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Assembly of Advanced LIGO BSC ISI

Clean room standards
For a clean assembly all LIGO standards should be followed, as presented in the latest version of the LIGO Contamination Control Plan (E0900047). Clean room garb including UHV gloves should be worn when working with parts. 
All tools that come in contact with assembly should be cleaned to class B standards.
Assembly will be done under a portable clean room.  Any time a part of the assembly is not covered by the portable clean room or not being actively worked on it should be covered with appropriate clean covers. (C3 polyester or equivalent).

Torque Values for Bolts:
Standard torque values according to manufacturer standards for screw material should be used.


See E1000402 matrix to identify what and how many helicoils and or dowel pins 
to be inserted to parts this document is to supply insertion instruction for the parts.
When applying dowel pins to the large plates (Detailed first) a hammering technique
must be employed. This technique is illustrated in Appendix C and see a portion of T0900570 shown below a normal dowel application will insert the dowel into the Counterbore (lead in) hole and press the dowel to full depth of the pin hole (Hole Depth). Any deviation from this will be called out.
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List of all parts that need to be prepared: List does not include Actuator Parts see individual actuator procedure for application details.

    P/N                           Helicoils:                   Dowel pins:
D0900894			y			y			
D0900895			y			y
D0901516			y			y
D0901517			y			y
D0901518			n			y
D0901519			y			n
D0901520			y			y
D0902273			y			y
D0902279			y			y

Smaller parts may use arbor press to install.
D0901499			y			y
D0901521			y			y
D0901522			y			y
D0901530			n			y
D0901531`			n			y
D0901532			n			y
D0901533			y			y
D0901535			y			y
D0901536			y			y
D0901537			y			n
D0902274			y			y
D0902276			y			n
D0902277			y			y
D0902278			y			y
D0902281			y			y
D0901554			y			n
D1100564			n			y

Tools required: 
QTY 	Part Number 	Description
1 	48" 3 pt sling
3 	MM 2949T35	hoist rings with ½” threaded bolt (max load per ring 1250 lbs) 
or	
3	MM 33045T53 shoulder eyebolt (max load per bolt 2400 lbs)
6 	2-4-6 tooling blocks
1 	height gage
1 	3/8" helicoil installation tool
1 	1/4" helicoil installation tool
1 	5/8" helicoil installation tool
1 	3/8" tangs breaker
1 	1/4" tangs breaker
1 	5/8" tangs breaker
1 	10 - 150 ft lb torque wrench


[bookmark: _Toc246219121]Stage 0 plates on granite table 
Drawings: D0900894, D0900895   to determine where and what size dowel pins or Helicoils to install.

Parts required
QTY 	Part Number 	Description	Weight
1 	D0900894 	bottom part	636 lbs
1 	D0900895 	top part	573 lbs


Note: To move these large parts, use the three 1/2-13 eyebolts holes equally spaced on them, circled in red on Figure 1.1. The three green circles of this figure shows where the 1/2-13 eyebolts should be attached on the other side (if the plate needs to be flipped). They are at the same positions on both D0900894 and D0900895. 
Torque them to manufacturer value.

[image: ]
[bookmark: _Ref244654369]Figure 1  Location of 1/2-13 holes for sling attachment on D0900894 vent grooves not shown
1. Place bottom part (D0900894) on level tooling blocks on granite table- ribs side down.










Preparation of D0900894: see drawing D0900894
Hardware: See E1000402 matrix  for required hardware
1. Apply helicoils in locations  shown  Figure 2 
                                                                                                       Figure 2
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[image: ]2. Place D0900894 with helicoiled surface(flat surface with grooves) facing down and 
pocketed surface facing up.
3. Insert dowel pins see Appendix C  for insertion depth, apply 1/2 x 1.25 dowel pin Qty. 3 in locations shown on Figure 3.

                                                                                                    Figure 3


                                                                       



Preparation of D0900895: see drawing D0900895  (1/3 of the part is shown)
Hardware: See E1000402 matrix  for required hardware
1. Apply helicoils in locations  shown  Figure 4 and Figure 5 see Appendix C for Qty.
and p/n
[image: ]                                                                                               Figure 4


                                                              Figure 5
                                    (1/3 of the part is shown)
                                 

[image: ]

Hole designation ID pattern is arrayed 3X disregard holes with letters F,G and H 
A=5/8-11  helicoils
C=3/8-16 helicoils
E=1/4-20 helicoils
2. Insert 1/2" dowel pins Qty. 6 as shown on Figure 5 and Appendix C for p/n and  illustration for 1/2 x 1.25 dowel pin.
B=1/2" dowel pin holes
D=3/8 dowel pin holes 3. Insert 3/8" dowel pins Qty. 15 as shown on Figure 5  and Appendix C for p/n and  illustration for 3/8 x 1 dowel pin. 


