHENISE SPECIFLED]

PRVCEES PLAK

10 BE USCD TOR ASSEMALY MLY
8 ADVANCED LIGO

WOT T8 U560 FOR MAMIFACTIRE| S

S CALIFGRNLL [NSTHIUTE OF TICHNOIDGY
‘;bms-msms | MSTITUIE OF TICHARDADEY
=% VER, ALASSIW UNIVERSITY CEQ (04 GE0UP
2 EUTHRFCRY MPPLETON | HBORATORES

We-5151 SUS
W1 455 aLiGO QUAD

[T
1 0'DILL

| mant mw TOP MASS ASM SEOLENCE

TEST/REACTION. CHAIN

LAl pe—
B o5 b ASM :ED—rW_FE

SCALT 1P TRuECTIoN g o ] ST 8 OF
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INTRALIAK NAMD - DOSTEI_AIM_PROCEDURE

DRAWIKG TREE #

1
REV.[ DATE | N

L )
THREAD INSERT INSERTION TOOL
[/4 UNCX1.5D

— )

THREAD [NSERT INSERTION TOOL
3/8 UNC X1.5D

MAY BE [INSTALLED FROM BEHIND
AND WOUND THROUGH.

*Only put two outboard Helicoils

-Blade only has 2 holes.
ADD THREAD INSERTS INTG BLADE ADJUSTER
] 1+ 4708 1-50.UAC. THREAD, 1NSERT LI420 x50 UNC THREAD IASERT 2
? 3-8_ 11 1-50_UAC. THREAD. 1USERT 3I8-16 1 | 50 UKC TABEMD LASERT ¢
| 3 1050415 BLANE TIF 7 POSITION ABJ i
W PART NRMSER PART BESCRIFT 104 to. HEaD
¥OIES: IURLESS OTHERVISE SPCITIED] [tst=0  CALIFORNIL |KSTITUTE OF TECHRDIORY
3 = MUSIATHUSETTS IRETITUTE OF TECHNDLOEY
! PRICESS PLAN |;_ 1EH, _5\?960! ansnn'.r GEQ 500 GHOKP
L e et RUTHERF 9RD AFFLETCH LASDRATOH IS
s
HOT T BE WSED FiR MANUFAG TURE | TN ADVANCED LIGO
’ up-315100 SUS
- veim st gliGO QUAD
faar wer TOP MASS ASM SEQUENCE
WAM[ | oAt TES CTION
TERAR | J 0°DCLL | @ISEPras = T/REA CHAIN
CAECREY | 1Y [EIFAET) U
Sovee o5 uierro|B | | DS0403 ASM PROCEDURE
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INTRALINK NANE:  DOSO0I_ASN_PROCEDUNE

LIGO-E1201012

HEX L WRENCH SI7ZE:
ROUND TIP PROTRUDE

*The Blade (D060236)is only
drilled with four mounting holes,
while the Clamp (D060404) and the
Tip Z position adjuster (D0D60415)
are drilled with six holes.
Only use the four matching holes.

NOTE .

ALL 3/8 BOLTS MUST BE TORQUED UP TO THE RQUIRED TO THE RGUIRED TORQUE.

3716
[ ONM

A TORQUE WRENCH [S NEEDED FOR THIS.

L
[ROVC]_oate | [EI) | DRAN MG TREE 1

SIZE:

5/16
/4 INCH

TORQUE; 40 LB FT

*8-10mm Tip height

(/;x\ *Only two bolts holes on blade.

adjuster screw.

ADD BLADES AND CLAMPS

12,20 USC. 2+ DOINCH. ROURD

14t AR 2 N WAL, SPRERICAL TIF 4
3-8, L BN 1251 HCH | Y8 16 UNCX 125 CAF READ L
3-8 1E_BWG_2-251KCH 18 16 USE X 2,35 CAP HEAD ¢
15 SPHER ICAL_ WASHER 38 SPHERICAL TASHER: t
BE6023 MIDOLE BLAJE 57145 ]
(HE1A04-101 ELIDE CLAWP 2
DEGOAIS ALADE TP 2 POSATION 40) 1

PART NWEE PART BESCR PT 10N K. REG

WDTES: CUMLESS 6TAERWISE SPECIFIED)

FROCESS BLAN
TQ BE USED FOR ASSENBLY OHLY
MOT 10 BE USED FOR MANIFACTURL

MASSACHLSETTS INSTITY

stsfin ADVANCED LIGO

gl CALIFORNIA INSTITUTE OF TECKNOLDGY

UTE OF TECEMILOGY
IGR. CLASGON UKIYERSITY GG 609 20U
HITHERFORD APPLETON LABCRATORIES

suB-s13Tim SUS

WT asst @lIGO OUAD

CAPPRCIED | 10B

o mai | AT | TEST/REACTION CHAIN
ORANN | | 0DELL | OB/SEP/GS 1!
CHECKT | W GEI3EPIOE

SCAT -1 PROJICTION: 3|

rer niwe TOP MASS ASM SEQUENCE

e e
R
=5 B | o403 ASM PROCEDURE

1]
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IMTRALINE MUME:  DOSDAOD ASU_PROCEDURE

1 1
rz\l T DATE | [ | DAAWING TREE #

STRAIGHTEN FIRST BLADE

*Build hold down flat bar
with hole for 1/4-20 bolt.

Tip = 9.6mm from top cut in stop
bridge for blade

5mm side to side blade to stop
bridge.

PULL THE FIRST BLADE FLAT BY HANGING MASS FROM THE TIP
ENSURE THAT THE MASS 1S SECURELY CLAMPED TG A ROBUST
TABLE DURING THIS PROCEDURE

*Put wire clamp tooling in

outboard hole to clear stop bridge.

BOTES: [UMLESS OTHERNISE SPECITIED)

[tates  CALIFGANIL INGTITUTE GF TECINDLOGY
. e R
- GR, i 1 ot
FROCESS PLAY == i
10 BE USED FOR ASEARLY ok Y PUTREFR Oy RPPLETOR LABGRATORI |
o 1e 6 uses ron wwspacraa | 51T ADVANCED LIGO
SUE-5YS1EN SUS
sENT asst 6LIGO QUAD
eair we TOP MASS ASM SEQUENCE
MASS - 50 KG o L3 L TEST/REACTION CHAIN
5 CHELED
50650g [rriores [so
T T T
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Advanced LIGO

INTRALING MANE:  BOE040)_ASH PEOCEOURE

LIGO-E1201012

1
[REN. | baTE | DEN ¥

| DAAWIKG TRIE ¢

THREAD INSERT

INSERTION TOOL

ADD THREAD I[NSERT
REPEAT STEP FOR ALL

INTO STOP BRIDGE

BRI

DGES (4 QFF)

1-4. 20001 -50_UKC  THAEAD. I NSERT

[14-2% -1 .50 UNC THREAD IWSTRT |
DOs0I0Y STOP B IBGE 1
PART KINBER PART DESERIPT 0N MO REOD

MOTES; [ON.ESY OTHERWIIE SPECIFIENI

FROCESS PLAN
T0 9E USED FOR ASSENALY OMLY
BT TO BE USED FOR MANUFACTURL

Wit CALITCANEA INSTITUTE OF TECINOLOGY
HASSACHUSETTS IKSTITUTE & TRCINOLOGY
TGR, ELASSOM UNIVERSITY GEO 601 FROUF
FUTHERF ORD AFPLETON LABORITORIES

s1eid ADVANCED LIGO

SUE-2¥5TEM SUS

[T

KT Asst gLIGO QUAD

eait wiwe TOP MASS ASM SEQUENCE

AFFROVED | 00

AR | T 00|
[ ]

BATE

OLMAR /1D

G/SEP 08
|SL/SEP /64 |

B| ™ pikosos asm PROCEDIRE | B

SCAT 1] FROCCTION e e [ ST 11 e
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INTRIL NG BANE:  DOE040)_ ASH_PROCERURE

1
TREV-] OME |

| DAY ING TREE #

HEX L WRENCH SIZE: 3716 \
SCREW BOLT THROUGH BLADE STCP HEX L WRENCH SIZE: 3/16
UNTTLL IT TOUCHES THE BLADE

TORQUE 10LB FT

ADD STOP BRIDGE

REPEAT LAST TWO STEPS WITH OTHER BLADE
EAVE LOCK-NUT LOOS

L I PO UNC_ | =INCE_ 81 PLT FA° 20 UMD X | CAM HEAR SILYVEN PLATE ? ]
4 14,20 UNC_ 2 ODINCH ROUND (4T PO UND X 2" CAP NEAD, SPHERICAL TI ]
] 120, INCACT. 17410 UK W1
L] DOSOZ6 FLAT MIDOLL BLADE S*RING
El [HI3EEL] Sror BE1GD
Ha PART WuMEED PART LESCRIPTION HO. RiGa
MOTES: [UNLESS OTWEIWISE SPECITIED) g CALIFORNI A INST ‘.l'li OF TECHMOLOGY
= MASSACFUSETTS INSTITRTE OF TECHMOLOG!
BT O LMl 11111/ 1T
AOT 10 81 wSLO TOF WANIF ACTURE sk wm lm
su-SrsTiv SUS
wisr sy aLIGO QUAD
| tair v TOP MASS ASM SEQUENCE
T o : TEST/REACTION CHAIN -
T o B | "nfb0403 AsM PROCEDURE 1 B
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INTRAL NE UAE; 1040403 LS4 PROCEDUIE IHEV. | ATE | (K] i

LRANING TREE &

HEX L WRENCH S1ZE
LEAVE BOLT LOOSE

3116

HEX L WRENCH SIZE: 3/1%
TORQUE 10LB FT

ADD ADDITICONAL BLADE CLAMPS
LEAVE LOCK-NUTS LOOSE

*STOP HERE for creak bake.

4-20,UNC 5 001N _SIL PLT 141% 20 WAC ¥ 1" CAP HEAD SILWER PLATE ]
1220 AT, 1~ 801 NCH_RORND (€ 20 UNC % 2" CAP WEAD, SPRERICAL T1 3
|26 _UNCRET F420 AN T 3
D060 181 £TOP BA IBCE 2
PART HiW3ER PART DESCRIPTION 0. BEWD
WOTEE: {UMLESS DTMERNISE SPICIFIED) S0 CALIFCHNIA INGTTTUTE GF TECKNOLOGY
=t by 1S EACHUSETTE INSTITUTE G TICKNDLOGY
=5 TER, ELASHOM (NIYTRS)TY GEG e SROUP

= _ RUTHERFORA APPLE 108 | ABORATORL 5
s ADVANCED Lso
g S\‘Sl:wy_ﬁ

| wet asst gLIGD DUAD

skt nwe TOP MASS ASM SEQUENCE
1.3 WIE TEST/REACTION CHAIN

LAV J O'DELL [CR/SIFI0N

CIIED [ 1w 03 /SEFI0Y B MD&J‘M ASH |

AFRROVED | JED |Ca/MARI 1T

'''' I AT 5 - 3 B AR

FROCLES PLAL
0 BE ESE0 FOR ASIENELY DMLY
§OT TO EE USED FOR MAMJIACTIRL
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INTRIL INT BANE:  DDEDIDI_ASH_FROCE OUAE

Advanced LIGO LIGO-E1201012

TRiv Tew ¥
L |

| DREANING TREL 4

HEX L WRENCH SI1ZE: 3/16
TORQUE 10LB FT

ADD TOP PLATES

=420 ANC_ | =00/ CR_SIL PLT

47 20 UAC X 17 AP HEAD SILVER PLATES &

0080 €1 TOP PLATE 2
PART WUMEER PART DESCRIPTION i, REGD
__ WDIEY: (URESS OTRERWIIE SPECIF IEDY

FROCISS PLAN
T0 BE USED FOR ASIEMBLY OWLY

WOT 10 BE USED FOR MAMIFACTIRL| S ADVANCED LIGO

_ptmd CALITGRRIA INSTITUTE OF TECHNGUDGY
_-_mu;sumsms NSTITUTE ©F TECHNGLDGY
=2 GR, GLASEOW UNIFERS| 1Y GLO 60U GROUP
= BUTHERTCAE APFLET0K [ ABORATORI£5

5b-51570u SUS.
Wexl asst ALIGO QUAD
mat wane TOP MASS ASM SECUENCE

. TEST/REACTION CHAIN
" pdko40a ASM PROC

EDURE

L ScALT | 7] panaiciion i EF ST 6@
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L -
INTRAL NG AAME: 0040 1 ASH_PROCE DURE REV.[ DATE | [ | DIAWING TAEE #

HEX L WRENCH SIZE: 3/16
TORGUE 10LB FT

FLAT HEAD

[ |t S
S s 0
— === il SCREWDRIVER

00G)

I3

ENSURE VARTENT "WI11" (
USED IN ALL 4 POSITIONS
NOTE.

MAY NEED CHANGING WHEN THE FINAL
MASS IS WEIGHED.

ADD TOP PITCH ADJUSTER

~A2OUURC | -0QIMCESIL PLT F4* 20 UNC K 1* C4P HEAD SILYER PLATE Ll
Ted 20_UNC.2-DOIMCK_SEL_PLT F4* 20 USC X 2* CUP KEAD SILIER PLATE 2
-8 FO_UNC X0+ |88 _GRLESCRIN Fi4' 20 UNC € 0, 188" GRUESCREW I
DAE03SA-100.0 ADDITIONAL MASS 4
DOGIIIE FITCH ADSUSTER & NASE I
N bogoas I FITCH ADJSTER 1
PART NUMEES PART BESCRIPTIDN L1 E‘
WOTCS: IUNLESS OTRERMISE SPECIFIEDD LS CALI FORNIA INSTITUTE OF TECHNGLOGT
' 2oyl i o Lo
| T BE JEE;D%?:;%::BH oy ETHEERL AL = RETRRFGRI APETIOR | ARSI ad = §

wor 10 8¢ wiet ror wierieriar| 9P ADVANCED LIGO |

INSERT PART AND SCREW INTO TURRET, e

UNTILL 1T IS CENTRAL IN THE BLOCK 7ian wm TOP MASS ASM SEQUEMCE
m ERNE | o TEST/REACTION CHAIN

b L WAME [ OATE |

T N O THSITI Ly

THECKTD | W DE(IEFIOE i

APFRONED | Jo0 srwrie| B D&O{OG.ASMME[!_!E B
BTN EERTEIETE X - = R
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Advanced LIGO LIGO-E1201012

TNTRALISK KINE- 3050403 ASH_PRCCERURD v ot ] [ T TRANI G TREE ¢
When Building Flags: L] | { —
(fI:>hﬁ“ 1. Check fit of steel disk into mount
N T with magnet for pull out loose disk.

_Huhhﬁ““Hhmk‘HE 2. Check flag for true alignment.
. 3. Be careful - Aluminum mounts are FRAGILE.

NOTE

G)\\“ DISC TO BE PRESSED IN
\

WITH BENCH PRESS.

/2

7/16 Socket for
Torque Wrench

INCH

0 LB FT
TN AT
ASSEMBLE BACKBONE
e T = 0 ey
REPEAT STEP FOR ALL 4 BACKBONES
] wsaian QIEN VAGHET TLAG |
S otaep NAGRET IS Pad L]
) tas0401 Q4EN & ECD UNIT 1ACHBONE
¥ i - ECH WABNTT WOUNT FLATE :
e 5 [ AL-TRE] 144" 20 URC X 17 Caf BEAD i
P i Y | RS ...
/ e L] [OTEMT MAGHLT RETA MER I
_A____ﬂ__F——P"“’ 1 1801344 M BIA T O AT i
__'_,_,—'—_'_'_'__! o | PART MUMEER PART DESCRIPT 08 wSRROR
e | WOTLE, (URLE3S OTHERTIAE SPICITIEDT it CALUGEATY INSTITUTE OF TECANDIONY
. £ilborituzi W & KB
IROCESS PLM N T ot
16 BE 310 FOR ISSENBLY SMLY NUTHERFARE APPLETON LABORATORIE
b e _ . T ANCED LIGO
*pdd 2 1/4-20 Flat Washer s 10 60 uskp Fom wwnacnonc | ST ADVANCED

to all D060418

sug-5vs1en SUS
WEIT AsSY ALIGO QUAD

HEX L WRENCH SIZE: 3/16

Fart wne TOP MASS ASM SEGUENCE

[ORQUE [0LB F1 =

TEST/REACTION CHAIN
ey SR ..