Stage 2 plates on granite table ( 1/3 of the part shown)
Parts required
QTY 	Part Number 	Description				Weight
1 	D0901516 	solid optical table (facing down)	932 lbs
1 	D0901517 	cut-out optical table (facing up)	685 lbs

Preparation of D0901516: see drawing D0901516 ( 1/3 of the part shown)
1. Place D0901516 on granite table using level blocks, ribbed side down Figure 6.1
 Install Heliciols  all 3217 on the Top (not shown below) and install helicoils labeled 
 B=3/8-16 helicoils 
C =1/4-20 helicoils.  
E=5/8-11 tapped holes for lifting 
2. Rotate plate install Dowel pins see Figure 6.2 and Appendix C for p/n and illustration for 1/2 x 1.25 dowel pin, Figure 6.2. install Helicoils on the ribbed side  labeled 
#3=3/8-16 helicoils . Hole designation ID pattern is arrayed 3X  
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               Fig 6.1                                                                                            Fig 6.2               



Preparation of D0901517: see drawing D0901517 (1/3 of the part is shown)
1. Place D0901517 on granite table rib side down install  dowel pins in locations labeled  
B  and E =3/8  dowel pin holes 
see Appendix C for p/n and  illustration for 3/8 x 1 dowel pin Qty. 30 as shown on Figure 6.1.  Hole labeled D is 5/8-11 for lifting Fig 7.1. 

1. Rotate plate Place D0901517 on granite table using level blocks, ribbed side up
Install Helicoils locations labeled 
#1=3/8-16 helicoils
 and Dowel pins 3 locations labeled #2 See arrow Fig 7.2. 

[image: ]                                        Fig 7.1                                                             Fig 7.2 













Preparation of D0901518: see drawing D0901518
1. Rotate plate install  dowel pins in locations noted, Insert 1/2 x 1.25" dowel pins see Appendix C for p/n and  illustration for 1/2 x 1.25 dowel pin see Figure 8
[image: ]
                                                                                   Figure 8





















Preparation of D0901519: see drawing D0901519 
1. Install helicoils in locations shown Figure 9 There are no dowels installed in this part.
[image: ]A and C=3/8-16 helicoils and holes                                                                                    Figure 9

E=5/8-11 helicoils used for lifting.






Preparation of D0901520: see drawing D0901520
1. Install helicoils and dowels in locations shown Figure 10 and detail Figure 11 Dowels to be inserted on non-grooved side.
2. "B"= 3/8-16 helicoils
     "C"= 1/4 dowel pin holes
     "D"= 3/8 dowel pin holes
     "E"= 1/4-20 helicoils
[image: ]
                                                                                     Figure 10



                                                                                         Figure 10


[image: ]                                                                                     Figure 11
                                                                Detail of D0901520





Be absolutely sure to press in the vented dowel pins as shown in Figure 11 this is required for proper venting of the GS-13 vertical assembly







Preparation of D0902273: see drawing D0902273
1. Install helicoils and dowels in locations shown Figure 12 see appendix C for p/n and installation instructions



[image: ]
                                                                Figure 12
















Preparation of D0902279: see drawing D0902279
1. Install helicoils and dowels in locations shown Figure 13.1 and 13.2 see appendix C for p/n and installation instructions

[image: ]Hole designation ID pattern is arrayed 3X  
A and #1= 3/8 dowel pin holes (note location of 3/8 x 5/8" dowels) 
#3=3/8-16 helicoils
#4=1/4-20 helicoils.  Helicoils are inserted from the same side as shown.



                  Fig 13.1				 	                      Fig 13.2










9. Insert 3/8 x 5/8" dowel pins Qty. 12 (only 4 shown on Figure 14  .535" deep (dowel will not bottom out) and must remain .09 above surface see appendix C for P/[image: ]
                                                        Fig 14
10. Insert 3/8 x 1" dowel pins Qty. 6 marked "A" as shown on Fig 12.1 and Qty 27 marked  #1 Fig 12.1. Press dowel per appendix  C for P/N and illustration for 3/8 x 1 dowel pin.
11. Install 3/8-16 helicoils as shown in figure 15.
[image: ]

					   Fig 15


                                            The large plate are now complete:
The remainder of the parts may be completed using an arbor press for dowel insertion:
Preparation of D0901499:
1. Apply helicoils and dowel pins as shown Figure 16
[image: ]
                                                           Figure 16























Preparation of D0901521:
1. Apply helicoils and dowel pins as shown Figure 17
[image: ]
                                                                 Figure 17





















Preparation of D0901522:
1. Apply helicoils and dowel pins as shown Figure 18.
[image: ]
                                                                                    Figure 18


Preparation of D0901530:
1. Apply dowel pins as shown Figure 19.
[image: ]
                                                                             Figure 19





Preparation of D0901531:
1. Apply dowel pins as shown Figure 20.
[image: ]
                                                    Figure 20

Preparation of D0901532:
1. Apply dowel pins as shown Figure 21. Dowels must be inserted straight, they will extend out by 3 inches.
[image: ]
                                                                       Figure 21

 



Preparation of D0901533:
1. Apply Helicoils and dowel pins as shown Figure 22. Dowels must be inserted straight, they will extend out by 3 inches.
[image: ]
                                                                         Figure 22




Preparation of D0901535:
1. Apply Helicoils and dowel pins as shown Figure 23. Note: insert dowels on side opposite counter bores.
[image: ]
                                                           Figure 23









Preparation of D0901536:
1. Apply Helicoils and dowel pins as shown Figure 24. Note: insert dowels on side opposite counter bores.
[image: ]
                                                           Figure 24

Preparation of D0901537:
1. Apply Helicoils as shown Figure 25.
[image: ]
                                                                    Figure 25


  
Preparation of D0902274:
1. Apply Helicoils and dowel pins as shown Figure 26. Note press depth of dowel.
[image: ]
                                                                            Figure 26


Preparation of D0902276:
1. Apply Helicoils  as shown Figure 27.