B| ko403 AsM FROCEDURE | B
B TSI o A |
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Advanced LIGO LIGO-E1201012

" L
|REV. | OATE | oo i | DFANING TREE #

1,5 —

INTRAL | NG MAME:  BOHQED)_ASd PROCEDUNE

?
O 7/16" Socket

e ;
h it ced Pl
112 INCK T =)
10 LB FT ti_*‘ ‘--:...'_"'L-

PR TEENC 10D INCH 440 R0 UMC X 1T CAP WIRD -
7'-1.!03:{. ~ORINCILBIL.PLT I44% 20 UAE X 1* CAP KEAD SILTER PLATE!
[T G50 RAGHET LA B
Do) NASMETIC PLUG 1
LR E DSV 4 LCD UNIT BACNHONL ]
D00 €0t TCD WRGNET WDENT PIATE 6
LT T 1H® 20 UKC X |° CAP HEAD 1]
oEnan| GELU WAGNET AND FLAG CONCEP |
DasnaTE WAGNET RETAINTR .
[TTIRRITY (0N DIA T OMM MAEMET B ]
PART WIMEER FURT DESCRIPTION N FEQ

5: [¥M.ESS OTHERMESD SPECITIEN

CALITORNIA INSTITUTE OF TICHNOLDGT

ECD AND OSEM UNITS

AND END FLAG

PISCESS PLAK
T 8F USED TOR JSEEMALY ONLY
Ko7 [0 HE WEED PO MARUFRCTRRE

=l
= g bl WASEREHIZETTS (NETITUTE OF TICHNOLOGT
= B [ sion U0 IVERSTTY GEO KD BROAF
- BUTHERTOHD APFLETON LASCRATORIES

stsiiv  ADVANCED LIGO
S-Sva TN SUS

| ais ALIGD QUAD

s niie TOP MASS ASM SECUENCE

AL

CUECID | (W

ORISEP /A frmET

. [ uss
aniteng | whunjwﬂwqqgiJB

DRANR 1 0°DEL

TEST/REACTION CHAIN

AFPROIED | 10
L

AL [ PROJECTE
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Advanced LIGO LIGO-E1201012

L
EATa| K

| DRANI NG TREE +

INTAALIAK WIME:  DEEI03_ASH PRCKEOURE |Rev. ]

SIZE: /2 INCH
TORQUE: I10LB FT
7/16" Socket

a
ADD FINAL OSEM MAGNET FLAG ASSEMBLY
[ 14,20 0KE_ | GOIRCH T 20 UME X 10 CAP BEAD |
? -4, 20.UNC.|-00INCH SIL PLT 1 20w v o Em s vl 2 |
3 Dikael} O5EN BRACKET (TP O5EM! |
[ D415 CHEN WASHET WM FLAG |
5 BI04 SN RAGNET AND TLAG CORCERT 1
I r)( L Npr NCH S|ZEF: 3/ 16 ho PART NUMEER PART DESCRIPTI0H u.n“n.rfw_
WOTES: AURLESS OTHEAWISE SPECIFIED) pityt CALIFCAMIA INSTITUTE OF TECIMOLOGY
UASERCHUSETTS INSTITUTE OF TECAMDLOGY

TORQUE 10LB FT

TROCLES LA =
TO BE LSO FOR ASSEMELY ONLY
AOT 10 EE USED FOR MANIFACTURE

=* IGH, FLASGON UNIVERSITY GEC 4
= FUTHERFORD APPLETON LB

00 BROLP
RATORIES

svsriv ADVANCED LIGO

SUE-$15TEN SUS

Wi 455t ALIGO QUAD

e ie TOP MASS ASM SEQUENCE
- TEST/REACTION CHAIN
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Advanced LIGO

LIGO-E1201012

.
EV.| BATE | OCh &

1 —
| DRAWING TREE §

ANTRAL INE WAE:  BOEDLOD.\3_PROCE DUTE

3r16

HEX L WRENCH SIZE:
10LB FT

TORQUE

ADD ADDITIONAL MASS J

JUPPORT MEMBER

18 20 UNG.§ DRI NCH_SIL PLT

F4° 30 UMD X 1T CAP EEAD SOLVER PLATED ¢

JoRn33a-030.0

ADDITIDNAL WASS

baEn 4z MASS AMD SUPPORT M{WBER
L] PART NEMIER PART DESCRIPT 10K WO FEDD
IMSTITITE CF TECHNDLDEY

WOTES: (USLESE OTHERN) JE $#ECHFIED)

22 130 | w

W07 10 BE USED FOR MAMJFACTIRL

_ultd CALITRNLA [NS]
= MASSACHUSETTS (NGTITHTE €F TECKNGLOSY

160, ELABSOW UNIVERTITY GEO §00 GROUP
FUTHERY 07 APPLE 10N LIBORATOR ES

FROCESS PLAY =
10 3E LS00 FOF AGSEMELY OKLY

srativ  ADVANCED LIGO

SUE- $157EM SUS

| 0T assr ALIGO QUAD

#ail e TOP MASS ASM SEQUENCE

CHECHED []

AFFAOUED | 360

AIWE ATE

DAAS 4 D'BEEL [ D8ISEPIDY

L B85EFI0)

TEST/REACTION CHAIN

B

[LICTN)

B " olboans asu procenure

ST I FRR el T

SHET PIOF
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Advanced LIGO LIGO-E1201012

NTRALENE MAME:  DOAOUO3 ASM_PROCEDUTE

ins\' i DATE i [

T TRAWING TRIE ¢
el . | :
MAIN CHAIN ONLY

HEX L WRENCH SIZE: 3/16
TORQUE [OLB FT

VIEW ON UNDER SIDE OF MASS

VIEW ON TOP SIDE OF MASS

| J 1= Z0_UNC_2- 0V INCH.SIL.PLT f4° 10 UNC 3 7™ CAF HEAD S1LVIR PLATIO 4
Mo PAFT NIMBER PART DISCRIPT 108 LR
ADD TURRET SLP F WS IMAIN CHAIN OQNLY) NOTES: (UNLESE GTHERNISE SPECIFIED) Tt
¥, C L = ] INL I

CALIFORNIA |RSTITUTE OF TICHAOLOGY
£ ilbouisi St o TCH
|1 1GR, BLA: I ITY GEC 600 GH0L

PROCESS PLAN ==
O - RUTHERF 062 APPLETCY LABORATEA1 LS
ADVANCED LIGO

i
107 T0 SE USED FOR NANFAETUREL M

| qup-srsEw SUS
| aer assr gliGO QUAD
(| | e e TOP MASS ASM SEQUENCE
-'i:-.?\——rg'?T%m - TEST/REACTON CHAW
ot e w00 Asu PROCEDURE | B
. ] GALE 1z P e o i g [ SwET o @
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Advanced LIGO LIGO-E1201012

e 1 1
|REV. | 9ATE | LCH B I _DRARING TREE §
|

INTRAL N WAME:  BO€040)_ASM_PROCEDURE

REACTION CHAIN ONLY
o

HEX L WRENCH SIZE: 3/16
TORQUE [0OLB FT

HEX L WRENCH SIZE: 3/16
SCREW THROUGH WIRE CLAMP BASE PLATE, UP TO SCREW SHOULDER

ADD UPPER CABLE CLAMP

1-4.20_UME_1- 00 IRCH T 20 URE ¥ 1* CAP HEAD 2

<. 20.UNC.2-00 | KCH S IL.PLT A4T 20 UNC X 2 CIP FEMD SILVER PLATED 2

1-4_2_INE_NNT 420 uRe H

Daroziy MASS WIRE CLAMP 35T |
| BTRaze CAELE [LAMP 1AW v
| PART NUMBER PART DESCRIPTION Wb RED

it CALIIGRNLE (G TITUTE G TECHWOLOGT |
IR § RO

FROCESS FLAN == * RUTHE 08 1

TO 3 LSED TOR JSSEMILY QULT BUTHERFORD APPLETION L ABCRLTORI IS

svalin - ADVANCED LIGO

SUB-£¥5TEM SUS

KEXT A5ST ALIGO QUAD

et v TOP MASS ASM SEQUENCE

HAME DATE TEST/REAC
BRANK 4 O°DELL |OB/SEP/OY / TIN c"“'!"
[

CHEChED | | glxs:r.'c?,B " pibo40a ASM PROCEDURE E_

T
APPROVED | 0D U8RI 1D ¥ -
SCALT | 7] FRGJICTION: ST pia )

MOTEY: COWLESS OTHERWISE SPECIFIED) L

B0 T BE WSED FOR MANJFACTURE
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Advanced LIGO LIGO-E1201012

INTRIL ING MANE:  [O€040). ASH_PROCEDURE

|REV. | BATE | 0CY ¥

| DIAK NG TREE &

REACTION CHAIN ONLY

4

HEX L WRENCH SIZE:
TORQUE 10LB FT

I HEX L WRENCH SIZE: 3/16
- SCREW THROUGH WIRE CLAMP BASE PLATE,

Up TO SCREW SHOULDER

ADD LOWER CABLE CLAMP

3/1%6

| =820 -0 TeeH

174" 20 UNC X 1™ CAF HEAD

=420 UNC.2-DOISCASIL.PLT

?

4% 20 UNC X 2° CAP HEAD SILVER PLATEQ ?

1420, UNCALT ... £4 20 NG auT S

Ll MISS WIRE CLAMP BASE I

LG FR CABLE CLAMP Jiw I
PaRT MAEEL

FART DESCRIFT 10K WO, BEGD

WDTES: [UMLESS CTIEEWISE SPECIF IEDY

CALITGRNLA NSTITUTE O TECHRBLOGY

FROCISE PLAL =
T4 BE USED FOR ASEMBLY CHLY
B0T 70 BE USER FOR MANOFACTLRE

bl HOLDG

= BASSACHISLTTS INSTITUTE O TECENDLDGY

= i, GLASEON UNIFERSI TV 600 660 GROU®
HUTHERFORE APPLETON [ ABORATOR) E5

ADVANCED LIGO

508-575 108 SUS.

HAT a3t ALIGO QUAD

SYSTEM

it wne TOP MASS ASM SECUENCE
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Advanced LIGO LIGO-E1201012

2 L
TREV_ | BATL | TN ¥ DRAN (NG TPEE £ ]

INTRAL (NP NAME:  DYGR402 ASM_FRICIOURE

MAIN AND REACTION CHAINS - THE REACTION CHAIN 1S SHOWN HERE

40 Magnets Total -If
counter magnet added
to Right side flag.

ADD ECD MAGNETS Enjoy
ARRANGE THESE WITH ALTERNATE POLARITIES N/S
N A CROSS OVER THE FRONT AND TOP OF THE MASS
AS SHOWN IN THIS VIEW

DEATI 34t TINH DIA X | OMM MAGHET Erd i

L FART VUNDER FART BESCRIPTION WO, REGO
WOTES: |UMLESS CTRERWI SE SPECITIED) Sty CALIFORNIA INSTIFRTE OF TECHHCLOGY

= MASSACHUSETTS INSTITHTE OF TECHMCL OG!

IGF, GLASGON IMINERSITT GI0 600 GROUP

FUTHERT QR0 AFFLETON LABORATOR £

Stirew ADVANCED LIGD

| FROCESS FLAN
| TOBE USED TOR ASSCMELY OMLY
[WOT 10 8 USLO T0% MANIFACTURE

I sup-stsTEM SUS
Wear asst ALIGD QUAD
mer v TOP MASS ASM SEQUENCE
AL TiE
S T E e T e o /NEACTION CHAIN

CHECRED | 1w DEFSERIRS E IWD&OW&RNMM —‘E

WEROAET | o0 [oenmaasag) D | WA i
A il roicTion b & ]S 35 o
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Advanced LIGO LIGO-E1201012

INTRAL NG HANF:  EOE04D). 45H_PROCE DOFE

' 1
RIV.| DATE | _ocu e | DIANING TREE #

MAIN AND REACTION CHAINS - THE REACTION CHAIN IS SHOWN HERE

ADD ECD MAGNETS

ARRANGE THESE WITH ALTERNATE POLARITIES N/S
N A CROSS OVER THE FRONT AND TOP OF THE MASS
AS SHOWN IN THIS YIEW

| LELIRT LW IR X TGN MAGNT 7
Mo, MRT NMRED PART BESCRIPTION NG, REGH
WOTCE: (URLESS OTACRWISE SPECIT IER)

et EALUTIMIA ISTITITE GF TEGTROLOGY
£ o aow e g&ormnogd;
FROCISE PLAY B oL H
T4l BE ASED FORASSENBLY CHLY FAITRERF ORD APPLETON LABORATORIES |
o1 10 8 usEd ror wamsacras | 71 ADVANCED LiIGO
SR 5Y4TOH SUS
= NN A3ST ALIGO QUAD
il e TOP MASS ASM SEQUENCE
. TEST/REACTION CHAN o
| s
:|B | " likosoa asM ProceDRE | B
4

SCAT 7] PAOJECTION . | ETTTETE (]
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Advanced LIGO

LIGO-E1201012

ADDITIONAL MOTES

5. STEEL PLUGS ARE PRESS
AND S5 PARTS
SUPPLY ALL ASSEMBLIES

: R :
Ry
(e} ! ¥ ! pER R H
.d |s}nrrma | L EOSO24B [ .
B | IT/DEC QT (LT FLES]
H 15 JULYS08| Eoaolde

7
o a/- AT -

ofoJofo

FITTED IN TC ALU

IN PART FORM

3-D VIEW

0E0400 OSEM MACNTT FLAG: (MEGKETIC DESIGMI

ALUMIN UM 5082

| pogoani MAGNETIC PLUG; .

STAINLESS STEEL: 415

| 00901348 | MM BIA @ MM MAGKET;

K5 FAR SPEC

| DID03I2E FLAG SPACIR: QUAD TOP MASS

AL ALLOY: GOE1 5083

| 01003127 | MAGHET RETAINER: (NODIFIED 114-70 KEX HEAD SCREW)

STAINLESS STEEL: 104/31%

OTALPART hmdEg) DESCRIPTIDK

MATERIALS

PARTS LIgT

NDTES: dURLESS 0TAERWISE SPECIFIEDD

REMOVE AL SHARF EDGES, DIMENSRONS ASE 1N mm [IVCHES
R.e2 HIK TOLERANCES:

D4 NOT SEALT FAOM DEANING
ALL MACHINING FLINIDS SHALL BE 181 & nm
WETER SOLUELE AND FREL OF ANGHLIR 4-
SILFUR, CHLORINE AND 50L ICONE,

=

1
%nsmusms INET TUTE OF TECHNGLOGY
160, GLA

CALIFGRNLA INSTITUTE OF TECENGLDG!

s 0N UKITERSITY GO 600 GROUP
FUTHERF QRO APPLETON LABCRATCRI ES

SICE AS CHNEINAT | WILACROR"S NATERIAL: T

CINTECH @it [STAIMLESS STEFL1
SCRIAC, ENGRAVE DR ITAME DRANING

STSTEM

ADVANCED LIGO
SUB-515T0M SUS

PARTHIVGER ON HOTED 5ORF ACE (F L
PART AKD A THREE DI€IT SERIAL oum Luinl  Fa

NEXT ASET

QUAD TOP MASS

s o

PHOCECD CORSECUTIVELY

USE 0T HIGH CHARACTE

EIANPLE: DI20188- 01 A viBaAToRy|
TOOL WAt B[ USED.

PART WAME

OSEM MAGNET AND FLAG

4l 4

[
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Advanced LIGO LIGO-E1201012

. M 1
INTRALING MAME:  BOEDID TV DATL ! TCH 8 DRANING TTEE &
& [rasoctooe 060245
¢ | oo Elg0z48-0
[ B LR TATIRFL [oanl6s
1 ] POSI40T OSEM & ECO UNIT BACKBONE; CSEM & ECD UNIT AL BLLOT: 5083
2 |2 1051410 | ostn wagweT assenaie SEE ITEMS LIST B
E] 2 L TR 1/4% 20 UNC X | CAP HLAD; OSEM & ECD uNIT 1. STEEL: 304731%
1 I LostdiE OSEM MAGNET AND FLAG AS DRANING: --------
ITEW| QTY FPAREFOTAL PART NUMBLR DESCERIRTION ]a?{nms
o PIRTS LIST - ]

MITES: (BWLESS OTRERWISE SPECOFIEND CALIFOINIA INSTITUTE OF TECHMOLDG!

ASSACHISTTTS INSTITUTE OF TECHNOLOGH
- RENOVE ALL SARP EDGES, DIMENTLDRS ARE % mn | INCES | S PO 63 GLASHON UNFERSIIT GED 600 GROW

¥ L TCLIRINCES e AUTHERFCAE APPLETON LASQRATORIES
2. D 4OT SCALE FROY DRAVING,
3 ALL MACHINING 7 LUIDS SHALL BE oy & sstie alIGO

W BLE AND FEEE OF 1

GHINE AND § 1L HCONE, B-575TIM SUS

ENreth QIS St [T T e |

& SCRIEE, EMGRAVE OA STAMP DAFING L L] WENT 45T TOP MASS OUAD

PANTM/MEER Oy NCTED SORFACE OF Kl

PART UG A THREE 110 SERIAL  |okm fuiad o = 45 DiMK | Pail wme OSEM ECD UNI
WUMAER . SEATAL NUNBIRS START

1 T
AT 001 FOR THE FIAST PART IND | e L WTE_]
PROCEED CONSICUTIELY D:\l': lBU'aI ?mm'" s ey
USE 27" HIGE CRASACTIRS. CHECKED | W SRRV L
ETANRE- DI2i15d- WV IBRATORY | RPPRONED | 10D [ 15/MARI 11 ] DO50409 K.
. . ’ TO0L WAYBE. 15E0: oM [ PRoicTion b & [ SRTT 106 )
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Advanced LIGO

LIGO-E1201012

5.1.4 DO060310 ADVANCED LIGO, SUS, QUAD N-PTYPE TABLECLOTH

I 2 DOBO3I I FRONT AND REAR PLATE: NOISE TABLECLOTH AL ALLOY: 5083 H4
2 DOBO3I2 RIGHT HAND PLATE: NOISE TABLECLOTH AL ALLOY: 5083 H4
3 ? DOEO3I3 TOP PLATE; NOISE TABLECLOTH AL ALLOY: 5083 H4
4 DOBO3I4 LEFT HAND PLATE: NOISE TABLECLOTH AL ALLOY: 5083 H4
5 |8 DOBA3I16 OSEM AND ECD ADJUSTER; AS DRW: --------
£ ? DOEB320 O3EM ADJUSTMENT PLATE: AS DRW: --------
T ? DOED322 TRANSVERSE OSEM ADJUSTER; AS DRW: --------
8 34 144-20 « | 50 UNC THREAD INSERT;
E 1 144-20 « 1D UNC THREAD INSERT;
1 0 154" 20 UNC X | CAP HEAD; ST STEEL 316
| 4 1 £ 4-20 UNC X |.53" CAP HEAD;
12 2 74" 20 UNC X 2° CAP HEAD, SPHERICAL TIP; | §T STEEL 318
13 & 174" 20 UNC ¥ 2% CAP HEAD, SPHERICAL TI1#;
| 4 20 1id 20 UNC NUT;
15 40 8-32 x |.50 UNKC THREAD INSERT;
16 2 8-32 UNC ¥ 0.625° CAP HEAD; ST STEEL 316
ITEM| OTY [SPARE[TOTAL|PART KUMBER DESCRIPTICN MATERIALS
PARTS LIS
NOTES: (UNLESS GTHERWISE SPECIFIED) CALIFORNIA INSTITUTE OF TECHNOLOGY
. —— Trapy MASSACHUSETTS INSTITUTE GF TECHNGLOGY
I. REMOVE ALL SHARP EDGES, DIMENS IONS ARE [N MM [INCHES] IGR, GLASGOW UNIVERSITY GLO 600 GROUP
R.02 MIN. TOLERANCES RUTHERFORD APPLETON LABORATORIES
2. DO NOT SCALE FROM DRAWING.
3. ALL MACHINING FLUIDS SHALL BE L NI SYSTEM allGo
WATER SOLUBLE AND FREE OF ANGULAR +- °
SULFUR, CHLORINE AND SILICONE, suB-s¥sTEM SUS
SUCH AS CINCINNATI MILACRON'S WATER 1AL S DRW
CIMTECH 410 (STAINLESS STEEL) AIER AL NEXT ASSY
4. SCRIBE, CNGRAVE OR STAMP DRAWING A1 AssT QUAD
PARTHUMBER ON NOTED SURFACE OF FINISH: AS DRW
PART AND A THREE DIGIT SERIAL Jum luinl FRo = =ar7 nave TABLECLOTH
NUMBER. SERIAL NUMBERS START HAE BATE
AT QDI FOR THE FIRST PART AND : J DATE (NOISE PROTOTYPE)
PROCEED CONSECUTIVELY. DRAWN J OCDELL | 307.JUN/09 [5T7r T REV
USE .07 HIGH CHARACTERS, CHECKED [ MB I5/MAR/ 1D 6.
LXAMPLE: DOZOI88- 001. A VIBRATORY[ approvED | JoD 15/MARY 10 D D060310 F
(OOL MAT 5t USED. SCALE 12| PROJECTION: = G | SHEET 1 OF |
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Advanced LIGO