[image: ]
                                                                             Figure 27







Preparation of D0902277:
1. Apply Helicoils and dowels as shown Figure 28. Note press depth of dowel pins
[image: ]
                                                                              Figure 28



















Preparation of D0902278:
1. Apply Helicoils and dowels as shown Figure 29. Note press depth of dowel pins
[image: ]
                                                                         Figure 29



















Preparation of D0902281:
1. Apply Helicoils and dowels as shown Figure 30. Note press depth of dowel pins and must be inserted straight.
[image: ]
                                                                            Figure 30




















Preparation of D0901554:
1. Apply Helicoils as shown Figure 31.
[image: ]
                                       Figure 31
Preparation of D0902647:
1. Press dowel pins as shown in Figure 32

[image: ]
                                                                       Figure 32



Appendix C: helicoils and dowel pin insertion and required tooling for hammering technique


[image: ]



for 1/2 x 1.25 dowel pin insert as shown  Press dowel  .75 in deep (dowel should bottom out) and .50 in should remain above surface. NOTE D1002306 HAS 1 MARK THE DOWEL WILL BE PROPELY SEATED WHEN IT LINES UP WITH THE TOP
for 3/8 x 1.00 dowel pin insert as shown (dowel should bottom out) and .40 in should remain above surface NOTE D1002304 HAS 2 MARKS THE DOWEL WILL BE PROPELY SEATED WHEN THE FIRST MARK LINES UP WITH THE TOP.
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2] BREAK ALL EDGES AND CORNERS .03 X 45°.
3. DO NOT SCALE FROM DRAWING.

4. ALLMACHINING FLUIDS MUST BE FULLY SYNTHETIC, FULLY WATER soLusLe SYST [SUB-SYSTEM

AND FREE OF SULFUR, SILICONE, AND CHLORINE. ,EA:ADVANCED LIGO SEI
MATERIAL FINISH NEXT ASSY
6061-T6 Al 63 pinch D0%01181

5 4 3

LIGO  MASSACHUSETTS INSTITUTE OF TECHNOLOGY

2

REV. DATE
vl 12 Mar. 2010

1

DCN # DRAWING TREE #
E1000020 E1000025

Adapter, Large Hex Wall, aLIGO BSC ISI

PART NAME

DESIGNER | ASTEN | 11Jan.
DRAFTER | MHILLARD | 11Jon.
CHECKER F-MATICHARD 11 Jan.

APPROVAL KMASON | 11 Jan.

2

2010| SIZE| DWG. NO. REV.

o DO901530 v

2010/SCALE: 1:3 | PROJECTION: SHEET 1 OF 1
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D0901531_Adapter-Small_Hex PIC, PART PDM REV: X-018, DRAWING PDM REV: X-008

8

NOTES CONTINUED:

(5) SCRIBE, ENGRAVE, OR MECHANICALLY STAMP (NO INKS
OR DYES) DRAWING PART NUMBER AND REVISION ON
NOTED SURFACE FOLLOWED ON THE NEXT LINE BY A THREE
DIGIT SERIAL NUMBER. SERIAL NUMBERS START AT 001 FOR
THE FIRST ARTICLE AND PROCEED CONSECUTIVELY. USE .07 HIGH
CHARACTERS. EXAMPLE DXXXXXXX-VY, $/N 001.
A VIBRATORY TOOL MAY BE USED.
. APPROXIMATE WEIGHT = 1.6 LB.
. A TRUE POSTION TOLERANCE OF .010 IS ~ THE SAME
AS A CONVENTIONAL TOLERANCE OF #.005.
. MACHINE ALL SURFACES TO REMOVE OXIDES AND MILL FINISH,
USE OF ABRASIVE REMOVAL TECHNIQUES IS NOT ALLOWED.
. ALL PARTS SHALL BE MANUFACTURED IN ACCORDANCE
WITH LIGO SPECIFICATION E0900364.

© ® No

r

PRESS 3/8 X 1"

5 4 3 2 1
DRAWING TREE #
E1000025

REV. DATE DCN #
vl 12 Mar.2010

E1000020

0O®®O0

O

@)

DOWEL V.60
oO®
@)

A\

©

~N O O

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED) PART NAME
CALIFORNIA INSTITUTE OF TECHNOLOGY
1. INTERPRET DRAWING PER ASME Y14.5-1994,
DIMENSIONS ARE IN INCHES LR G R ATE 42197 MASSACHUSETTS INSTITUTE OF TECHNOLOGY Adapter, Small Hex Wall, aLIGO BSC ISI
3 3. DO NOT SCALE FROM DRAWING. %
TOLERANCES: 4. ALLMACHINING FLUIDS MUST BE FULLY SYNTHETIC, FULLY WATER SOLUBLE Y STEM SUB-SYSTEM DESIGNER | AndySfein | 30U 2007 SIZE DWG. NO. REV.
Ao AND FREE OF SULFUR, SILICONE, AND CHLORINE. ADVANCED LIGO SEl oraRER | msiaRo | 11ian 00 D09O 'I 53 '| V1

ANGULAR%0.5%

MATERIAL FINISH NEXT ASSY CHECKER FMATICHARD 11 Jan. 2010

6061-T6 Al 63 pinch D0%01181 APPROVAL| KMASON | 11Jon 010 SCALE: 122 | PROJECTION:
5 4 3 2 1

SHEET 1 OF 1
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>

D0901532_Outer_Wall-Lower PIC, PART PDM REV: X-028, DRAWING PDM REV: X-007

NOTES CONTINUED:
SCRBE, ENGRAVE. OR MECHANICALLY STAMP [NO INKS
R DYES) DRAVING PART NUMBER AND FEVION ON
NOTED SURFAC FOLLOWE E NEXT UINE BY A THREE
DI SEFIAL NOMAE. SEKIAL NUMBERS SIARY AT 001 FOR
THE FIRST ARTICLE AND PROCEED CONSEGUTIVELY. USE 07 HIGH
CHARACIERS, EXAMPLE DIXOOOCOCVY, 5/1 001
AVBRATORY T00L MAY BE USED.
APPROXMATEWEIGHT = 15.4 1
ATRU POSIION TOLERANGE OF 010 ~ THE SAME
'AS A CONVENTIONAL TOLERANCE OF 200
MACHNE AL SURFACESTO REMOVE GHOES AND s
USE OF ABRASIVE REMOVAL TECHNIGUES § KOT ALLOWED.
ATAPPEDHOLE PICH DIAMEIER LM OF H1) APPLES
AL PARTS SHALL BE MANUFACTURED I ACCORDANGE
WITH 1IGO SPECIHCATION F0500364.

9 © O 9

© © © © © ¢

©® ©

® @

PRESS 3/8 X 4" DOWELS
TO BE FLUSH WITH FARSIDE

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED)
ING PER ASME Y14.5-1994;

DIMENSIONS ARE IN INCHES
TOLERANCES:

%x ¥ 005

ANGULARE 05"

1 NIEReRET DRAWY
BREAK ALL FDGES AND CORNERS 03 X 45-.

AL EDX
B0 NOTSCALE FROM DEAWING.

4 AL MACHINING FLUIDS MUST BE FULLY SYNTHETIC. FULLY WATER SOLUBLE | SYSTE
AND FREE OF SULFUR, SUCONE, AND CHLORNE.

MATERIAL

6061-T6 Al

FiNiSH,

€3 yinch

Assy

*L\DOWELS TO BE

FLUSH WITH THIS

SIDE

AMDVANCED uGo

D1000052
3

‘CALIFORNIA INSTITUTE OF TECHNOLOGY
LIGO  MASSACHUSETTS INSTITUTE OF TECHNGLOGY

SUB-SYSTEM

SEl

2
ReV. DATE
vl | 12 Mar.2010

PARTNAME

Quter
DEsioNEr | Asin i
ORARER | wia | 1c

CHECKER FMATCHARD 1t

APPROVAL £ MASON 14

2

1
ben e DRAWING TREE #
£1000020 E1000025

Wall, Lower, aLIGO BSC I8!

5 D0901532 w1

. 2010 SCALE: 1:3 | PROJECTION: SHEFT 1 OF 1
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8 7 6 5 4 3 2 1

REV. oAt e # DRAWING TREE #
'NOTES CONTINUED:
(5 SCRIBE, ENGRAVE. OF MECHANICALLY STAMP NO INKS. vl | 12 Mar. 2010 1000020 1000025
OR DYES) DRAWING PART NUMBER AND REVSION ON
NOTED SURFACE FOLIOWED ON HE NEXT ING Y A Tt
DIGI SERIAL NUMBER. SERIAL NUMBERS START AT 0
I TIRST ARTICLE AND PROGEED CONSECUTIVELY: USE 07 HICH
CHARACTERS. EXAMPLE DXYOOXKVY, S/ 001

5.
01015 - THE SAE
AS A CONVENTIONAL TOLERANCE OF £00:
TACHINE ALL SURFACES 16 REMOVE OIOES AND L s
USE OF ABRASIVE REMOVAL TECHNIGUES 5 NOT A

L THRERDED NSERIA 10 B STALIED 81 LSO PERSONNEL

'AFTER DELIVERY OF FINIHED PARTS.

0. ALLPARTS SALLBE MANUACTURED N ACCORDANCE
WITH LIGO SPECIFICATION E09003¢:

11, ATAPPES HOLE HICH DIAMETER LAAT OF H11T APPLES,

PRESS 3/8 X 1" DOWEL
V.60

[ _©o o&o0 o o |

8X @ 397 ¥ 1.00
PRESS 3/8 X 4" DOWELS @ .52 X 120°, NEAR SIDE

TO BE FLUSH WITH FARSIDE TAP FOR 3/8-16

HELICOIL INSERT = 1.0 * DIA.
4 NEAR SIDE

° @ of ° \o ° 4 FAR SIDE
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2
3
i‘
3 NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED) PARTNAME
2 CALFORNIA INSTIUTE OF TECHNOLOGY
] - NIERFRET DRAWING PER ASKIE Y14.5-199%,
3 owisous ancavmcnes || SRR AMEN 570 LIGO JiaSsCHUSETS ISTTUTE o TECHNOLOGY Outer Wall, Upper, aLiGO BSC IsI

] 5 DO NOT SCALE FROM D - .