LIGO-E1201012

SLL DETAIL &
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Advanced LIGO LIGO-E1201012

5.1.4.1 D060311 Quad N-Ptype Tablecloth, Front and Rear Plate, Noise Tablecloth

" . p:ifxﬂft;iiflmz??—ﬂ
4 WOLES FOR WELICOILS 3-32 UMD THRU" S
RELICOILS WOT T0 BE FITTED —
Q \ T
e g d ]
- \ —|» + . I
2 | N L A I —1 - - SEAE- —
SEE DETAIL c—k% N T | |I_ li:. z :E-
M LI H 3 | g T
3 [ Ll B \ =
383 REF 1 ) ¢ ™, ) _|I " b
= —i ", =
= ‘\——'j 3 |
|:"| [ET] - !J".i '-,. JZI
’ Y B
LRI — B ]
o i !
IR ' A R it f [
BN FAR SIDE oL R LB
V6 TP SEE DVOGSA-vid I?E E;;:rﬂl H £
s I 7 IRENTMCAL FEATURES, L i N
S [ il | AT M ) B ::_f e
T 5 REDLINE. DMENSIONS
2).5€ Y B, P AT ARE (W WEHES,
T T -
N '. (&} WARK CUT ELD
| i L DR . | _[iﬁ‘l,-'lf_lﬂ_l.' L-‘E’E.I_ .-'311“':!?
CEER i R FEFLACE KATH i
& = o = - PR
EFal . NP ! T % I
| /_TIH_ 4 RLK !
| (I
|
" & |
25454 il e ELIWMATE gy v % e I
™ ek MALNEE ;t'{'i::.;. r .\I_: 1
| A enl s S P || TS
435 - [H | | ~-==]
485 TTE -
R 1 I . = ok e




Advanced LIGO LIGO-E1201012

5.1.4.2 D060313 Quad N-Ptype Tablecloth, Top Plate, Noise Tablecloth

E24
LT
*

BE
"::b-
.¢.
&
-

& =
I — ———————

WOLES TSR AELIESIL 174 i auE TeRu
WELIEBILS WaT 10 36 TATTED

[EsTr]
e

,
i
Lk

M.

¥ o

[ SEE DETAIL ¥

s we
"
m

™

. .

) |5 (J

o e

.
‘




Advanced LIGO LIGO-E1201012

5.1.4.3 D060314 Quad N-Ptype Tablecloth, Left Hand Plate, Noise Tablecloth

pre—— TS 138 17420 O BILICOILE WAL F
W lCeL s W 10 8 FiiTg) ikl [ s —
T T | A—E_/:'_l t e ——=——
n e - S 1 o - R } FRIET
o~ f= LN
4 T
13
- 45 = 2.5
BLE = 4
FITHS = / |
2
e ) P
2
s
[TERill
[T
REAR CHT1 4 WOLLE @5 T T “
o o - e 4

| S [ S
it .
T = S it vt 18 s e
m
£ = ]
| A58 -

n[w . 1 I I Jﬁ ] !4'—{ | %\\:j

WLLIERIL WGI 10 BE

- = =1n] 45 - ——T TR
e 1 |
:
y
o] T
e H AL =
L REAN [HT) @8 T3RE" .
& gr.e — FiltEe. 11

TRICKL WAL B
SME 21

—
[T

0 MTAIL B | | -
— A
N B
©
8

. 3
. _,/Cf> r ENGRAYE LIRES 0,809 8 gr/‘ rE \ \. I
P — & . \m_“e“ o
= st

ML #dat
D 8053

m
1001145 B
e

HEAM (K11 @5 Take
s IB]

[E3rD




Advanced LIGO LIGO-E1201012

5.1.4.4 D060315 Quad N-Ptype Tablecloth, Tablecloth Pinch Plate, Upper Structure

26 TYP

0 TYP \

™o
wn
—
<
0

PART NO. (SEE NOTE 4)——
TO BE ETCHED OR STAMPED
[N APPROX POSITION SHOWN.

IYp

2-HOLES FOR HELICO

[/4-20 UNC
HEL I1CO

THRO®

LS NOT TO BE FITTED. | [@0.2

NOTES: [UNLESS OTHERWISE SPECITIED)

I
3

REMOVE ALL SHARP EDGES,
2,07 MIK, T
B0 NOT SCALE FAOM DRAWING.

ALL MACKINIKG FLUIDS SHALL 8E
WATER SOLUBLE AND FREE OF
SULFUR, CHLORINE AKD SILICONE,
SUCH A% CINCINNAT! MILACRON'S

XA £0.2 mm
ANGULAR £0.25 °

DIMENS |ONS ARE IN mm [INCHES][Z=
OLERANCES -

CALIFORNIA INSTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGT
IGR, GLASGOW UNIVERSITY GEQ 500 GROUF

RUTHERFORD AFPLETON LABORATORIES

sistin alGO

CINTECH 410 (STAINLESS STEEL) HATERIAL

SCRIBE, EMGRAVE OR STAMP DRAWIKG

AL ALLOY
5083 T4

suB-sysTEM SUS

WexT asst QUAD TABLECLOTH

PARTRUMBER ON NOTED SURFACE OF TINISH
PART AND A THREE DIGIT SERIAL
NUMBER. SERIAL NUMBERS START

um [wis)

SLE WOTE 3
Re = 1.6

ekt waue TABLECLOTH PINCH PLATE

T 001 FOR THE FIRST PART AND MAKE DATE UPPER STRUCTURE

PROCEED CONSECUTIVELY. DRAWN | WILWUT |28/ JUK/ O Frre T
USE 07" HIGH CHARACTERS CHECKED | MB [EIEHT DRG. NO

EXAMPLE - D001 85 001. A VI8RATORY| W@PROVED | JOD IR A‘ 0060315 -
TOOL MAY B USED. SCALE 11 PROJECTION. - -G [ SHECT 1 OF 1
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5.1.4.5

Advanced LIGO

LIGO-E1201012

D060316 Quad N-Ptype Tablecloth, OSEM and ECD Adjuster, Noise Tablecloth

| 2 Lo603I17T ECD STATIC BLOCK; . QfHC COPPER: --------

2 I Dos03 148 OSEM AMD ECD MOUNTING BRACKET; (LOCAL COMTROLS! AL ALLOY: 5083 H4

3 3 LoE0336 ZMM CAM; OSEM ADJUSTER PH BROMJE: --------

‘£ 4 §-32 x |, 50 UNC THREAD INSERT;

5 I B-32 UNC X 0.625" CAF HEAD; ST STEEL 316

B & B-32 UNC ¥ 0.875" CAP HEAD; ST STEEL 316

) I BIRMINGHAM OSEM; OSEM SUPFLIED BY BIRMINGHAM
ITEM[ GTY [SPARE[TOTALPART NUMBER DESCRIPTION MATERIALS

PARTS

LIST

NOTES: (UNLESS QTHERWISE SPECIFIED) o CALIFORNIA INSTITUTE OF TECHNOLOGY
— _mwm CHUSETTS INSTITUTE OF TECHNOLOGY
I REMOVE ALL SHARP EDGES, DIMENS IONS ARE IN mm [INCHES) | = GLASGOW UNIVERSITY GEO 600 GROUP
02 MIN. TOLERANCES - RUTHERFORD APPLETON LABORATORIES
2. DO NOT SCALE FROM DRAWING.
3. ALL MACHINING FLUIDS SHALL BE XX tn-0 mm svsTiM allGo
WATER SOLUBLE AKD FREE GF ANGULAR +n-a °
SULFUR, CHLORINE AND §1LICONE, B - SYSTER
SUCH AS CINCINNATI MILACRON'S WATERIAL. T SUB-S1STEM SUS
CIMTECH 410 (STAINLESS STEEL) ERIAL el ¥ 45y QUAD TABLECLOTH
4. SCRIBE, EMGRAVE OR STAMP DRAWING T
SARTNUMBER ON NOTED SURFACE OF FINISH: A4S DRW
PART AND A THREE DIGIT SERIAL “um (pin]  Rg = -------- rarT wave OSEM AND ECD ADJUSTER
NUMBER. SERIAL NUMBERS START T Vi
AT 001 FOR THE FIRST PART AND : AML | UATE
PROCEED CONSECUTIVELY DRAWK | WILMUT | 1B/MAY/ 06 [EToT DH6. KO RLV
USE 07" HIGH CHARACTERS. CHECKED | M3 SOMART D) i :
EXAMPLE: D020188- 001. A VIBRATORY[ APPROVED | JOD STMART D B DOB60316 E
T00L AT BE USED SCALE | 1] PROJECTION <@ -6 [ SHEET | OF |
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Advanced LIGO

LIGO-E1201012

INTEAL (A% WANE:

DoBIIE

e

ADDITIONAL

5. OSEM 15 SUPPLIED BY BIRMINGAM UNIVERSITY AND SHOULD
NOT BE ASSEMBLED FRIOR TO INSTALATION

|SE— p———|

2

REV fN] ORAW NG TREE &
A E080239
B | 1seecior E060234-
[ IGFIULYFDE E080269

K ECH STATIC 2L OFHC COPPER: ------ .

@ | S51M AAD (C0 NOGNT (W5 ASACELT: CLOCAL SONTHOLS) AL ALLOT: 5083 Kd

3|3 2 Gh DM ARITER P BRONIE

4 |4 832 1 1.50 UNC THRCAD INSERT: .

5 | 832 UNC X 0 AP HEAD, ST STELL 318

6|4 &-32 UNC X 0.875" AP HEAD: . 5T STELL 318

T EBIRHINGHAN O5EM CSEM SUPFLIZD BY B1RMINGHA

V1EM | 0T Y BRARE[IOTALEART WUKBER] DESCRIET 10K WATER LS
PARTS L1ST

WOTES: (UNLTS5 OTAD

FISE SPECITITNI

. REMOVE ALL SHARP ERGES,
707 Wik

00 KOT SCALE FROM DRANING
- ALL MACHINIRG FLUIS SHALL of

WATER SOLUBLT AN
I

TERS [4
010 A VIsRATCRT|

TOLERAMCES:

o)
%Ngssac-usma ST
DINENSIOHS ASE K e INCHES] GR., GLASGDN UMIVERSITH

CALLTORRIA INSTUTUTE 0F TECANGLOGT
TWIE CHNOLOGY

RSTHERFORD ARRLITO

LAE ka3 e ststen oGO
ENGULAT =00 "
ses-sr3nin SUS
WATER AL [
wirt asst QUAD TABLECLOTH
FINI3E; A5 DAY —
whn [uin]  Ra: FART AN AND ECD ADJUSTER

DRG. W0

D06O3E

m4

SCAL

] FROIECTION: SHEET | or
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Advanced LIGO

LIGO-E1201012

5.1.4.6 D060320 Quad N-Ptype Tablecloth, Right Hand Plate, Noise Tablecloth
| | DO6O32 POSITION ADJUSTER FOR; FRONT PITCH OSEM| AL ALLOY: 5083 H4
2 2 DOB0336 ZMM CAM; OSEM ADJUSTER PH BRONIE: --------
3 ? B-32 UNC % 0.625" CAP HEAD; ST STEEL 316
! 4 B-32 UNC X 0,875" CAP HEAD;
3 I BIRMINGHAM CSEM;
ITEM| GTY [SFARE[TOTALPART NUMBER DESCRIPTION MATER I ALS
PARTS LI3T
NOTES: CUNLESS OTHERWIESE SPECIEIED) CALIFORMIA INSTITUTE OF TECHNOLOGY
. mmss.ﬂm[rw INSTITUTE OF TECHNOLOGY
|. REMOVE ALL SHARP EDGES, DIMENS IONS ARE IN mm [INCHES) GR, GLASGOW UNIVERSITY GEO 600 GROUP
R02 MIN, TOLERANCES - RUTHERFORD APPLETON LABORATORIES

2. DO NOT SCALE FROM DRAWING.

3. ALL MACHINING FLUIDS SHAI
WATER SOLUSLE AND FREE OF
SULFUR, CHLORINE AND SILICONE,
SUCH AS CINCIHMATI MILACRON 5
CIMTECH £10 [STAIMLESS STEEL)

4. SCRIBE, ENGRAVE OR STAMP [RAWING
PARTNUMAER ON MOTED SURFACE OF
PART AND A THREE DIGIT SERIAL
WUMBER. SERIAL KUMBERS START
AT Q01 FOR THE FIRST PART AND
PROCEED CONSECUTIVELY
USE 07" HIGH CHARACTERS.
cXAMPLE : DOZOISE- 001 A VIERATORY
TOOL MAY BE USED

BE

LAE ERAA mme
ANGULAR =K7A

SYSTEM

aLIGO

sug-sysTem SUS

MATERIAL: AS DRW
uexT assy QUAD TABLECLOTH

FINISH:  CLEAN AND DEGREASED

um [yind Ra = N/ parT kave OSEM ADJUSTMENT PLATE

NAME DATE

DRAWN | WILMUT | 18/MAY /06 e - TV

CHECKED | MB 5/MARY 10 DRG. NO.

APPROVED | JOD SIMARSIO B Dnﬁoazn E-
SCALE || PROJECTION. =)= -8 [ SHEET | OF |
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Advanced LIGO

LIGO-E1201012

INTRALINS NAME:  DOBE3D

REY BATE [ DRAWING TREE o
A | 130ETIE ED60239
8 I19/BECIOT E080239-B
b |167JULTi08 ED80369

N POSITION ADJUSTER FOR: FRONT PITCH DSTM| AL ALLOY: 5083 Ha
E M M OSEM ADJUSTER PH BRONTE
[ 32 UNC X 0 CAP HEAD
[ §-32 UNC X 0.815" CAP HEAD
s | B 1M1 NGRAN D5EM;
1TEM[ GTT SPAREIOTALPART NUMBER| BESCRIFT 10N MATERIALS
PARTS 15T
WITES: (UNLESS OTREEWISE SPECIF L0} CALIFARRIA IWSTITUTE OF TECRAOLOGY
S5O SIACRUSLITS INSTITUTE 07 TECHROLOGT
I REMDHL AL SHARF [36IS, DIMERS IOHS ARE 1K oo TIKESES GR, CLASGON UNIVERSITY G0 600 GROUP
.02 WM TOLERAMCES R THERAFORD APPLE SORATORIES
200 NOT SCALE FROM ORAWIAG
3. RLL WACHINING TLUIDS SHALL &E LA £HL sisten aliGO
WATER SOLUBLE AND T3ET OF LUGULLE =Rl
SULFUS. CHLOR INE AN 510 0C0 se5-5r57iM SUS
FoCH 0 & CINATL NELACRE WATER AL 15 DAY

GRAVE 0 5

LR
PART WD A
NUMBER SER
A1 001 FoR

0c A

usE
EXAMBLE: 0020180
0L WAY B CSED.

glarec 10 STRINLESS §
k|

N

QOIS SREACE 07 s
Ll IGI kI m i
AL HUKBERS $T4ET L
TRE FIR

sEEuT

ThME 0

wext asst QUAD TABLECLOTH

CLEAR AND DEGREASED
17 Re : KL

FART NAKE ADJUSTMENT PLATE

PR awp | Wl

TiRs CARCATD | W
A ¥IBRATORY [ RPPROVED | Jo0

BaTt
TRARR WILWIT | 18/ WAY 06

gy -

D060320

SCALE 1] PROJECTION @ G [ SRiET 1 07 1
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Advanced LIGO

LIGO-E1201012

5.1.4.7 D060322 Quad N-Ptype Tablecloth, Right Hand Plate, Noise Tablecloth
I I Do603E3 TRANSVERSE OSEM POSITION; ADJUSTMENT PLATE | AL ALLOY: 5083 H4
¢ ¢ BO60336 MM CAM; OSEM ADJUSTER FH BROMWIE: --------
3 ¢ B-32 UNC X 0.625" CAP HEAD; 5T STEEL 316
4 4 B-32 UNC X 0.875° CAP HEAD; ST STEEL 316
3 I BIRMINGHAM QSEM,;
I TEM| GTY BGPARE[TOTAL|PART MUMBER DESCRIPTICON MATERIALS
PARTS LIST
NOTES: [UNLESS OTHERWISE SFECIFIED] CALIFORNIA INSTITUTE OF TECHNOLQGY
. WHAESACIIJE[TTS INSTITUTE OF TECHNOLOGY
|. REMONE ALL SHARF EDGES, DIMERS IONS ABF IN mm [ IHCHES) GR, GLASGOW UNIWERSITY GEOQ 600 GROUP
R.02 MIN, TOLERANCES - RUTHERFORD APPLETON LABORATORIES
g. 00 WOT SCALE FROM DRAWING.
3. ALL MACHINING FLUIDS SHALL BE €Ak £N/A mm svsTiM allGOo

WATER SOLUBLE AKD FREE OF

SULFUR, CHLORINE AND SILICONE,
SUCH AS CINCIWMATI MILACROM S
CIMTECH &10 (STAIMLESS STEEL)

. SCRIBE, ENGRAVE OR STAMP DRAWING

PARTHUMAER ON NOTED SURFACE OF
PART AND A THREE DIGIT SERIAL
MUMBER. SERITAL WUMBERS START

AT 001 FOR THE FIRST PART ARD
PROCEED CONSECUTIVELY

USE 07" HIGH CHARACTERS.

EXAMPLE - DO2008E- 001, A VIHRATORY
TOOL MAY BE USED

ANGULAR £N/A ©

suB-SYSTEM SUS

Next assY QUAD TABLECLOTH

a7 nave TRANSVERSE OSEM ADJUSTER

MATERIAL; A DRW

FINIGH:

“um [pinl  Ra = --------
HAME DATE

DRAWN | WILMUT | 197MAY J 06

CHECKED | M8 RIMARS |0

APPROVED | JOD SIMARS IO

STIT

B DRG. NO.

D060322

ALY

0F |

SCALE 1o || PROJECTION. == <= [ SHEET
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Advanced LIGO

LIGO-E1201012

INTRAL NS RAME:

Doe23z:

REY DATE OCK & DRAWI NG TREE &
A 3CTI06 £060239
i e i E060239-8
Bo|16/JuLY /o8 £080369
A
<
O
1 1 TRAMSVEASE OSEM FOSITION: ADJUSTMENT PLATE | AL ALLOY: 5083 Hd
2 2 WM CAM; OSEM ADJUSTER FH BROMIE -
3 2 8-32 UNC ¥ 0.82 CAP HEAD; . ST STEEL 316
4 4 &-32 UNC ¥ 0.875" CAP HEAD. . §T STEEL 316
ITEM) QTY EPARETOTAL[FART WUMBLR] DESCRIFTION MATERIALS
FARTS LIST
WOTES: (UNLESS OTWERWISE SPOCIFIED

SENOVE ALL SEARP £0GI
502

s,
TOLERACES

DIMERS 1GHS ART 1K o [IKERTS

CALIFGRNIA (NSTITUTE OF TECANOLOGT

B ISSACRUSLTTS INSTITUTE OF TECHNOLOGY

GR, GLASGON UNIVERSITT GEO 600 GROUP
[

STHERFCRD APPLTTIN LASORATORIES

L soren allG0

r ANGULAE A
SULFUS, THLGS 1UE AKG SILICONE, " st sr5r4 SUS
Sich 12 CIRCIIATE NILACROY WATER 1AL A5 DRV
INTECH 410 (STAILESS STETL1 "
SCRIE. ENGRAVE 04 STAMP ORANING ¥l As51 QUAD TABLECLOTH
PARTNGMSLR 0% WTCO SURFACE OF | T iwiss -
PART AMD A TRREE DIGIT SEAIAL o [uin]  Ra = raxt wnd TRANSVERSE OSEM ADJUSTER
NUMEER. SER 5 STaRT
A1 00 FART M

TEw
HECK

[
APPROVED

RS
A WIBRATGRT|

T

B | TR

SCALE || FROJECTION, - B | oH
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Advanced LIGO

5.1.4.8 D060218 BOSEM Assembly

LIGO-E1201012

14 | FPEONIZT MCMASTER- | SCREW, SHC, 8-32 X 38 LG, CAPTIVE 4 4

13 SCREW, SOCEKET HEAD CTAP, #2-56 UNC-2A X 0.5 LONG 2 2 4

12 SCREW, SOCEET HEAD CAP, #2-5& UNC-24 X 0,25 LONG 4 4 a8

11 SCREW, SOCKETHEAD CAP, #2-56 UMC-24 X 03125 LONG | 4 d a8

10 DO&0216& IELED AssemblY 1 1 2

9 Do&0217 PO Assemibly 1 1 2

8 Coil Winding (MWS 328ML) 1 1 2

7 DO50435 Flexi-Circuit 1 1 2

& GlenAir Connectar [GlenAir) 1 1 2

5 DO&DT10 Adjusier Mut 2 2 4

4 DO&0T0% Adjuster shaft 2 2 4

3 Dos0N0B ALIGO, 5U5, QUAD, BOSEM ASSY., COILFORMER CLAMF 1 1 2

2 DOsO107 Coilformer Bockplate 1 1 p

1 DOGON06 Coilformer 1 1 2
ITEM NO. PART NUMBER DESCRIPTION REQ | SPARE | TOTAL

FARTS LIST
LGO isiicinmms et ornamolosy  ALIGO, SUS, BOSEM ASSEMBLY
SYSIEM . . SUB-SYSTEM  pEsIGNER SIZE DWG. NO. REV.
g ED LG SUS o e ems . D060218 vz
v winch MULTIPLE APPROVAL AVECCHO 11 5012004 SCALE 1 PROJECTION: SHEET 1 OF 1
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Advanced LIGO LIGO-E1201012

A nan DRAWEG T ¢

(=
ED&024D

C 12 DEC 2007 040243
vZ2 20JAN2012 E1200066-x0 -
-
W
|
FE9LAATIS MoMASIER. | ( [

14 G C;J\%Em- a SCREW, SHC, B30 X B8 LG, CAPTIVE @ . 4

13 - SCREW, SOCKET HEAD CAF, #2-56 UNC-24 X 0.5 LONG 4 2 4

12 SCREW, SOCKETHEAD CAF, #1.56 UNC-3A X025 LONG | 4 4 a

1L T

L SCREW, SOCKET HEAD CAP, #2548 UNC-2A ¥ 03125 LONG | 4 £ 4

{14 DOs0Z & IRLED & ssembly i i 2

A 7 D00z 7 FD Assenksy | 1 2

18

i 8 Call Winding (MaG 22681 1 1 2

L1 7 DOs0435 Fex-Crout | 1 2

& GlenAi Connecior [Skendi] 1 1 2

b 5 [N AddjusterMut z 2 4

4 | 14

A 4 [t Adfuster Shofl z z 4

3 D0s0108 ALIGD. 55, QUAD, BOSER ASSY_ COILFORMER CLAMP 1 1 2

2 CDa0107 Cailommer Bockpale | 1 2

1 020108 Cediomer 1 | 2
ITEM MO PART NUMEER DESCRIPFON REQ | SFARE @ TOTAL

PARTS LIST
[ o CAURDRMLE INETITUTE OF HEWNOLOGY  PART RAME
LIOO Gkt Lerss hesmmare i BecHNG (00T ALIGO, SUS, BOSEM ASSEMBLY

srsnm UN-APIEA g R AIE B WO Y
ADVANCED LIGD  SUS  owssiex  wwconns e oe D0&021 2

MATERLAL L) T AR EHicKD sncion B ¥
BiA M/A pinch MULTIPLE APPROWAL 8 TSID 9 5CT 0L SCALE || PROJECIOR R 1t |
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Advanced LIGO

5.1.4.8.1 D060216 IRLED Assembly

LIGO-E1201012

5] 1 1 2 IRLED {OP232)
o 1 1 2 Flano-Convex Lens (08PQ0E)
4 1 1 2 |DOBE0116 IRLED Sleeve
3 1 1 2 |DOB0115 IRLED Lens Retainer
2 1 1 2 |DOB0113 IRLED Retainer
1 1 1 2 |Do&0111 IRLED Carrier
ITEM MO | REQ. | SPARE | TOT. |PART NUMBER |DESCRIPTION

MOTES: (UMLESS OTHERWISE SFECIFIED)

—_

. DD NOT SCALE FROM DRAWING

2. FEMIOWVE ALL SHARP EDGES,
B.02 MAX.

3. ALL MACHIMING FLUIDS SHALL BE
WATER 3COLUBLE AMD FREE COF
SULFUR, CHLCRINE AMD SILE3OME,
SUCH A5 CINCIMNHATI MILACROMNTS
CINMITECH 410 |STAIMLESS STEEL)

4. ASSEMEBLE ACCORDING TO MOISE

PROTOTYPE O5EM ASSEMBLY

SPECIFICATION.

DIMEHSIOHS ARE IM IMCHES [mim]

TOLERAMCES:

KX 10000

XX + 0005

AMEULAREDS "

CAUFDRENIA INSTITUTE OF TECHHOLOGY

MASSACHUSETTS INSTITUTE OF TECHN OLOGY
LIG“ IGR, GLASGOW UNIVERSITY GEC &00 GROUP
UNIVERSITY OF BIEMINGHAM

ADVANCED LIGO
SUB-5YSTEM S U S

SYSTEM

NESTASY D060218 BOSEM Assembly

MATERIAL
FIMIZH

MAME DATE
DRAWN S.Brocio=s | 24 JUNOS
CHECEED 3. Aston 12 OCT 06
APPROVED |A- Veochio 21 OCT 04

IRLED Assembly

SIEE DWiE. WO, EEW.

A D060216 C
@

SCALE. 1.2 | FROJECTION: SHEET 1 OF 1

77



Advanced LIGO LIGO-E1201012

REv. | DATE oo e DRAWING TREE #
A [moves E040242 E0s0243
B |iwew ED&0262 E0&0243
C |suce ED&0262 E040243

SECTION A-A
SCALEZ2:1

[ i 1 z IRLED [OF232)
s 1 1 2 Prano-Convax Lens [I6PQ0S)
4 1 1 2 |posn11s IRLED Sieave
3 1 1 2 |posnt1s IRLED Lans Retaner
L 2 1 1 2 |posot13 IRLED Retainer
:= jj: \ i 1 1 1 2 |posat11 IRLED Carrier
PErEf =] memno | rEc. | seare | ToT. |PART NUMBEER [DESCRIPTION
T T il NOTES: (UMLESS OTHERWISE SPECIFIED) m:;:m:lﬂ:&";ﬂ,%m:m"
1. DO HOT SCALE FROM DRAWING | DIMENSIONS ARE N INCHES [mem| G, GLASGOW UNIVERSITY GEO 500 GROUP
UNIVERSITY OF BIRMINGHAM

2 REMICIVE ALL SHAR EDGES, TOLERANCES

RLOZ MAX.
- - . & X 1 SYSTEM
AR SUIBLE AN R GF | O 20005 ADVANCED LIGO
SULFUR. CHLORINE AND SILICOME, o -
SUCH AS CINCINNATI MIEACRON'S | ANGULAZ2 0.5 WIBSTSTEM €S
4 RSN ACCORONG o Mbae [ e AT
PROTOTYPE CHEM ASSEMBLY D0s0218 BOSEM Assernily
SPECIFCATON. AREH
PART NAME
NAME DATE IRLED Assembly
DEAWN  |Stiockan | = 0% | <o owe. no aEv.
[CHECKED | séwion | (20Ciie - DOéOQI 6 C
[APPROVED |2 Ve 31 T oe A
SCALE 12 [ PROJECTION:  £H—EF | sieer 10F1




Advanced LIGO LIGO-E1201012

5.1.4.8.2 D060217 PD Assembly

4 1 1 2 PD (BPXEBS])

3 1 1 2 |D0s0114 PD Retainer

2 1 1 2 |Dos01y PD Sleeve

1 1 1 2 |DOs0112 PD Carrier
ITEMNO | REQ. | SPARE | TOT. |PART HUMBER |DESCRIPTION

MOTES: [UMLESS OTHERWISE SPECIFIED)

1. D2 HNOT SCALE FROM DRAWING
2. REMIOVE ALL SHARP EDCGES,

DIMEHSIO NS ARE 1M INCHES

B.02 MAX. E,(LE'TEE]E:
3. ALL MACHINING FLUIDS SHALLBE | 6, 3 200

WATER SC2LUBLE AMD FREE OF
SULFUR, CHLORIMHE AMD SILCOHE,
SUCH AS CINCINMATI MILACRONTS

AMEULAREO.E "

CALUFOEMNLA INFTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY
LlGn IGR, GLASGOW UNIVERSTY GEO 400 GROUFP
UNIVERSITY OF BEIRMINGHAM

ADVANCED LIGO
SUB-5YSTEM SUS

SYETEM

NETESY D040218 BOSEM Assembly

CIMTECH 410 |STAIMLESS STEEL] MATERIAL
4 ASSEMELE ACCORDING TO HNCISE
FROTOTTPE O5EM ASIEMBLY
SPECIFICATION. FIMISH
HAME DATE
DRAWN SBeooices | 26 JUN 04
CHECKED 3. Astan 12 SCT 08

AFFROWED

A.Vecchiol 21 OCT 08

PD Assembly

SIEE DWG. NO. EEW.

A DO060217 C
H=

SCALE. 12  FROJECTION: SHEET 1 OF 1
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Advanced LIGO

LIGO-E1201012

e
M
7 N

I /

SECTION A-A
SCALEZ2:1

REV.  DATE l= 1
i BO&0262

B |iwew E0&0242

C |uwiea BO&0262

DRAWING TEEE #
E080243
E0s0243
E0s0243

4 1 1 2 PD (BOXES])

3 1 1 2 DDE0114 PD Retainer

2 i i 2 |DDEOAiT PD Sleeve

1 1 1 2 |Doeai12 FD Camer
ITEM NG | REQ. | SPARE | TOT. |PART NUMBER |DESCRIPTION

NOTES: (UMLESS OTHERWISE SPECIFIED)

LY

5.1.5 D1101166 TMS Upper Suspension Wire Assembly

CALIFORNLA INSTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

1. D0 MOT SCALE FROM DRAWING | DIMENSIOHS ARE N INCHES 1GH, GLASGOW UNIVERSITY GEQ 400 GROUP
7 RERMCIVE AL SHARP EDGES ——— UNIVELSITT OF BIEMINGHAM
L ALL MALHING FLUIDS SHALL gE | ZK, £001 STsTEM
WATER SOLUBLE AMD FREE OF 0K 20005 ADVANCED UGO
SULFUR. CHLORINE AND SILIEDME, . .
SUCH AS CIMCINNATIMEACRONS [ ANCULAR2 05 HLSTETE sus
CIMTECH 410 [STANLESS STEEL [ WUATERIAL
4. ASSEMBLE ACCORDING 10 MEXT ASSY
PRCITOTYPE QEEM ASSEMBLY D0s0218 BOSEM Assemioly
SPECIFCATION. ARGH
FART NAME
WAME | DATE PD Assembly
DRAWM | tsceke | 20 umce
SIZE DWG. NO. HEV.
|CHECKED | Sfwln | 120015 DO&0217 C
APPROVED |= veschi] 51 0cTon
SCALE 12 | PROJECTIOR:  £B-ET | seeer 101




Advanced LIGO LIGO-E1201012

1. Safety glasses must be worn during all wire work. Safety glasses are provided in the garbing areas and in all clean rooms.

2. Glove liners should be worn under latex clean-room gloves, as a protective layer and an extra barrier. For information on glove
liners, see the Contamination Control Plan, E0900047, page 13.

3. Take the end of the wire and bend a small section, say 3” or so, for easier holding. The bent wire section can be hooked around
your thumb, and held by your index finger.

4. Un-spool the proper length of wire, including extra for handling, and control the area of the wire that needs to be cut. Add a
bend at the other end, if handling it that way is easier for you.

5. Clean the end with the first bend. Change your gloves and grab the cleaned, bent end around your thumb.

6. Prepare the cleaning wipes with methanol. Wipe wire clean with methanol changing wipes until the wire is completely clean.
Clean the wire while it is coiled; do not stretch the wire until it is taut for cleaning. It can be laid down on a clean surface
during this process. Clean a section at a time.

Transfer the wire to the wire jig. Use the wire jig clamps to hold down the wire. Cut the bent ends off and remove, after the wire is
secured, according to the wire assembly procedure, T1000674-v2.
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https://dcc.ligo.org/DocDB/0000/E0900047/010/E0900047-v10 Contamination Control Plan.pdf�
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=25239�

Advanced LIGO LIGO-E1201012

NOTES CONTINUED:

5. BAG INDIVIDUALLY AND TAG WITH DRAWING NUMBER, REVISICH, QUANTITY | 1] AND
SERIAL MUMBER. SERIAL NUMBERS START AT 00 AND PROCEED COMSECUTIVELY.
EXANPLE [TAG|: DIOOOOOM-VT, ERaART

REV| _ DATE DCN # BOM
w123 HOV 2011 E1100351 E1100629-v1

6. APPROXIMATE WEIGHT = 40 LB [.18 KG].
T NOTED DIMENSIOH APPLIES AT 146.0 LB [451.6 M| TENSILE LOAD ©M WIRE TEM (F).

(B AFPLY 150 LE-FT |203|IV]TOE..-J TO EACH SCREW WHEN ASSEMBLING ITEM (T) O
MEM(D) TO WIRE ITEM (3.

|'.®ﬂ
| Cq—!
_ |

ISO VIEW 1

7]
\\

o
N[

Q \
—

secnon C-C
o C -
I (200) M i
1SO VIEW 2
- WISE, 1.1 W DLA BEN ;
4 A [ FER UGO-E nusIc wﬂ !
FEEETAS VEI TASHER .
3 McM-Can] o equiv 188550 z 4 ¢
2 |posozzz MIA 1
IATE A :
1 |DBrocosst ¥1 |WIRE CLAMP ASSY MIDDLE WRE A - !
WM paRT NumBER RIFTION MATERIAL |REG|SPARE{TOTAL
| PA P.'IS ustT
Tiao CALTGENA BETITEOrTICH woLoGT | P oGO TMS UFFER
AR T S TR T < SION WIRE ASSEMBLY
TADVANCED LIGO | AGS s -
A
- i = D1101166 v
H/A pinch D100054% mrracaL SCAIENCHE PROCTION: nemior

Figure 9: TMS Upper Suspension Wire Assembly

5.1.5.1 T1200388 TMS Wire Jig Assembly

The TMS Upper Suspension Wire will be stretched under load and set to the correct length by using a modified version of the
D060517 Quad Wire Jig Assembly shown in Figure 10.
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The modified version of the TMS wire jig assembly is shown in Figure 11, Figure 12, and Figure 13.