3 e vicn A MACHRING FLUDSMUST B FuLLY SYNTHETIC, FULLY WATER soLuste SYSTEM SUBSYSTEM  DESIGNER | Asien | 14Jon 200 SEZE DWG. NO. v,
2 Sox 2005 AND FREE OF SULFUR. SICONE, AND CHLORNE. ADVANCED LIGO | SEl  omme  wsnseo 1 oc g DO9O 1 533 vi
£ . MATERIAL FINISH NEXT ASSY (CHECKER F.MATICHARD 14 Jan. 2010
g ANGULARE 05 "
2 6061-T6 Al 63 pinch! D1000053 APPROVAL 501 11 Jan. 2010/ SCALE: 14 | PROJECTION: SHEET 1 0F 2
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. PART PDM REV: X-017, DRAWING PDM REV: X-010

-Lower_pi

D0901535_Bracket:

Nores conueD:
(B SCRBE, FUGRAVE OR MECHANICALLY STAUE (1O NS
M e
RO SRS S N A e
D0 SERAL NCRISPE SEAIA NOMEERS AR
TR A R B AT AL PO o
T ks o
DR 100 kY 3 L8P

6. APPROXIATE WEIGHT = 12 [0
7. ATRUE POSIION IGLERANCE F @.010 1 ~ THE SAME
'AS A CONVENTIONAL TOLERANCE OF %005,
5. MACHIE ALL SURFACES TO REMOVE OXIDES AND MILL FINISH,
USE OF ABRASIVE REMOVAL TECHNIGUES | NOT ALLOWED,
9. ALL THREADED INSERTS 7O BE INSTALLED BY LIGO PERSONNEL,
'AFTER DELIVERY OF FINISHED PAFTS
USE ONLY NITRONIC 0 INSERTS,
10. ALL PARTS SHALL BE MANUFACTURED IN ACCORDANCE

WITH LIGO SPECIFCATION E0%0036:4.

3 2 1
REV. DATE DeN#
vl 12 Mar. 2010 E1000020

DRAWING TREE #
E1000025

I

-
n

I

o /o /o

-
1

PRESS 1/4 x 5/8"
DOWEL V¥ .37

6X @ .397 THRU ALL

N/ @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16

HELICOIL INSERT = 2.0 * DIA.

®

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED)
P |, ITERPRET ORAVIING PER ASME 1148194,

DMENSONSARENINCHES 2. sReak aLLEDGES AND CORNES 3 45

5 DO'NOT SCALE FROM DRAWING.

oueRCEs  ALRACING TUDS S By syumenc, e waree sowee ST
sl A3 HEE G SOLFUR-SCONE AN MO
ANGULARE 0.5 [MATERIAL e
+ 4061-T6 Al
5 4

63 mnch

CALIFORNIA INSTITUTE OF TECHNOLOGY PART NAME
LIGO  massachusems sure of technoloay | Bracket, Lower Outer Wall, Bottom, alIGO BSC S|

/E\D\/ANCED LGO SUE SVSSE"A DESIGNER | ASIEN | 11Jan.2010 SIZE DWG. NO. REV.

e izzes. DO901535 v

D0%01181 APPROVAL  KMASON 114 SHEET 1 OF 1
3 2 1

2010/SCALE: 12 | PROJECTION:
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D0901536_Bracket-Lower PIC, PART PDM REV: X-014, DRAWING PDM REV: X-008

NOTES CONTINUED:

(5) SCRIBE, ENGRAVE. OR MECHANICALLY STAMP (NO INKS
SR DVES) DRAWNG PART NUMBER AND FEVHION ON

HE b SURFACE O {oNel SWTRENRA T ) e

DG SERIAL NOMPE: ERIAL RUMBERS START AT 001 ¢

THETIRST ARNCLE AND FROGEED CONSECUTVELY: U 07 HIGH

CHARRCIERS EXAMPLE DAOOROC Y. ST 001

S VIBRATORY TOOL MAY BE (RED.

APHRXIATE WEEH! = 0 .

A TRUE POSITION TOLERANCE OF @.010 IS ~ THE SAME

AR CORVENTIORAL TOLERANCE Of 005,

5. MACHIE AL SURFACES 10 REMOVE GHIOES AND MILL FNISH,
UKL O ABRASNE REMOVAL TECHNIGUES s NOT ALOWED:

0. RILITREADED INSERTS 16, BE IGIALLED BY LSO PERSONNEL
AHIER DELVERY OF FINBIIED PARTS.

(SF ONLY NITRONIC 0 hSERrs.

AL FRRTS SHAR BE MANUFACIURED IN ACCORDANCE

Wi C SHCIREATION Eoso0sse

4 3 2 1

REV. DATE DN # DRAWING TREE #
vl 12 Mar. 2010 E1000020 E1000025

4X @ .397 THRU ALL

/' @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16

HELICOIL INSERT = 2.0 * DIA.