ETAIL 8
SELE 101

::::::::::::::

Figure 10: Quad Wire Jig Assembly
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Figure 11: Modified TMS Wire Jig Assembly
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Figure 12: Modified TMS Wire Jig Assembly, Clamping Detail

85



Advanced LIGO LIGO-E1201012

Figure 13: Modified TMS Wire Jig Assembly, with Loadin

g We

ight
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5.2 D1100827: VERTICAL SAFETY WIRE ASSEMBLY

The suspension wire segments are cut to desired length, cleaned and then assembled into clamp-wire-clamp assemblies before they are
attached to the full TMS assembly, according to the wire assembly procedure, T1000674-v2.

4 3 2 W PLe .
! S ) s T S S
va <1} Tﬁ'lh‘n’a’ﬁ] ENNo07Z1 |~
D
.';
: c
% | MCMASTER, 1/4 SHIM WASHER, .2531D X T ]
12 | 93574A513 730D X D2 THK. SSTL 18 8SSTL | 2 | 1 3
MCMASTER, SOCKET HEAD CAP SCREW, |
11| 92562A263 20 TING X 7ED LG, MS12997.40 fesssn| 2| 1 | s
N/A MUSIC WIRE, 1.5mm DIA X 26.29 LG, \ 11 o 1k
NON-COILED (PER LIGO-E110D159) =
U-C COMP. 5.H.C.5.10-24 X .50L SILVER
C-2408-NA PLATED 15-2 SSTL| 16| 4 | 20
U-C COMP. NUT, HEX .25-20 SILVER G
H2520A PLATED, 188 SSTL %‘i‘gﬁ AR
- B
MCMASTER, 1/4 VENTED WASHER, .255
94841 AG0D D 463? E%D ,é kOS% TgKC?AS;LSCRTEW 18-8SSTL [ 14| 4 18
MCMASTER, HEX HEA ;
92198A566 11490 UNC X & LG, SSTL 18BSSTL | 4 | 2 é
D1100&75 | wl [TMS VERTICAL SAFETY CATCH &061-T6AI0 1 | O 1
TMS VERTICAL SAFETY 3
D1100707 | w1 ?&@ER?%’T% éf?éﬁ“ a048STL | 1| O 1L
A
D1100674 | v ‘?EASSPEEJ%TSA?_L&?;Y 304sSTL | 1| 0 1
D1100673 | w1 EML?Q?EPR?:"SFL EJ:FPEErE . 304s85TL [ 1] 0 1
D1100672 | v1 |~ 0P BACE 304851L | 1| 0 1
A
PART NUMBER | REV DESCRIPTION MATERIAL |REQ(SPARETOTAL
=== FARTS LT 5 —
UG0S S EiRSises | GLIGO TMS VERTICAL SAFETY WRE ASSEMBLY
TR T SGNER | L mALar | e | Wt owi.
ADVANCED LIGO | AQS B i fimseari y | D] 100827 |“\ 7
EXPLODED VIEW WA T DOS01880 vl A T TR T
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4

.38
!
|
T
N I
REF
REF
26.74
22.36  WIRE LGTH b /J
T T ®00)
REF
' RoL
0.
1 =
I LICO sccmisem heimacor tecmmouset
ol 028 BWE. . e
| .38 |— B D1100827 w2
) SCALE 12 | PROMCTON: SHEE 2073
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5.3 D1101130: aLIGO TMS TELESCOPE SAFETY SUPPORT BEAM ASSY

SN DR ] B RIS

B s L

: : . - | TRLESCORE i
0 |priocasetz v2 |SAFETY SUPPORT BEAM, REAR S0E1-TE A LN
: TWE SAFETY CHANN S »
¢ 110028 V1 [T e S061-T4 Al 2| - | =
45T Mk Car] [EYEBCLT, NOHSHCULDERED, 7608
8 lorequi S48 X 1.55 THREAD 04 35T ol B B
L [FaTFaASEE TAchFCan] | |[SCEEW, SOCEE HEAD CAF, 51618 UNC-28]n s
T |eregqun X 1.125 LOHG R N -
. : TMG SAFETY CHAIN I N
4 1100280 V1 [ P S061-T4 Al 2| - | =
: FICKEL-COPPER ALLCT 400 312-18 HEX HUT, [HICKEL-COPPER A
5 [rieoes 1 mooiRE ALLOY 400 Gl I
FZI0AAERT A Can] | |BCREW, SOACKET HEAD CAF, 571518 UNG-2A] 1o = on
L |ormquin X 2.5 LONG BRI N I
: TWE VERTICAL SAFETY STOF P
3  [p1ocen vl [l VERTICAL ST S061-T4 Al af - | 4
PEEE1ATO0 AcPA Can] | |VENTED FLAT WASHER p— )
2 lorequi 738 D, 552 OO, 032 TH 880 2 16 | 66
: [T TEESCOPE —
Clioozaaot V2 |gAFETY SUPPORT BEAM, FRONT S0E1-TE A - 1
ITEM NO. |PART HUMBER REV DESCRIPTICHN MATERIAL | REG|SPARE|TOTAL
FARTS LI51
Rolls AN ILiRARCE (3 - S M RUER T CF (B ERRRme . U0 TRVE TEESCOPE
ot i B g st IO isacicaim emes oo camcacoae SAFETY SUPPORT BEAM ASSEMBLY
d D e S ni T DG —T—
S5 e e e e Py AnceD UGO T ADS e s ey 131101130
[FrET T CHECEBE | POCH

an .
anx e

LT iy

A

HuDE mlxaar
M4 pinch

D01 85D

AFTECFERL P DaH

EIE TR B SRS LE

=k
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-01 (RIGHT)

@

-Og (LEFT)
{7

LIGD CAUFoRNA S RTUTE OF TECHMOLOGY
MASIACHUSERTS INSTITUTE OF TECHROLOGY

128 DWS. M. RN
D1101130 vl
ICALENCNE PROMCTION:  fi- | IWEETIOF4
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B
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I L;
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.
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D1101130 vl
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5.4 D1001891: aLIGO TMS VERTICAL SEISMIC SAFETY STOP ASSEMBLY
This assembly is used only during alignment and servicing of the ETM.

NOTES CONTINUED: w105 AUG 201 ET100351 ET100743-v1
5. BAG AND TAG ASSEMBLIES INDIVIDUALLY WITH THEIR DRAWING - - - -
NUMBER, REVISION, AND SERIAL NUMBER. SERIAL NUMBERS START
AT 001 FOR THE FIRST ARTICLE AND PROCEED CONSECUTIVELY.
EXAMPLE [TAG]: DXXXXXX¥-VY, S/N 001
6. APPROXIMATE WEIGHT = .52 LB [.23 KGJ. \‘\ (5
oS
Q
54773A772 [MchA-Can) SHIM WASHER
(1) 8 lorequiv ) 314 ID, .438 OD, .060 TH ! 2
- [ite426 Ball Bearing BALL BEARING, RADIAL METRIC, FULL COMPLIMENT | | | _ :
(VXB] 300# STATIC, 148% DYMAMIC, 9 X 14 X 3
& |D1003329 V1 |aLIGO TMS SAFETY EXCHANGE CLAMP T - 1
- [78861A700 [Mch-Car)] VENTED FLAT WASHER . ;
or eguiv 328 1D, .562 OD, .032 TH
NICKEL-COPPER ALLOY 400 .312-18 HEX NUT,
4 |Dp1100989 V1 (et 2| 3
3 |plioosss V1 [TM3 TELESCOPE CHAIN, 12 IN. T - 1
L, [p712131 (Mch-Can] THREADED CONNECTOR N 3
or eguiv 285# CAPACITY
| [BEe 1156 (Mch-Can] EYEBOLT, NON-SHOULDERED, 5002 S 3
or equiv 5/16-18 ¥ 3" THREAD
TEM lpART NUMBER REV|DESCRIPTION QTY|SPARE|TOTAL
BOM

FRTES AR SEWWTSE SPECTFE]

CALFORNIA INSTITUTE OF TECHNOLOGT | PAKT AME
LIGO pssachusem instrote of ecswotosy | allGO TMS VERTICLE SEISMIC SAFETY STOP ASSEMBLY

SUB-STSTEM  ppmcain | s

,< py LY WATER SOULBLE EHKA‘DVA"JCED ueo | TAGS ST SR WG, WO, [
x El ML |is au

b : Ty MATERA s WEXTASSY = Em’:‘ srroen B D] OO] 89] vl
I MJA N/A pinch M3 TOOLING oAl smocs EALENGHE PROIECION. .
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5.5 D1101163: aLIGO TMS Telescope SUS Wire Assembly
The assembly procedure is the same as described in D1101166 TMS Upper Suspension Wire Assembly—see section

DCHN #
E1100251

HOTES CONTIMUED: REV _ DATE _BOM#
5 BAG INDIVIDUALLY AND TAG WITH DRAWING NUMBER. REVISICH, QUANTITY [1). AND w1 |29 JUN 2011 ET100625-1
AL KUMBER. SEQLAL NUNBERS START AT 001 AND PROCEED CONSECUTIVELY. - - -

EXAMPLE [TAG): DHNN00N-VY, QTY: 1, 3/

& APPRONIMATE WEIGHT = .26 L8 [.16 KG].

@y MOTED DIMENZION APPLES AT 44.4 LE [197.7 M] TEMSILE LOAD FOR EACH WIRE.

{By APPLY 15.0 LB-FT [20.2 M-A] TORGUE TO EACH SCREW WHEM ASSEMBLING TEM (T TO
TEMD)

& A:PL(TBJ'C.E-}F:IQ.&N—‘.{'D;T}LE'D EACH SCREW WHEM ASSEMBLING MBS () TO
TEM

25
407 2

ISO VIEW 1

ISO VIEW 2

5.15.

“Hiapnen . DOPOIESQ A —

P

[P TAIID ERLL=!
¢ [Fianicam craqu] |23 . 204 OB, Sea i 2
-
2 [orionaz 1 T e NA 2 2
, v ANDIA, T ; ;
2 [BAUSIC WiRE FER LGO-E1100159) [ISE wiRe
; 2 [FUG0, BUS, GUAD 1PTIPE :
1 |Doso4z2 *2 I KASS, Ul hASS WIRE Ciape  [MA !
MM pamriumeer  [ney] DESCRIFTION MATERIAL [kEG| sPARE|Taal]
FARTE LET
i e s TR UGE TG TELESCOFE
iR T R B A SUSPENSIOH WIRE ASSEMBLY
TADVANCED LIGO | AOS jonm | st = -
£D LG OS e | e [
= 3 D11011463 =
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5.6 D1000484: ISC Transmon Assembly

The ISC group is responsible for the ISC Transmon Assembly D1000484, which is
placed on top of the TMS ISC Table Structural Assembly D1102291, as shown in .

Table 2: ISC Transmon Assembly
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5.7 D1102291: aLIGO TMS ISC Table Structural Assembly

w3

DATE

11-13-12

Add -
C-404-NA, gty = 4

C-406-NA, qty = 2

) D1002504 TMWS, SISKIMOU MOUNT BRACKET,
LOWER OUTBCWARDY
a7 DI001435 TS, SISKITOU MOUNT BRACEET,
LOWER INBOWARD
a5 D1100704_aligo_ThMS_Perscope_Mount_ A
Clamp 2
35 D1200471 200 GM TABLE MASS
34 D1 100358 TABLE MASS ATTACHMENT SCR 7
33 01200470 S00GM TABLE MASS 5
o COFPER NICEEL NUT 5/T&-TE -
< [Mokgster]) £ $0810A030 =
31 D1001141 MOD. EYE BOLT AT E.Q. ROD 2
a0 One Fiece Clamp 174 Bore 5. 5. 74211300 -
[McM-Carr] <
2% D1003142 PITCH MASS ADJUSTER ROD 2
28 D1002757 PITCH SUDE GUIDE BRET. 2
2 D1002499 PIMCH MASS 2
2 D 1002758 PITCH MASS GUIDE 2
25 BU-Z408-HA TU-C Components] TO-Z4x 37 2
Button Socket Hd. Sor Silver Ploted
24 D1002746% ROLL SLIDE GUIDE BRACKET
23 EOFOSEAS SELT CLAMP [MchiCorr] 578 18 2
- threaded Stoinless St
P D1201354 - REF. #B472A1 67 (MchM-Carr)Nickel s
-~ Flated - Electroless -
21 D10027 468 THD. STOCK CUTTO LG,
20 J4-20% 37 Siiwer Tip Sef Sor
- FERI4ATA0 [(McM-Carr)
19 T7rE=50 % 1" long SHCS SILVER PLATED U 4
Components # C-2018-MA
18 T7=F0 % 75 LOFG SHCS SILVER PLATED UC- z
Components # C-2012-MA -
77 D1002759 ROLL MASS LOCK
16 D 1002698 ROLL SLIDE MASS
15 [1/4-20 x 75 Silver Plated SHCS, D12-NA] 4
14 1002755 ROLL SLIDE ROD 2
13 1001 10% END PLATE BACEK
1z D10026%6 END PLATE FROMNT
1 D007 154 SMALL GUSSET 2
[[+] D1200310 SPREADER BAR 2
o #10 VEMNT FLWEHR _U-C Componeants WRY-10 -~
- Washesr, Werted Fat =
8 312 VENT AL WEHR_U-C Components WHRV-31 1
Washer, Vented Fat <
7 280 VENT FL WEHR_U-C Components WFV-25 o8
WA ed Flot
& 12
5 T4
4 a8
a SSTL 02520 UNC-2A x 042 44
So &
2 10011463 TABLE GUSSET PLATE 2
1 1102293 TABLE ASSEMBLY
TEM NO. FART NUMBER QY.
BOM Table
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WOTES CONINUED: HEV. DATE OCHY BOM R
A SR A KINRLE- o L HALLCIET
v3 | 11-13-2012 to follow =

OTHERWRE SPECFIED] FOR THE ARST ARTICLE AND PROCEED
CONSECUTVEY.
EXANPLE:
DXOOCOG Y
SN001
£ MASS: APPROX BL RS

[UPDATE TO CURRENT VERSION|

7. CYLINDER MASSES ARE SHOWN IN SUGGESTED POSTION PER CALCULATED
MASS PROPERTIES OF TELESCOPE ASSEMBLY.

<
%
¥
.
NE LOWER SIDE VIEW
St
W
- B e eciren) Ui CALFORNA NSITUTEOF FECHNOLOGY [ PARI NAKE
ouecons s nos |1 EEREGMINDRE ALY JRASSACHIFSETTS INSTITUTE OF TECHNOLOGY ALICO TMS ISC TABLE STRUCTURAL ASSEMBLY
104 ERANCES: % ALL MACHRMNG FLLIES MLST BE FULLY STNTSENC. FLLLY WATER SOLUBLE *TSTEM. SUESTSTON T DESIGNER ards [ G 0 || EE WG, MO s
P 20l AND PREE OF SULFL. SLUCONE, AND CHLDRINE ADVANCED LIGO | AOS  oana i g D1102291
R i MATERIAL Fanish NEXT assy cHECKER |
N/A N/A D1000484 APPROVAL e oon |SCALENCHE PROJECTION: SHET 1 OF 7
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Table 3: BOM TMS ISC Table Structural Assembly

IIIIEOM PART NUMBER DESCRIPTION MATERIAL | Default/REQ
1 D1102293 aLIGO ETM OPTICAL TABLE 60%% 1
alLIGO OPTICS TABLE GUSSET PLATE, 6061-T6
2 D1001163 L ARGE Al 2
SCREW, SOCKET HEAD CAP, 1/4-20
3 i UNC-2A X 0.625 LONG 300 SSTL 46
SCREW, SOCKET HEAD CAP, 5/16-18
4 i UNC-2A X 0.875 LONG 300 SSTL 8
SCREW, SOCKET HEAD CAP, 1/4-20
5 i UNC-2A X 0.75 LONG 300 SSTL 14
SCREW, SOCKET HEAD CAP, 1/4-20
6 i UNC-2A X 0.5 LONG 300 SSTL 12
.250 VENT FL
7 WSHR .255 1D, .468 OD, .032 TH 18-8 SSTL 98
.312 VENT FL
8 WSHR .3281D, .562 OD, .032 TH 18-8 SSTL 12
#10 VENT FL
9 WSHR 195 1D, .354 OD, .032 TH 18-8 SSTL 2
6061-T6
10 D1200310 aLIGO OPTICS TABLE SPEADER BRIDGE Al 2
aLIGO OPTICS TABLE GUSSET PLATE, 6061-T6
11 D1001164 SMALL Al 2
aLIGO ETM TELESCOPE BRIDGE 6061-T6
12 01002696 SUPPORT TEE PLATE, FRONT Al 1
alLIGO ETM TELESCOPE BRIDGE 6061-T6
13 D1001109 SUPPORT TEE PLATE, BACK Al 1
1 D1002755 aLIGO TMS TELESCOPE ROLL SLIDE 304 SSTL 5
ROD
Ag-
15 ) SCREW, SOCKET HEAD CAP, 1/4-20 PLATED 4
UNC-2A X 0.75 LONG, VENTED 300 SSTL
16 D1002698 aLIGO TMS TELESCOPE ROLL SLIDE 304 SSTL 1

MASS
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IIIIE)M PART NUMBER DESCRIPTION MATERIAL | Default/REQ
17 D1002759 alLIGO TMS TELESCOPE ROLL LOCK 60%% 1
Ag-
18 ] SCREW, SOCKET HEAD CAP, 1/4-20 PLATED 6
UNC-2A X 0.75 LONG 300 SSTL
SCREW, SOCKET HEAD CAP, 1/4-20 Ag-
19 i 'UNC-2A X 1 LONG PLATED 4
300 SSTL
99934A760
SKT SET SCRW, 1/4-20 X 3/8 L,
20 (McM-Cgrr) SILVER TIP 18-8 SSTL 1
or equiv
alLIGO TMS TELESCOPE ROLL MASS
21 D1002768 ADJ. ROD 316 SSTL 1
” (fﬂ‘fﬁfclg:r) DRILL BUSHING, PRESS FIT Alloy 1
. 5/16" D, 1/2" OD, 3/8" LENGTH Steel
or equiv
60705K46
THREADED COLLAR, CLAMP ON
23 | (McM-Cam) | o106 18 UNC, 11/16" OD, 9732 WiDTH | 300 ST 2
or equiv
24 D1002769 alIGO TMS TELESCOPE ROLL SLIDE BKT. 606Al|'T6 1
BU-2406-NA Ag.
(U-C BUTTON HEAD SOCKET SCREW g
25 Components) 10-24 X 3/8 PLATED 2
pone 300 SSTL
or equiv
26 D1002758 alLIGO TMS TELESCOPE PITCH GUIDE 304 SSTL
27 D1002699 alLIGO PITCH SLIDE MASS 304 SSTL
28 D1002757 alLIGO TMS TELESCOPE PITCH SLIDE BKT. 60%% 2
alLIGO TMS TELESCOPE PITCH MASS
29 D1003162 ADJ. ROD 316 SSTL 2
942171300
30 | (McM-Carr) 1/4" ID SHAFT COLLAR 316 SSTL 2
or equiv
31 D1001161 alLIGO OPTICS TABLE TOP MODIFIED 304 SSTL )

EYEBOLT
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ILE)M PART NUMBER DESCRIPTION MATERIAL | Default/REQ
NICKEL-
NICKEL-COPPER ALLOY 400 .312-18 COPPER
32 D1100989 HEX NUT, MODIFIED ALLOY 2
400
alLlGO TMS
33 D1200470 OPTICS TABLE CYLINDER MASS 304 SSTL 6
TMS TELESCOPE MASS
34 D1100358 ATTACHMENT SCREW TITANIUM 7
alLIGO TMS
35 D1200471 OPTICS TABLE SMALL CYLINDER MASS 304 SSTL 1
36 D1100904 aligo_TMS_Periscope_Mount_Clamp 6061-T6 6
TMS, SISKIYOU MOUNT BRACKET, 6061-T6
37 D1001435 LOWER INBOARD Al 1
TMS, SISKIYOU MOUNT BRACKET, 6061-T6
38 D1002504 LOWER OUTBOARD Al 1
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see page 5
for periscope
locations

(ISC SISKIYOU
MOUNT BKT.)

THIS MOUNT NOT

USED IN
PRODUCTION

ee page 5 i

or periscope
cations

ISC SISKIYQU

¢

LOUNT BKT)

s
f
]

LIGOr CALFORNIA INSITTUIE OF ECHNGLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

D1102291

SIE DWG. MO,
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Replace screws with Ag-plated screws, C-404-NA
@ﬁ / from UC Components (2 places) x2

SOFT POINT
SHAFT LOCK

PRESS FIT 2 PLACES
AS SHOWN ref. SEE
PAGE 6 DETAIL

CALIFORNIA INSTITUTE OF TECHNOLOGY

B Doz
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Replace screws with Ag-
—plated screws, C-406-NA from
‘ UC Components (2 places) x1 o

NOTE:

DO NOT CLAMF 24 TO BIND
ADJUSTMENT OF PART 27
TIGHTEM 24 WHEN FINAL MASS LOCATION
ISSET [2PL)

SEE DWG. NO. =
B D1102291 w7
: 3H|_'|>

SCALENONE PROJECTION:
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NOTE: SEE SECTION 11. FOR ROLL AND PITCH ADJUSTER PROCEDURE

&

7.61

PERISCOPE
LOCATION

@ |

Pl

@

o &

o o ©
(] 0]
o & o
@ o o

A

2 {JO REF. STARTING ™
e~ LOCATION

1

Fi

57 ]
@_ d| e o o E
-_\“-\__\_: @ o o g
O: ‘:HU_H"'T—'R

dle o o

G
-Te o o
@ o
a o\ o

NOTE: DOWEL
PINS (2) NOTREQ.

P

ADJUST FOR FREE SHAFT | _f_//
ROTATION WITH =y

q! PART 37,38
| L

p
Ll
b )

PERISCOPE
2 3 7 LOCATION

!

\I._D

=) -]

TN

o b Y
32

bl |b <

= 2X 3.66 ‘A\
REF. STARTING

LOCATION 2 PL ;/_

©

] 7 U PERISCOPE

NOT USED IN
PRODUCTION

4

ONC

LOCATION

MINIMUM END PLAY DETAILR 2 PL.
PERISCOPE
LOCATION
5.56 ——ADJUST FOR FREE SHAFT
) ROTATION WITH
MINIMUM END PLAY
PRESS FIT

MICKEL PLATED
DRILL BUSHING
2 PL AS SHOWHN

DETAIL A 2 PL.

ADJUST FOR FREE ROTATION
WITH MINIMUM END PLAY

LIGOn CAUSCRNIA MSUIUTE OF IECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

T D029

SCALENONE PROJECTION:
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5.8 D1102361: aLIGO TMS Telescope Frame Assembly
5.8.1 Parts List for TMS Telescope Frame Assembly

5.8.2 T1300639-v1 TMS Primary Mirror Installation Procedure

NOTES CONTIMUED:
5. BAG OR WRAP AND TAG
"'_HET ATOD1 FOR THE Fi
APLE [TAG): DOOOCOIXKX
&. HHSS.I’\"I GHT = THD: LE [T
@ 5T & TEMS () AT EACH CLARP I‘l POIMT. MEMS TO ALTERMATE ORIENTATIONE WITHIN EACH STACK. LDs AT
FAI? E CE OF EACH STACK. COMPRESS EACH STACK BY 325° OF ROTATION OF 'I_H @
& FDP PPDP R ALIGHMENT OF THEHHIN FRAME ASSEMBLY [ITEME C}T‘HL. \_’)‘ ORIENT THE COMPONENTS AS SHOWMN
-A O A PRECIEION FLAT TABLE TIGHTEM TE"‘@T LB, USE A 2 OR 2 STEP TIGHTEMING SEGUEMCE.
USE DF ALCOHOL ON ITEMS (5) AT ASSEMELY I3 PERMISSIE

EMBLY WITH DRAWING JMBE REV) SION AND SERIAL MUMBER. SERIAL MUMBERS
TCLE .‘\ND PROCEED CCl CL.'I

15O VIEW 2
(ROTATED %0° CCW ABOUT )

150 VIEW 1
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Table 4: Bill of Material, D1102361: aLIGO TMS Telescope Frame Assembly

ASSI_EI\]{IBLY QTY ASSI_E’\ZABLY QTY ASSI_E'?\TBLY QTY NLFJ’QFI;ER QTY | DESCRIPTION
D1102361 1 D1000243 3 1 C-2006 6 SCREW, SOCKET HEAD CAP, 1/4-20 UNC-2A x 0.375 LONG, VENTED
D1102361 1 D1000243 3 1 D1000072 1 ADLIGO ETM TELE TUBE
D1102361 1 D1000243 3 1 D1000242 2 aLIGO ETM TELE TUBE THD INSERT
D1102361 1 D1102365 1 D1200246 1 BU-404 7 BUTTON HEAD SOCKET SCREW 4-40 x .25, vented
D1102361 1 D1102365 1 D1200246 1 D1200247 1 aLIGO TMS FOCUS Carriage
D1102361 1 D1102365 1 D1200246 1 D1200248 1 aLIGO TMS FOCUS SLIDE
D1102361 1 D1102365 1 D1201077 1 92778A121 1 18-8 SS Oval Point Socket Set Screw 10-32 Thread, 1/2" Length
D1102361 1 D1102365 1 D1201077 1 D0901565 1 ADLIGO_ETM_TELE_SECONDARY
D1102361 1 D1102365 1 D1201077 1 D1100114 3 TMS Telescope Secondary Mirror Clamp
D1102361 1 D1102365 1 D1201077 1 D1200826 1 aLIGO secondary mount plate
D1102361 1 D1102365 1 D1201077 1 D1201076 1 alLigo secondary mirror mount tip-tilt sub assem.
D1102361 1 D1102365 1 D1201077 1 D1201078 1 ball for the secondary mount screw
D1102361 1 D1102365 1 1 94125K577 5 COMPRESSION SPRING, 7.1 MM OD, 0.8 MM WD, 15.5 MM L, 2.52 N/MM
D1102361 1 D1102365 1 1 9716K36 2 DISC SPRING .174" ID x .322" OD x .0050" THICK 1.50 Lb @ .034" DEFLECTION
D1102361 1 D1102365 1 1 98017A625 4 #8 FLAT WASHER, .17 ID x .38 OD x .032 THK, NAS 1149-CN832R
D1102361 1 D1102365 1 1 99040A416 3 SHIM WASHER .188 ID, .250 OD, .016 TH
D1102361 1 D1102365 1 1 BU-402-N 3 BUTTON HEAD SOCKET SCREW 4-40 x .13
D1102361 1 D1102365 1 1 C-2006-N 1 SCREW, SOCKET HEAD CAP, #1/4-20 x .38 LG
D1102361 1 D1102365 1 1 C-2406-N 2 SCREW, SOCKET HEAD CAP, #10-24 x .38 LG
D1102361 1 D1102365 1 1 C-406-N 2 SCREW, SOCKET HEAD CAP, #4-40 x 0.38 LONG
D1102361 1 D1102365 1 1 C-408 3 SCREW, SOCKET HEAD CAP, #4-40 x .50 LONG, VENTED
D1102361 1 D1102365 1 1 C-804-N 2 SCREW, SOCKET HEAD CAP, #8-32 x .25 LONG
D1102361 1 D1102365 1 1 D1001813 1 aLIGO TMS THREAT MT. SEC. FOCUS
D1102361 1 D1102365 1 1 D1001834 1 aLIGO TMS HOLDER SEC. FOCUS
D1102361 1 D1102365 1 1 D1001973 1 aLIGO TMS FOCUS SCREW
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ASSI_ETBLY QTY ASSI_E’\ZABLY QTY ASSI_E';ABLY QTY NSQEER QTY | DESCRIPTION
D1102361 1 D1102365 1 1 D1200321 1 aLIGO, AOS, TMS TELESCOPE, SECONDARY MIRROR, MT. BRACKET
D1102361 1 D1102365 1 1 D1200579 1 aLIGO TMS FOCUS SLIDE LOCK
D1102361 1 D1102365 5 1 WFV-04 2 WASHER, VENTED, NO. 4
D1102361 1 D1102365 1 1 WFV-08 2 #8 FLAT WASHER, .169 ID x .304 OD x .032 THK,VENTED
D1102361 1 D1200243 1 1 70466S 3 COMPRESSION SPRING .210 O.D., .018 W.D., .63 L, 3.4#/IN
D1102361 1 D1200243 1 1 94035A999 3 PRECISION SKT SHLDR SCRW, 5/32 OD, 5/8 L, #6-32 x 3/16 THD
D1102361 1 D1200243 1 1 94355A614 1 SKT SET SCRW, FLAT PT, 1/4-28 x 1/2
D1102361 1 D1200243 1 1 9529K44 2 440C SS BALL 7/32" DIAMETER, GRADE 24
D1102361 1 D1200243 1 1 99934A330 1 SKT SET SCRW, 6-32 x 1/8 L, SILVER TIP
D1102361 1 D1200243 1 1 C-2014-N 6 SCREW, SOCKET HEAD CAP, 1/4-20 UNC-2A x 0.875 LONG
D1102361 1 D1200243 1 1 C-2416-N 3 SCREW, SOCKET HEAD CAP, 10-24 x 1.0 LONG
D1102361 1 D1200243 1 1 D1002458 2 aLIGO AOS F2 MIRROR SIDE CLAMP LOWER
D1102361 1 D1200243 1 1 D1002459 1 aLIGO AOS F2 MIRROR SIDE CLAMP UPPER
D1102361 1 D1200243 1 1 D1002465 & aLIGO AOS TRANSMON F2 MIRROR CLAMP
D1102361 1 D1200243 1 1 D1102334 1 aLIGO TMS TELESCOPE SECOND FOLD MIRROR
D1102361 1 D1200243 1 1 D1200249 1 aLIGO TMS F2 MIRROR BASE
D1102361 1 D1200243 1 1 ° 3 SISKIYOU 1" LEFT HAND MIRROR MOUNT
D1102361 1 D1200243 1 1 WFV-25 6 VENTED FLAT WASHER .255 ID, .468 OD, .032 TH
D1102361 1 D1200244 1 1 94035A999 & PRECISION SKT SHLDR SCRW, 5/32 OD, 5/8 L, #6-32 x 3/16 THD
D1102361 1 D1200244 1 1 94355A614 1 SKT SET SCREW, FLAT PT, 1/4-28 x 1/2
D1102361 1 D1200244 1 1 9435K420 3 COMPRESSION SPRING .240 OD, .032 WD, .63 L, 23.32#/IN
D1102361 1 D1200244 1 1 9529K44 2 440C SS BALL 7/32" DIAMETER, GRADE 24
D1102361 1 D1200244 1 1 99934A330 1 SKT SET SCRW, 6-32 x 1/8 L, SILVER TIP
D1102361 1 D1200244 1 1 C-2014-N 6 SCREW, SOCKET HEAD CAP, 1/4-20 UNC-2A x 0.875 LONG
D1102361 1 D1200244 1 1 C-2416-N 3 SCREW, SOCKET HEAD CAP, 10-24 x 1.0 LONG
D1102361 1 D1200244 1 1 D1001136 & aLIGO F1 MIRROR CLAMP
D1102361 1 D1200244 1 1 D1002336 2 aLIGO ETM F1 MIRROR SIDE CLAMP LOWER
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ASSI_EI;_/IBLY QTY ASSI_E'\ZABLY QTY ASSI_E'\3/|BLY QTY NSQEER QTY | DESCRIPTION
D1102361 1 D1200244 1 1 D1002337 1 aLIGO ETM F1 MIRROR SIDE CLAMP UPPER
D1102361 1 D1200244 1 1 D1102335 1 aLIGO TMS TELESCOPE FIRST FOLD MIRROR
D1102361 1 D1200244 1 1 D1200245 1 aLIGO TMS F1 MIRROR BASE
D1102361 1 D1200244 1 1 : 3 SISKIYOU 1" LEFT HAND MIRROR MOUNT
D1102361 1 D1200244 1 1 WFV-25 6 VENTED FLAT WASHER .255 ID, .468 OD, .032 TH
D1102361 1 1 1 90585A628 6 FLAT HEAD SOCKET SCREW, 3/8-16 x 1-1/2
D1102361 1 1 1 92510A780 1 SPACER ALUMINUM, .252 ID, 5/8 OD, 5/8 L
D1102361 1 1 1 9263K696 12 O-RING, 2.5MM WIDTH, 7MM ID APPROVED VITON ELASTOMER, SHORE A 70-75
D1102361 1 1 1 94355A614 1 SKT SET SCRW, FLAT PT, 1/4-28 x 1/2
D1102361 1 1 1 94518A418 2 FLAT HEAD SOCKET SCREW, 10-24 x 3/4
D1102361 1 1 1 9713K61 24 DISC SPRING .255" ID, .500" OD, .018" THICK 47Lb @ .008" DEFLECTION
D1102361 1 1 1 99934A330 1 SKT SET SCREW, 6-32 x 1/8 L, SILVER TIP
D1102361 1 1 1 99934A330 2 SKT SET SCREW, 6-32 x 1/8 L, SILVER TIP
D1102361 1 1 1 AS568A-106 10 O-RING, 3/32" WIDTH, 3/16" ID, APPROVED VITON ELASTOMER, SHORE A 70-75
D1102361 1 1 1 C -816-N 2 SCREW, SOCKET HEAD CAP, #8-32 UNC-2A x 1 long
D1102361 1 1 1 C -820-N 2 SCREW, SOCKET HEAD CAP, #8-32 UNC-2A x 1.25 long
D1102361 1 1 1 C-2020-N 2 SCREW, SOCKET HEAD CAP, 1/4-20 UNC-2A x 1.25 long
D1102361 1 1 1 C-2024-N 3 SCREW, SOCKET HEAD CAP, 1/4-20 UNC-2A x 1.5 long
D1102361 1 1 1 C-2028-N 1 SCREW, SOCKET HEAD CAP, 1/4-20 UNC-2A x 1.75 long
D1102361 1 1 1 C-2412-N 2 SCREW, SOCKET HEAD CAP, 10-24 x .75 LONG
D1102361 1 1 1 D0902829 1 aLIGO, AOS, TMS, ALIGNMENT TELESCOPE, MT. ADAPTER
D1102361 1 1 1 D1000075 1 aLIGO PRIMARY PARABOLIC MIRROR
D1102361 1 1 1 D1001108 6 aLIGO ETM TELESCOPE TUBE LARGE WASHER
D1102361 1 1 1 D1001241 1 aLIGO ETM TELESCOPE BEAM DUMP GLASS
D1102361 1 1 1 D1002728 2 aLIGO TMS PRIMARY MIRROR SIDE CLAMP LOWER
D1102361 1 1 1 D1002731 1 aLIGO TMS PRIMARY MIRROR SIDE CLAMP UPPER
D1102361 1 1 1 D1002732 3 aLIGO TMS PRIMARY MIRROR CLAMP
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ASSEMBLY | qry | ASSEMBLY | gry | ASSEMBLY Hgry | DAL | QTY | DESCRIPTION
D1102361 | 1 1 1 | p1101688 1 | allGO TMS TELE ENTRY END PLATE
D1102361 | 1 1 1 | p1101727 1 | allGO TMS TELE PRIMARY 3 TUBE END PLATE
D1102361 | 1 1 1 | D1102207 1 | allGO TRANSMON TELESCOPE SSTL PLATE
D1102361 | 1 1 1 | D1200527 1 | aLIGO, AOS, TMS, ALIGNMENT TELESCOPE, CENTERING SLEEVE
D1102361 | 1 1 1 | p2n 1 | AUTOCOLLIMATOR
D1102361 | 1 1 1 | FA2014N | 13 | FLAT HEAD SOCKET SCREW, 1/4-20 x 7/8
D1102361 | 1 1 1 | wr-o8 16 | WASHER, FLAT, NO. 8
D1102361 | 1 1 1 | wr2s 28 | .2551D, 468 OD, .032 TH
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VIEW D1102361 SHEET 4 OF 7, THE STARTING ASSEMBLY ORIENTATION OF THE TELESCOPE.
NOTE: END PLATES ARE INVERTED ON A FLAT SURFACE TO ALIGN WHAT WILL BECOME THE TOP SURFACES PARALLEL
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5.8.3 Assembly of D1000243-v3 aLIGO_ETM_TELE_TUBE_AND_INSERTS_ASSEMBLY
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5.8.4 Assembly of D1200244: aLIGO TMS F1 Mirror Assembly
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5.8.5 Assembly of D1102365: aLIGO TMS Telescope Secondary Mirror Assembly
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14 WFV.-08 U-C: COMP, 2B FLAT WASHER, VENTED, .17 ID X 304 OD X 032 THE, 35TL 2
15 S412SKETT McMASTER-CARR  [TEMFREITL SRRING, TIMM O DX AN (DR EGLIV] s
14 POOL0ML] 6 MeMASTER-CARR  [SHIMMING WASHER, 188 ID X 250 OD X 1014 THK, 55TL 3
12 FEDITASZS McMASTER-CARR |26 FLATWASHER, .17 1D X .33 OD ¥ 0232 THE, HAS 1149-CHB32R (OREGUV)| 4
12 FAEATAZ00 McMASTER-CARR  |WASHER, VENTED, NG 4 2
n PIZISATI0 McMASTER-CARR  |SCREW, SHC, VENTED, 24-40 X .50 LG [ OR EQUIV| 3
10 9374108 McMASTER-CARR  [SCREW, SHC, $4-40 X 38 LG, 35TL 2
7 FIREAIFT McMASTER-CARR  |SCREW, 3HC, 26-32 X 25 LG, 55TL 2
3 9715K35 McMAITER-CARR DISC SPRIMG, 174 1D X 322 OO X 0050 THIE, 1.50 Lb & 034 DEFLECTION 2
7 P e mbror . e casen |ALIGO, TMS SECONDARY MIRRCR MT. AISY.
& D1200245 aLHGO TMS FOCUS SLDE ASSEMBLY
f 150 VIEW 5 C1200321 ALIGC, ADS, TS TELESCOPE, SECONDARY MIRROR, MT. BRACKET
[ 4 C1001973 aLiGC TMS FOCUS SCREW
[f 3 D1200579 aLHE0 TMS FOCUS SUDE LOCK
|||I 2 C1001334 aLiZ0 TMS HOLDER SEC. FOCUS
If 1 [EIEIE] QLW TMS THREAD M. 3EC. FOCUS
' o PART HUMBER TOTAL
AlLL END PLATE SCE’EWS_\ SR FAETS Lot I B _
i T P
ARE NOW TO BE VEMTED .mlfo aﬁ:ﬁ“ﬂaﬁ%ﬁm s cic:ﬂbG% ﬁ 'S.{sgg%gs IEI\.'.BL'-' _
ADVANCED LIGD  ADS s swcw cwses
s HiA “Niapnch 0 D1102381 = ,:,...ME)_..L]_..DESE)S. d