I—

77
i

—
1

—

PRESS 1/4 X 5/8
DOWEL V.37

©

-
1

T

Gl

I—
(o}
—
[ ]
O

TOLERANCES:
XX .015
XXX 005

ANGULARE 0.5

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED)
DIMENSIONS ARE IN INCHES

5X @ .397 THRU ALL

/' @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16

HELICOIL INSERT = 2.0 * DIA.

CALIFORNIA INSTITUTE OF TECHNOLOGY PART NAME

5 BREAK ALL EDGES AND CORMERS 03 X 45°. LIGO massacrusems instute of Technolosy | Bracket, Lower Outer Walll, Top, aLIGO BSC ISI

& R MACHIING FLUIDS MUST B FULLY SYNTHETIC, FULLY WATER soLUBLE SYSTEM SUB-SYSTEM  DESIGNER | ASTEN | 11.on. 2010 SIZE DWG. NO. REV.
'AND FREE OF SULFUR, SILCONE, AND CHLORINE. ADVANCED LIGO | SEl  oramiee  woisro | 11sen 2000

s e nnoees. D0901536 v

6061-T6 Al 63 pinch D0%01181 APPROVAL| KMASON |11 Jon 2010 SCALE: 12 | PROJECTION: SHEET 1 OF 1
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D0901537_Bracket-Lower PIC, PART PDM REV: X-015, DRAWING PDM REV: X-006

NOTES CONTINUED:

SCRIBE, ENGRAVE. OR MECHANICALLY STAMP (NO INKS
OR DYES) DRAWING PART NUMBER AND REVISION ON

NOTED SURFACE FOLLOWED ON THE NEXT LINE BY A THREE
DIGIT SERIAL NUMBER, SERIAL NUMBERS START AT 001 FOR

THE FIRST ARTICLE AND PROCEED CONSECUTVELY. USE 07 HIGH
CHARACTERS. EXAMPLE DXXOOOK-VY. S/N 001

A VIBRATORY TOOL M

APPROXIMATE WEIGHT = 0.6 LB.
MACHINE ALL SURFACES TO REMOVE OXIDES AND MILL FINISH,
USE OF ABRASIVE REMOVAL TECHNIGUES IS NOT ALLOWED.
ALL THREADED INSERTS TO BE INSTALLED BY LIGO PERSONNEL,
'AFTER DELIVERY OF FINISHED PARTS.

USE ONLY NITRONIC 60 HELCOLLS,

ALLPARTS SHALL BE MANUFACTURED IN ACCORDANCE

WITH LIGO SPECIFICATION E0900364.

6 5 4 3 2 1

vl 12 Mar. 2010 E1000020 E1000025
4X @ 397 THRU ALL
N/ @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16 HELICOIL INSERT = 1.5 * DIA.
£ =
! !
! !
! !
! !
! !
! !
i i
! !
! !
! !
| !
{ e
3X @ .397 THRU ALL
\/ @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16 HELICOIL INSERT = 2.0 * DIA.
T T LIGO Lassacuusens wmure or ecmotosy Bracket, Lower Outer Wall, Side, aLIGO BSC ISI
e B e Rpvancep uco ME e wiw 22y " 0901537
ANGUARS0.5° MATERIAL FINISH ) NEXT ASSY (CHECKER FMATICHARD) 11 Jon. 2010 v
= 6061-T6 Al 63 pinch D0%01181 APPROVAL FMASON | 11J0n. 2010 SCALE: 1:1 | PROJECTION: SHEET 1 OF 1
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D0902274 Flexure Wall, Stage 1 pic, PART PDM REV: X-044, DRAWING PDM REV: X-018

NOTES CONTINUED:
SCRIBE, ENGRAVE, OR MECHANICALLY STAMP [NO INKS

OR DYES) DRAWING PART NUMBER, REVISION (AND

VARIENT OR "TYPE" I APPLICABLE ON NOTED SURFACE

‘OF PART FOLLOWED ON THE NEXT LINE WITH A THREE

DIGIT SERIAL NUMBER. SERIAL NUMBERS START AT 001 FOR
THE FIRST ARTICLE AND PROCEED CONSECUTIVELY.

USE MINIMUM 0.12 HIGH CHARACTERS, UNLESS THE SIZE

‘OF THE PART DICTATES SMALLER CHARACTERS,

A VIBRATORY TOOL MAY BE USED,

EXAMPLE DXXXX0OX-VY, TYPEXK, S/N XXX,

APPROXIMATE WEIGHT = 14.0 L6,

MACHINE ALL SURFACES TG REMOVE OXIDES AND MILL FINISH
USE OF ABRASIVE REMOVAL TECHNIQUES IS NOT ALLOWED.
ALLPARTS SHALL BE MANUFACTURED IN ACCORDANCE

WITH LIGO SPECIFICATION E0900364.

ALLTHREADED INSERTS O BE INSTALLED BY LIGO PERSONNEL.

'AFTER DELVERY OF FINSIHED PARTS, USE NITRONIC 60
THREADED INSERTS,

10. A TAPPED HOLE PITCH DIAMETER LIMIT OF H11 APPLIESTO ALL
TAPPED HOLES EXCLUDING THREADED INSERTS,

11. A TRUE POSTION TOLERANCE OF @.010 15 ~ THE SAME
'AS A CONVENTIONAL TOLERANCE OF 005,

[e

PRESS DOWELS INTO THIS SURFACE

5X @ .40 THRU ALL

2
REV. DATE DN #
vl 12 Mar. 2010 E0900495
v2 04 Aug 2010 E1000290

' @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 2.0 * DIA.