118



Advanced LIGO LIGO-E1201012

5.8.5.1 Assembly of D1201077-aLigo Secondary Mirror Mount Tip-tilt Sub-assembly
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5.8.5.2 Assembly of End Telescope Plates and Spacer Tubes

One person holds the bottoms of the End Plate assembly, with invar support tubes
between loosely attached between them, against the table top, while a second person
tightens the flat-head cap screws and fastens the tubes to the end plates with a torque
value of 240 in-Ibs using three iterations.( Alcohol on screws and heads to Torque )

Next, the TMS Telescope Bench Support Assembly D1100933 is attached to the bottoms
of each End Plate.

Note: VIEW D1102361 SHEET 4 OF 7, THE STARTING ASSEMBLY ORIENTATION OF
THE TELESCOPE.

Note: END PLATES ARE INVERTED ON A FLAT SURFACE TO ALIGN AT START,
WHAT WILL BECOME THE TOP SURFACES PARALLEL
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5.8.5.3 Assembly of FM2

Alignment
Support Bridge

Bench Support

Figure 14: FM2 assembly Assembly
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5.8.5.4 Assembly of Primary Mirror

Figure 15: Primary Mirror Assembly
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5.8.5.5 Assembly of FM2 and Secondary Mirror

2ndary Mirror
\\‘“

Fold Mirror 1

Figure 16: FM1 and Secondary Mirror Assembly

5.8.6 Initial Alignment of TMS Telescope

The assembled TMS Telescope, which weighs approximately 58 Ib, will be attached to the TMS
Tele Alignment Support Bridge Assy D1100460, and then lifted 1/8 in above the table by turning the
support screws on the Bridge Assy for initial alignment, as shown in Figure 17.

Remove the D1100933 stabilization bars during the optical alignment procedure.
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D1100933 —>2"a))

2 Places S
TMS Telescope Frame Assy
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Alignment Support

" Bridge Assy

(10
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Figure 17: TMS Telescope Mounted to TMS Tele Alignment Support Bridge Assy D1100460 for Initial

Alignment
VIEW D1102361 SHEET 4 OF 7, THE STARTING ASSEMBLY ORIENTATION OF THE TELESCOPE.

NOTE: END PLATES ARE INVERTED ON A FLAT SURFACE TO ALIGN WHAT WILL BECOME THE TOP

SURFACES PARALLEL
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Figure 18: Completed TMS Telescope Assembly, Hanging from Alignment Support Bridge for
Initial Alignment

5.8.7 T1100603: TMS Telescope Alignment Procedure

The TMS Telescope alignment procedure is described in T1100603: TMS Telescope Alignment
Procedure.
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TMS Telescope Focus and Alignment Setup
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5.8.8 Mounting the ISC Table Assembly to the TMS Telescope

After the optical alignment of the TMS Telescope on the Support Bridge, re-attach the D1100933
stabilization bars. Turn the support screws on the TMS Tele Alignment Support Bridge and lower the
TMS Telescope to rest on the assembly table.

Remove the TMS Tele Alignment Support Bridge Assy to storage, as it will no longer be needed
during the subsequent procedures.

Four people will lift the ISC Table Assembly and place it on top of the TMS Telescope. The ISC
Table will then be attached to the TMS Telescope using the attachment hardware, as shown in
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Figure 19: ISC Table Assembly being mounted to Top of the TMS Telescope
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5.8.9Balancing the TMS Telescope Frame Assembly /ISC Table Assembly
5.8.9.1 Assemble the TMS Tele-opt Table Balance Bridge Assembly, D1100649

The assembled aLIGO TMS Tele-Opt Table Balance Bridge Assembly is shown in Figure 20

Note: Use this Balance Bridge with the assembled Telescope and ISC table to Balance it, prior to
using the support bridge D1100531 for Telescope to ISC table alignment.

Figure 20: TMS Tele-opt Table Balance Bridge Connection-Interface

5.8.9.2 Prepare the Pin-in-Socket Balance Point
Insert the TMS Tele-Opt Table Balance Bolt into the ISC Table Extension, as shown in Figure 21.
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SEE D1102252 1 D1102250
01100645/ D1101097

Ry g

Figure 21: Balance Bolt Inserted into ISC Table Extension

Set the height of the pointed pivot screw to the nominal value, so that the pin and the socket will
contact when the Balance Bridge is placed below the ISC Optics Table.
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SECTION A-A

Figure 22: TMS Tele-Opt Table Balance Bolt
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Figure 23: Detail of Balance Pin and Socket Positions
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Figure 24: Detail of Pivot Pin Mating with Pivot Socket
5.8.9.3 Support the ISC Table / TMS Telescope Assembly with the Balance Bridge
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Place the Balance Bridge on the assembly table underneath the ISC Table, by straddling the lower
invar tube of the Telescope, as shown in Figure 25. Position the Balance Bridge so that the Pivot Pin
on the Bridge and the Socket Bolt on the ISC Table are aligned.

Raise the leveling pad feet of the Balance Bridge iteratively, until the Telescope is lifted
approximately % in above the assembly table. Clamp the feet against the assembly table with dog
clamps.

Remove the stabilizing bars on the bottoms of the Telescope End Plates.

5.8.9.4 Balance the ISC Table / TMS Telescope Assembly, See Table Assembly for
Nominal Position of Trim Masses. First Article 80kg., Production 82kg.

Move the adjustable balance weights on the underside of the ISC Table until the ISC Table is
balanced in a horizontal plane. Note the nominal location of the trim masses per D1102291

1 -

) . o) /x

il 1L :

= CEROI R G IABLE—- = & o —
& = u
d .Ii I s ]- %" 1 [ n%_ ‘1

/I N\ : |
L)) |
\\"‘\\\.-::/ ~/ — !

Figure 25: Balance Bridge supporting the ISC Table/ TMS Telescope Assembly

5.8.10 Suspending the TMS Telescope Frame Assembly/ISC Table Assembly from
the TMS Optical Table Support Bridge Assy D1100531

The Optical Alignment between the ISC Table and the TMS Telescope will be accomplished while
the TMS Telescope Frame Assembly/ISC Table Assembly is suspended. To do this, the TMS
Telescope Frame Assembly/ISC Table Assembly will be suspended with straps from the TMS
Optical Table Support Bridge Assy to simulate the suspension wires.

Place the TMS Optical Table Support Bridge Assy D1100531 on the work table to straddle the
combined TMS Telescope Frame Assembly /ISC Table Assembly structure, as shown in the figures
below. Table clamps, shown in Figure 26, are fastened to immobilize the suspended Telescope
Assembly. Note: Telescope /Optical table is a complete as installed in Chamber
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Table Clamps

Figure 26: TMS Optical Table Support Bridge Assy D1100531
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Figure 27: TMS Optical Table Support Bridge Assy Straddling the Combined TMS Telescope/ISC
Table Assembly Structure

Attach the suspension straps to the mounting holes of the ISC Table Assembly structure and adjust
the leveling pad feet equally, in increments, to raise the Telescope assembly approximately 1/8 in
above the assembly table, as shown below.
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Figure 28: TMS Telescope/ISC Table Assembly Suspended by Straps to the ISC Table Assembly
structure

5.8.11 Mounting the AOS ETM Telescope Upper Suspension Frame and Top Mass to
the Tele-opt Table (Bosch Frame)

Level the Tele-opt Table Frame Plate D1100807 on the Bosch Frame by adjusting the leveling pad
feet, as shown in Figure 29.
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Tele-opt Table
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SOMETRIC FROM TOP

Leveling Pad
Foot

Figure 29: TMS Tele-opt Table on Bosch Frame

A Genie lift, with special lifting forks attached (see Figure 30) and with the legs splayed
appropriately to avoid tipping over of the load, will lift the Upper Suspension Frame and Top Mass

(see Figure 31) up to the underside of the Tele-opt Table Frame Plate D1100807 on the Bosch
Frame, as shown in Figure 32.
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Figure 30: Modified Genie Lift Forks, D1100886

The combined Upper Suspension Frame and Top Mass weight is 273 Ibs (124kg).

Figure 31: Upper Suspension Frame and Top Mass
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Figure 32: Genie Lift supporting Upper Suspension Frame and Top Mass

5.8.12 TMS Test Mass Assembly, D1002097

A Test Mass will be used as a payload for the preliminary adjustment of the Top Mass control
system.

5.8.12.1 Assembly of the Test Mass

The assembled TMS Test Mass is shown in Figure 33. Weighs: 80 kg First Article, 82kg
Production. The various attached weights can be repositioned to change the location of COM. The
suspension wires from the Upper Mass attach to the D1002240 aLIGO TMS Tele Wire Clamp Base,
as shown in Detail A.
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Figure 33: TMS Test Mass Assembly

5.8.12.2 Balancing the Test Mass
The Test Mass will be lifted by four people, while a fifth person places the

D1201330 aLIGO TMS Test Mass Balance Ball and spacer under the Test Mass Plate to mate with
the locating hole, as shown in Figure 34.

The movable balance weights will be positioned so that the Test Mass is balanced in a level
horizontal plane.
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Figure 34: Placement of Balance Ball beneath the Test Mass

5.8.12.3 Installing the Test Mass: 80kg First Article (WBSC6) Production 82kg

The Genie lift adjustable forks will be positioned beneath the Test Mass, and the Test Mass will be
transported under the Bosch Frame and lifted to a height that enables the hanging suspension wires
from the mounted Top Mass to be connected to the Test Mass. The suspension wires will then be
secured to the ISC Table mounting locations, as shown in the figures below.

‘EW
O ATTACH ™,

Figure 35: Test Mass Suspended from Top Mass
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5.8.12.4 Adjust the TMS Control System with Suspended Test Mass

5.8.12.5 Removing the Test Mass

After the Top Mass OSEM Controls have been adjusted, the suspension wires will be disconnected
from the Test Mass, and it will be lowered using the Genie lift, as described in section 5.8.12.3, and
transported to a storage area.

5.8.13 Mounting the TMS Telescope Frame Assembly/ISC Table Assembly to the Top
Mass

A modified Genie lift, with adjustable forks and with the D1100841 TMS Tele-opt Table
Install Tool attached, is shown in Figure 36 and Figure 37. See: D1100908 For application
w/ Genie Lift.

Note: Use D1200355 Height Spacers, under #2, to for additional Working Room between
Underside of Table and Tool Plate #1

23

:::2 -’;.I ey { f
-— ‘“M\H L= o
A NS
L o

Figure 36: TMS Tele-opt Table Install Tool Assy
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Figure 37: TMS Tele-opt Table Tool Assy-Genie Fork Connection
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Lift the TMS Telescope/ISC Table Assembly from the assembly table using the Genie lift and
transport it to the Bosch Frame (just as was done to transport and lift the Test Mass). Lift it to the
level of the suspension wires hanging from the Top Mass, and connect the Top Mass suspension
wires to the TMS Telescope/ISC Table--in the middle hole of the attachment bracket) and suspend
it, as shown in Figure 38.

Final adjustment of the TMS control system will be done while the TMS Assembly is mounted to
the Bosch Frame.

NOTE: SEE SECTION 9.0 FOR BEAM DISTANCE FROM CARTRIDGE TABLE

Figure 38: TMS Assembly attached to Tele-opt Table Frame Plate on Bosch Frame
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5.8.14 Adjustment of TMS Control System will Suspended TMS Telescope/ISC Table
Assembly

6 TMS Installation Procedure

6.1 Transporting and Mounting the TMS System to the ISI Cartridge

The TMS System will be transported and installed on the ISI Cartridge in two steps: 1) First install
the Top Mass, and 2) suspend the TMS Telescope/ISC Table Assembly from the Top Mass. This
procedure requires reversing the procedure described in section 5.8.13 to detach the suspended TMS
Telescope/ISC Table Assembly from the Upper Suspension Frame and Top Mass in the Bosch
Frame.

Whenever the ISC Table Assembly is moved or transported, the Protective Covers (D1102411,
D1102349, D1102329, D1102328) shown in Figure 39 should be in place. Ref D1102327 assem.

Figure 39: Transmon ISC Protective Cover
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Remove TMS Telescope/ISC Table Assembly from the Upper Suspension
Frame and Top Mass

1. Release the tension on the suspension wired by raising the Genie lift against the Safety
Support Assembly, shown in Figure 2, until the blade springs rest against their stops.

2. Unscrew the 1/4-20 SHCS which hold the wire clamp onto the short cross bar (two per

wire clamp). Although not difficult, they are awkward to reach, especially at the side of the
secondary mirror!! Have one person underneath the Tele working on the screws, while a
second person keeps the suspension wire under tension from above. Because the suspension
wire is quite thick you can control the orientation of the wire clamp. This will greatly help
the person underneath unscrewing the SHCS. Note: someone with small hands has an
advantage.

2. Attach the TMS Telescope Bench Support Assembly D1100933 to the bottoms of each
End Plate.

3. Once all wires are removed, the Genie will be rolled away, and the TMS Telescope/ISC
Table Assembly will be placed temporarily on a work table.

Prepare Upper Suspension Frame and Top Mass

1. Reposition the four electrical cables such that they do not cross underneath the Upper
Suspension Frame and Top Mass.

2. Install the 5-axis SUS platform onto the Genie forks. The total nominal weight of the cube
+ cage + 5-axis SUS platform is approximately 275 Ibs. Rotate the platform such that it can
rotate by at least 180 degrees in both directions (CW and CCW), along the vertical axis once
the Upper Suspension Frame and Top Mass is mounted on the platform.

3. Bring the Genie underneath the Upper Suspension Frame and Top Mass, which is still
hanging from the Bosch frame. One point to check is the location of the Upper Suspension
Frame and Top Mass on the 5-axis platform. You want to locate the ‘front’ of the Upper
Suspension Frame and Top Mass as close to the edge of the platform as possible, as this will
aid during the mounting on the ISI platform next to the ETM, which is fully assembled. The
clearance between the TMS and the ETM is approximately 4 inch.

4. Mount the Upper Suspension Frame and Top Mass to the platform and unclamp the cube
from the Bosch frame.

5. Lower the Upper Suspension Frame and Top Mass to knee height and cover with the
clean-room cover.

6. The Upper Suspension Frame and Top Mass is now ready for transport to the ISI.

Attach Upper Suspension Frame and Top Mass to Cartridge

The Suspension Frame will be placed on the ISI Optical Table at the local coordinates specified in
D0900419 AdvLIGO SUS BSC6-H2, XYZ Local CS for TMS ETM Tel Assy. Refer to E1101131
BSC6 H2, Test Stand, Quad, TMs, Tooling Clearances, aLIGO
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Protective covers for the ETM must be in place.
Note: D1300448 TMS Cartridge Swing Stop Tool is used to prevent TMS and ETM from Bumping

Use the Genie lift to transport and lift the Upper Suspension Frame and Top Mass up to the ISI table
on the Cartridge placed on top of the Test Stand, as shown in Figure 40. This portion of the TMS
Assembly weighs 273 Ibs (124kg). Place the Frame against the preset location stops on the ISI
Optical Table, as described in D1101260.

ISI Ca
Assem

-"" ‘-"'I
NHear Side Cross Beam Hidden

Suspension
0 Top Mass

|
/- : est Stand

Mear side
Gusset
Hemoved

Mear side
Gusset
Removed

Figure 40: Upper Frame and Top Mass Attached to Cartridge Assembly
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6.1.4 Attach TMS Telescope/ISC Table Assembly to the Top Mass Suspension Wires
The Transmon ISC Protective cover should be in place.

Use the Genie lift to transport and lift the TMS Telescope/ISC Table Assembly up to the suspension
wires hanging from the Top Mass, and attach to the suspension wires following the procedure
described in section 5.8.13. This portion of the TMS Assembly weighs 176 Ibs (80 kg).

6.2 Final Installation inside BSC

6.2.1 Preparing the TMS System for Cartridge Flight into the BSC

After alignment of the TMS Assembly and before transporting or installing the TMS Assembly to the
Cartridge, install the Transmon ISC Protective cover.

The Transportation-Installation Restraints must also be in place to protect the TMS from damage by
securing its suspended components per the Transportation-Installation Restraint Procedure, E1100841.
Refer to the restraint tooling assemblies D1001891, D1101506, D1101559, D1101565 and related
hardware to the TMS Assembly, with reference to Tooling Layout D1101307 and Assembly Drawing
D1000549.

D1300248 Swing Stop Tool is used to Prevent the TMS and ETM from Bumping, NOTE: see p. 160
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Figure 41: Restraint Tooling Layout (D1101307), when
Transporting the Cartridge

6.2.1.1 TMS Transportation-Installation Restraint Procedure, E1100841
6.2.1.1.1 Adjust & Install Eye-Bolts

Adjust the 2 Eye-Bolts of the TMS Assembly according to Tooling Layout D1101307, view D-D. Install
the additional tooling eye-bolts, nuts & washers according to Tooling Layout D1101307 (Parts List items
1,2, &3).

6.2.1.1.2 Install Vertical Safety Chains

Install the 4 Vertical Safety Chains D1001891 according to Tooling Layout D1101307. Tighten the nuts
on the eye-bolts to raise the TMS Telescope/ISC Table Assembly until the Top Mass blade springs
rest against their stops and the suspension wires become slack.
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6.2.1.1.3 Lift Telescope

Lift the suspended Telescope .35" to .5" according to Tooling Layout D1101307, using the 4 Vertical
Safety Chains.

6.2.1.1.4 Install Turnbuckles

Install Turnbuckle assemblies D1101506 (2), D1101559 (2), & D1101565 (4), adjusting them snugly
according to Tooling Layout D1101307 to secure the suspended Telescope.

6.2.1.1.5 Secure Upper Mass

Secure the upper mass using the Earthquake Stop Screws and jam nuts of the TMS Assembly (see
Assembly Drawing D1000549, Parts List items 21 & 22). Adjust the lower 4 Earthquake Stop Screws to
touch the bottom of the Upper Mass. Adjust the upper 4 Earthquake Stop Screws to clamp down on the
top of the Upper Mass to fully restrain it. Tighten all 8 jam nuts.

6.2.2 Cartridge Flight into the BSC
Fly the Cartridge with the TMS into the BSC.

Figure 42: TMS Assembly being Installed in BSC

6.2.3 TMS Seismic Safety Stop Structure Attachment to TMS
Assemble the TMS Seismic Safety Stop Structure D1001781, as shown in Figure 43.
After the TMS is placed inside the BSC, attach the TMS Seismic Safety Stop Structure D1001781
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To the Chamber wall brackets as shown in Figure 45, Figure 44, and Figure 45.

The Seismic Safety Stop Structure supports a rod that extends thru the eye-bolts of the TMS
Telescope Safety Support Beam Assembly located at the end edge of the optical table; it will restrain
the TMS from violent motion. In normal operation, the rod passes clearly through the inside
diameter of the eye-bolts without making contact with the suspended TMS assembly; this
arrangement limits travel motion but will not interfere with the normal operation of the suspended
TMS.
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Figure 43: TMS Seismic Safety Stop Structure (D1001781)
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Restraint Bar

Figure 44 Earthquake Restraint
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INSTALLATION PROCEDURE FOR THE SEISMIC STOP INTERFACETO TMS
WITHIN BSC CHAMEBER:

DOP00£1F TMS ASSEMELY.
SHOWHN FOR REFERENMCE OHLY
1. THE INSTALLATION OF THE SEISMIC STOP STRUCTURE WILL BE DONE

AFTER THE CARTRIDGE INSTALLATION.

2. TAKE STRUCTURE (D1001781) WITHOUT STOP ROD SUB-ASSYAND ATTACH
END MOUNTING BRACKET (D100192%) TO THE INTERNAL RIB OF THE CHAMBER
USING THE HARDWARE REQUIRED, AS SHOWN IN DETAIL "B" PAGE 1.

T DINF

L)

3. INSERT STOP ROD SUB-ASSY (D1001941) ALONG THE TWO MODIFIED EYEBOLT
{D1001141)LOCATED AT THE BACK OF THE TMS OPTICAL TABLE. MAKE SURE THE
EYEBOLTS ALIGN WITH THE ©-RINGS SECTION OF THE SEISMIC STOP, AS SHOWN
IN DETAILS "D" AND "E" ON THIS PAGE.

DOR00£15 TRAS ASTEMELY,
SHCYAN FOR REFEREMCE ORLY

TP RO SUB-ASSEMELY:

| 1SO VIEW SHOWING INTERFACE
BETWEEN SEISMIC STOP AND TMS
| (VE SECTIONED FOR CLARITY)

DETAIL "E”

HGo R R AR ey
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o EEEE]

Figure 45: Seismic Stop Installation Procedure
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6.3 Pull Back Procedure for Maintenance of ETM

The TMS Telescope/ISC Table Assembly will be supported by the Vertical Safety Chains
and pulled back during maintenance of the ETM Quad assembly, as shown in Figure 46,
and held in place by the Seismic Safety Stop. The procedure is described below.

Vertical
Seismic Safet
Stop Assembly

Disconnected
Vertical Safet
Wire Assembl;i,\A

Figure 46: TMS Telescope Pulled Back to Service the ETM, Elevation View
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-:1I’jl

3¢

Figure 47: TMS Telescope Pulled Back to Service the ETM, Top View

6.3.1 Disconnect the Vertical Safety Wire Assembly

Remove the screws that connect the Vertical Safety Wire Assembly to the Telescope
Frame. Be careful not to drop the captured washer between the bracket and the Telescope
Frame, and the captured washer underneath the screw head. Keep the hardware for
subsequent re-attachment after the pull back procedure is undone.
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Figure 48: Vertical Safety Wire Assembly Connected to the TMS Telescope Frame

6.3.2 Disengage Earthquake Restraint from the TMS

6.3.2.1 Attach the Seismic Safety Stop Chain

The Seismic Safety Stop Chains are hanging permanently on the Seismic Safety Stop
Structure inside the BSC. Unhook the threaded mechanical link and wrap the chain
around the TMS Stop Rod, as shown in Figure 49.
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L
Replace Link With A / Stop Chain
REF @ Part 3712T31 Mc Master

Same as D1001891 ltem #2 ™

\ Seismic Safety

5X

End Bracket
Rod

==

] &X '
Attachment \"'IJ

Bolt and
Washer

Figure 49: Seismic Safety Stop Chain attached to TMS Stop Rod

6.3.2.2 Free the TMS Stop Rod

Unscrew the attachment bolt that fastens the TMS Stop Rod to the TMS End Bracket
Rod. Be careful not to drop the captured washer. Keep the hardware for subsequent re-
attachment after the pull back procedure is undone.

6.3.3 Attach Vertical Safety Chains and Pull Back
Install the Vertical Safety Chains as described in section 6.2.1.1.2.

Slide the TMS Horizontal Restrain Link to the center of the TMS Stop Rod against the
Two Piece Collar, as shown in Figure 50.
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Figure 50: Positioning of Horizontal Restrain Link on TMS Stop Rod, as Seen from
Below

Two people will grab the TMS Stop Rod and pull the ISC Optical Table/ Telescope
Assembly toward the Earthquake Stop Cross Bar. A third person will apply the bolt and
nut from underneath to attach the Restrain Link to the Rod End, as shown in Figure 51.

Figure 51: Detail of Horizontal Restrain Link attachment to Earthquake Stop
Cross Bar, View from Back of TMS Assembly
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7 Appendix A: Useful Balancing and Alignment Data

The Telescope and Optical Table Assembly First Article
Assembly: Total mass 80 kg

The Telescope and Optical Table Assembly Production
Assembly: Total mass 82 kg

1. TMS system is Weighed and Massed Properly Using the Telescope and Table Drawing
D1002460 to roughly locate added Cylinder Masses. (this has been changed due to new
mass properites)

2. The Cylinder Masses are positioned for Balance per the Balance Bridge (page 129) and
instruction text, note the trim pitch and roll mass locations per instructions.

3. The assembly is lowered to the table and then attached to the D1100531 Bridge to
align the Telescope to the ISC table per outlined procedures.
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Appendix C: Related Documents

T1300639 Primary Mirror Installation Procedure

D060310 Advanced LIGO, SUS, QUAD N-PType Tablecloth

D060324 SUS, Quad N-Ptype Top Stage, Blade Cartridge

D060370 Picture Book

D0900419 AdvLIGO SUS BSC6-H2, XYZ Local CS for TMS ETM Tel Assy
D1000484: ISC Transmon Assembly

D1000549 Upper Intermediate Mass Top Assembly

D1001781 TMS Seismic Safety Stop Structure

D1001891: aLIGO TMS VERTICAL SEISMIC SAFETY STOP ASSEMBLY
D1002097 aLIGO_TMS_TEST_MASS_ASEM

D1002097 TMS Test Mass Assembly

D1100460: aLIGO TMS TELE ALIGNMENT SUPPORT BRIDGE ASSY
D1100531: aLIGO TMS OPTICAL TABLE SUPPORT BRIDGE

D1100613: aLIGO TMS TELESCOPE ASSEMBLY ALIGNMENT STABILIZATION
TOOL

D1100649: aLIGO TMS TELE-OPT TABLE BALANCE BRIDGE ASSY
D1100807: aLIGO TMS Setup Table Bosch-Frame Assembly

D1100827: VERTICAL SAFETY WIRE ASSEMBLY

D1100841: aLIGO TMS TELE-OPT TABLE INSTALL TOOL ASSY
D1100886: MODIFIED GENIE LIFT FORKS

D1100933: aLIGO TMS TELESCOPE BENCH SUPPORT ASSEMBLY
D1101064: aLIGO TMS FIRST ARTICLE INSTALLATION AND TOOLING
D1101130: aLIGO TMS TELESCOPE SAFETY SUPPORT BEAM ASSY
D1101163: aLIGO TMS Telescope SUS Wire Assembly

D1101166 TMS Upper Suspension Wire Assembly

D1101307 aLIGO TMS Telescope Safety Support Assemblies

D1101361: TMS TOOLING TELESCOPE I-P ALIGNMENT MIRROR ASSEMBLY
D1101487: TMS TOOLING TELESCOPE O-P ALIGNMENT MIRROR ASSEMBLY
D1101510: aLIGO TMS TELE ALIGNMENT 6in MIRROR MOUNT ASSY
D1101526 aLLIGO TMS Mass Balanced Assembly

D1102291: aLLIGO TMS ISC Table Structural Assembly

D1102361: aLIGO TMS Telescope Frame Assembly

D1200453 aLLIGO TMS Upper Structure Weldment

E0900047 Contamination Control Plan

E1000006 Advanced LIGO Quad Suspension Metal-Build Assembly Procedure
E1100841 Transportation-Installation Restraint Procedure (integrated into this doc.)
E1101131 BSC6 H2, Test Stand, Quad, TMs, Tooling Clearances, aLIGO
E1200049 aLIGO Transmission Monitor Suspension Installation Plan
F0900052 Advanced LIGO Inventory Database Part Import

T1000674-v2 TMS wire assembly procedure

T1100304 TMS ASSEMBLY and ALIGNMENT DOCUMENTATION
T1100603: TMS Telescope Alignment Procedure

T1200388 TMS Wire Jig Assembly

D1101624 Install Tooling (reference for other sub-systems)
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8 TMS Swing Stop Tool Used on Cartridge Installation w/ETM

D1300248 TMS Swing Stop Tool ( Used to Prevent the TMS and ETM from Bumping)
See Page 146

used when TMS and ETM are mounted on the Cartridge. Note counter weight disc's are
fixed from sliding off with long cap screws, nuts are not required.

This Drawing needs minor Update as of 6-18-13
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9 TMS BEAM CENTER LINE DISTANCE FROM CARTRIDGE
TABLE

9-10-13 K Mailand
Distance of TMS Telescope Input Beam from
Cartridge Table
Reference Dimension - V3

Distance from Cartridge Table surface to Beam Center Line is: 68.58" + /-
.28" (1742mm) +/- 7mm

This can be measured from the Horizontal scribed line on the end plate,
(Fig. 2) Ref. line crosses the center on End Plate beam hole.

68.58"
{(1742mm)

Beam Centerline

-
| el
.

Alternate measurement

Cartridge to Bottom of
Telescope End Plate at
Center

Fig 1.
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From table to bottom of flexure From table to mscribed line 1s 54.357"(1380.67 mm)
feanre is 53.439"(1357.35 mm)

TMS Telesco

nt ( Input ) End Plate
: 1

01101688

Scribed Beam
Center Line
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10 TMS TOOLING USED DURING VARIOUS STAGES OF

LIGO-E1201012

INSTALL ON BOSCH FRAME AND CARTRIDGE
Genie Transfer tool D1100908 and Optional D1200355 spacers. Ref. section 4.6 /4.10

TOOLING USED DURING
VARIOUS STAGES on INSTALL

DCC
Numbers

Notes: Refer to E1201012 overall TMS installation
procedure.

Additional Notes

BOSCH FRAME

|

ON BOSCH FRAME (Suspended)

OUT - SWING STOP TOOL, - DCC D1300248
IN - FRONT SAFETY WIRE, - DCC D1100827
OUT - Stabilization tooling, - DCC D1100613
IN - CHAINS, DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307
OUT -ISC Cover, DCC D1102327

Chains - chains and eye
disks should not contact
telescope during functional
tests. , see D1101307

ON BOSCH FRAME (Working on
telescope or Away i.e. overnight /
weekend)

OUT - SWING STOP TOOL - DCC D1300248

IN - FRONT SAFETY WIRE - DCC D1100827

IN - Stabilization tooling, - DCC D1100613

IN - CHAINS. - DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307

IN - ISC Cover,DCC D1102327, (WHEN NEEDED)

TEST STAND 'Cartridge’

ON TEST STAND 'Cartridge’
(working on telescope)

IN - SWING STOP TOOL, - DCC D1300248
IN - FRONT SAFETY WIRE, - DCC D1100827
IN - Stabilization tooling, DCC D1100613
OUT - CHAINS, - DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307
OUT - ISC Cover, - DCC D1102327

ON TEST STAND (working on
BOSEM adjustment / blade
adjustment)

IN - SWING STOP TOOL, - DCC D1300248

IN - FRONT SAFETY WIRE, - DCC D1100827

IN - Stabilization tooling, - DCC D1100613

OUT - CHAINS, - DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307

IN - ISC Cover,DCC D1102327- Used to protect
optics when e.g. working BOSEMS - then
removed
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ON TEST STAND ‘'Cartridge’ IN - SWING STOP TOOL - DCC D1300248
(suspended - testing BOSEMS or IN - FRONT SAFETY WIRE - DCC D1100827
transfer function) OUT - CHAINS, - DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307
OUT - Stabilization tooling, - DCC D1100613
OUT - ISC Cover, DCC D1102327

ON TEST STAND 'Cartridge' (Away IN - SWING STOP TOOL - DCC D1300248
i.e. overnight / weekend) IN - FRONT SAFETY WIRE, - DCC D1100827
OUT - CHAINS, - DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307
OUT - Stabilization tooling (Item #6 in
D1101064)

OUT - ISC Cover, DCC D1102327

FLIGHT

FLIGHT OUT - SWING STOP TOOL - DCC D1300248 Chains - chain and eye
IN - FRONT SAFETY WIRE, - DCC D1100827 disks should be adjusted
IN - CHAINS DCC D1001891 to lift telescope, Per
Per Installation Procedure Installation Procedure
IN - TURNBUCKLES, - DCC D1101307
OUT - Stabilization tooling, - DCC D1100613
IN - ISC Cover, DCC D1102327

IN CHAMBER ’ ‘

IN CHAMBER (work e.g. aligning) OUT - SWING STOP TOOL - DCC D1300248

IN - FRONT SAFETY WIRE, - DCC D1100827
OUT - CHAINS, - DCC D1001891

OUT - TURNBUCKLES, - DCC D1101307
IN - Stabilization tooling, - DCC D1100613
OUT - ISC Cover, DCC D1102327 (UNLESS
NEEDED)
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IN CHAMBER (doors closed) IN - *NEW™* Seismic Safety Stop D1001781 D1001781 is installed in

OUT - SWING STOP TOOL - DCC D1300248 the BSC, there is a

IN - FRONT SAFETY WIRE, - DCC D1100827 description of the

OUT - CHAINS, - DCC D1001891 installation procedure for

OUT - TURNBUCKLES, - DCC D1101307 this in E1201012, 6.2.3,

OUT - Stabilization tooling, - DCC D1100613 and noted on drawing,

OUT - ISC Cover, DCC D1102327 also use gage D1101486
To set clamping torque by
Gauge gap.

11 TMS ROLL AND PITCH ADJUSTER PROCEDURE

Using D1002460 page 2 and more importantly D1102291 pages 5 and 7 you will see
(along with the text below) i) the starting positions of the pitch and roll devices ii) how to
un-lock these devices iii) how to move them and iv) how to lock them (same as #2).

ROLL ADJUSTER

i) Starting position of roll adjustment mass (page 5 of D1102291) - Ref dimension in
zone B8.

ii) and iv) Blow out in zone D3 shows un-lock and re-lock screws

iii) Detail E shows the mechanism to adjust - use Allen key

PITCH ADJUSTER

i) Starting position of roll adjustment mass (page 7 of D1102291) - Ref dimension in
zone D3.

ii) and iv) in zone A4 and A5 you will see fasteners in slots. These should be loosened
prior to adjusting. They can also be moved to different slots as needed

iii) Detail F shows the mechanism to adjust - use Allen key
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