LR S < S o4

PRESS 3/8 X 1" DOWEL
V.75 NON STANDARD DEPTH

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED)
1. INTERPRET DRAWING PER ASME Y14.5-1994,;

2 BREAK AL EDGES AND CORNERS .03 X 45°.

3. DO NOT SCALE FROM DRAWING.

DIMENSIONS ARE IN INCHES

s R MACHIONG FLUDS MUST B FULY SYNTHETC, FULY WATER SOLUBLE
oo 3 005 RN FREE OF SULFUR, SUCONE AND CHIORNE
. MATERIAL s
ANGUARS 5 )
* 6061-T6 Al 63 pinch
5

LIGO  maSSACHUSETTS INSTITUTE OF TECHNOLOGY

svs

NEXT ASSY

CALIFORNIA INSTITUTE OF TECHNOLOGY

TEM
ADVANCED LIGO

D0201180
3

SUB-SYSTEM

SEI

6X @ .40 T 1.25
/' @ .50 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 1.5 * DIA.

PART NAME

DESIGNER F17CH) 1 on 010 i8] WG, O,
ORAMIER | waiarD |15 an 00

(CHECKER ASTEN |15 Jan. 2010 B
[APPROVAL! KixsON |15 fn 2010 SCALE: 15 | PROJECTION:

2

1

DRAWING TREE #
E1000025
E1000025

FLEXURE WALL, STAGE 1, alIGO BSC ISI

REV.

D0902274 w2

SHEET 1 OF 2
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D0902276 Flexure Rod Bracket, PIC, PART PDM REV: X-016, DRAWING PDM REV: X-007

NoTEs CoNTIUED:

{B) SCREE, ENGRAVE, OR MECHANICALLY STAMP (4O IKS
GOV ORAWHG PARI NUMBER, KeviSon (AD

ARENTOR VIR | APHICARLE ON NOTED SURFACE

SR LMD SR A Nkt Wit A THREE

DICT SERL NUMBER: SCKAL NUMBERS START A 001 rOR

THE RS ARICLE AND FROCEED CONSECUTVEL

AN & T CARACT LR CNLES 11 e

SRR AL LA

RV ERATOR 1001 1,

EAMHLE DI00B0 . VP 510 0,

APPROXMATEWEGHT = 19518 5

RIACHRE ALLSURFACES 10 REMOVE OXIDES AND ML FNSH.

U O ABRASNE KEMOVAL TECHNIOUES § NOT ALLOWED

I PAETS SALL B MANFACTURED ACCORDANCE
WITH 1IGO SPECIICATION

ATHREROED RACHS 10 6¢ NATALIED BY LGO PERSONNEL
'AFTER DELIVERY OF FNSIHED PARTS, USE NTRONC 60
THREADED ISt

ATAPPED HOLE PITCH DIAMETER LIMIT OF H11 APPLISTO ALL
TATPED HOLES U1 CIUDES HEEAOED NSEET,
ATRUEFORTION TOUEEANCE OT@ D105 - THE SAME
SV VNDONAL TOLRANCE Of £

7 6 5 4 3 2 1
Rev. ATE ben e DRAWING TREE &
vl | 12 Mar.2010 0900495 1000025

2X @ .397 ¥ 1.147
\/ @ .520 X 120°, NEAR SIDE
TAP FOR 3/8-16 HELICOIL INSERT = 2.0 * DIA.

2X @ 397 V 1.147
/@ .520 X 120°, NEAR SIDE
TAP FOR 3/8-16 HELICOIL INSERT = 2.0 * DIA.

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFED) CALFORNIA INSTITUTE OF TECHNOLOGY | PART NAME

oS ARE R RCHEs |} TR DRAVI R 15 15t UIGO GiREsams e o Ecmotoer STAGE 1 FLEXURE ROD BRACKET
5 B0 oT ALt oM DIAWNG,
TousmANCes: svsten sus OESIGNER 147 5 o 51 € WG, N, .
R MACHMIG LUOS MU B FULLY SYNIHETIC,FULY WATER SOUUBLE
B 1008 AND REE OF SULFUR, SLICONE, AND CHLORE. ADVANCED LIGO SEI ORAIER | wiaisro 1500200 D0902276 v
. MATERAL ) Nt Ass cHecKer | asen i 200
ANGULARS 5 h
AlSI 304 63 pinch D0908120 APPROVAL FAMASON 15 Jan. 010 SCALE: 14 | PROJECTION: SHEET 10F 2

7 6 5 4 3 2 1
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6X .33 THRU ALL
.44 X 90°, NEAR SIDE =\
TAP FOR 5/16-18 HELICOIL INSERT = 2.5 * DIA.

- PRESS 3/8 X 1" DOWEL
'[.75 NON STANDARD DEPTH
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D0902278 L4C Wall, PIC, PART PDM REV: X-044, DRAWING PDM REV: X-016

©

1

TAP FOR 3/8-16 HELICOIL
INSERT = 2.0 * DIA.

TAG SIZE QUANTITY
@ .397 THRU ALL
\/ @ .52 X 120°, NEAR
D SIDE 2

4X @ 266 THRU ALL
\/ @ .360 X 120°, NEAR SIDE
TAP FOR 1/4-20
HELICOIL INSERT = 2.0 * DIA.

[

PRESS 3/8 X 1" DOWEL
V.60

% 6 6 © 6 6006

[0 06066 6 06 |

7X @ 397 ¥ 1.300

6X @ 266 THRU ALL /' @ .520 X 120°, NEAR SIDE
PRESS 3/8 X 1" DOWEL /' @ .369 X 120°, NEAR SIDE HEL‘C(;/I\LF’"S?EF;?/_ESJS* oA
V.60 g 200+ =2, .
TAP FOR 1/4-20 HELICOIL INSERT = 2.0 * DIA. AV

2X LABLED "D" VIEW ABOVE

LIGO CALFORNIA INSTTUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

SIZE DWG. No.

D0902278 vz

SCALE: 14 | PROJECTION: @ | swer20r2

1
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PRESS 3/8 X 2.50" DOWEL
V.60, 2.90" WILL REMAIN

4X @ 266 THRU ALL
N @ .360 X 120°, NEAR SIDE
TAP FOR 1/4-20 HELICOIL INSERT = 2.0 * DIA.

PRESS 1/2 X 3.50" DOWEL
V.75, 2.75" WILL REMAIN 7X @ 397 T 1.30

/@ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 2.0 * DIA.

@ o & o o o e
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D0901554 Actuator Post Stage0-PIC, PART PDM REV: X-023, DRAWING PDM REV: X-010

'NOTES CONTINUED:
SCRBE, ENGRAVE, OR MECHANICALLY STAMP (NO INKS

s
USE MINIAUM 0,12 HIGH CHARACTERS, UNLESS THE SZE
OF THE PART DICIATES SMALLR CHARACTERS.

R VIBRATORY TOOL MAY BE USED,

DXAMPLE DIOGOOGCY. THPEXK, S/ XK.

£ WEGH
MACHINE AL SURTACES | Vo ibve oxots Ao ens.
LTECHNIGUES 1§ NO
AL EARIS SHALL B¢ MANCEACTURED I ACCORDANCE
I IS0 STECTICATON E0700dss.
AL THREADED INSEH ISTALLED BY IGO PERSONNEL.
AFIER DELVERY OF FIVSHED PARTS. USE NTRONIC 40
THREADED INSERTS.
10. A TAPPED HOLE PIICH DIAMETER LMI OF H1) APPLES.
1. A TRUE POSTION TOLERANCE OF @010 § - THE SAME
'AS A CONVENTIONAL TOLERANCE OF £005.

REV.
vi
v2
v3

@ 397 T .880
' @ 520 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 1.0 * DIA.

4X @ 397 T 1.147
@ .520 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 2.0 * DIA.  MKD "A

NOTES AND TOLERANCES: (UNLESS OTHERWISE SPECIFIED)
DIMENSIONS ARE IN INCHES 1 INTERPRET DRAWING PER ASWIE Y 14.5 1994 LIGO  MASSACHUSETTS INSTITUTE OF TECHNOLOGY

7 ROMOVE ALLSHARE TGS K07 M.

ToLERANCES: svsten SUBSYSTEM  pesiNER
L MACHRING FUIGS MUSTBE FULLY SYNTHETC, FULLY WATER SOLUBLE
B30 e BT s ADVANCED LIGO ~ SEl  omares
GUARE 05 MATERAL ) ANSH Neassy
* Material <not specified> 32 pinch D0901182

5 4 3

CALIFORNIA INSTITUTE OF TECHNOLOGY | PART NAME
ACTUATOR POST STAGE 0-1, aLIGO BSC IS!
SEARNA |22 75, 2010]SIZE| WG, NO.

HoLARD [z27e6. 200 o
CHECKER FiuATICHARD| 220, 010

APPROVAL 1 HASON | 2205, 210 SCALE: 14

2
DATE
22 Feb. 2010
28 July 2010
19 Aug 2010

2

ben e
E1000049
1000339
E1000353

1

DRAWING TREE #
E1000025
E1000025
1000025

D0901554 s

PROJECTION:

SHEET 1 OF 2
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BSCIS! Design Standards

SEl Team

all dimensions given in INCHES, unless otherwise specified

Pins.

use standard ground dowel pins, as shown on McMaster-Carr online catalog, page 3274

Material  18-855

1/8" 0.1251] 7/16"
1/a" 0.2501] 5/8"
3/8" 0.3751] 3
1/2" 0.5001] 114"

[Press-Fit Pin Holes, Class LN 1 |

Counterbore (Lead-In)

Near-Side Countersink

_ St Derth fnce
1/8" 0/.0005 1250 +.0/-.0003 0.25 . 0.060 0.15 90
1/8" 0/.00065 2500 +.0/-.0004. 0.38 0.10 028 90
3/8" 0/.00065 3750 +.0/-.0004 0.60 0.13 0.42 90
1/2" 0/.0008 5000 +.0/-.0006 0.75 0.502+.001/-0 | 0.15 0.55 90
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