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Assembly of Advanced LIGO BSC ISl

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.

T0900570-v6

BSC ISl 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 18-8 55

Size I\!ommal Tolerance Nominal

Diameter Length
1/8" 0.1251|+/-.0001 7/16"
1/4" 0.2501|+/-.0001 5/8"
3/8" 0.3751|+/-.0001 1"
1/2" 0.5001|+/-.0001 11/4"

Press-Fit Pin Holes, Class LN 1 |
Counterbore (Lead-In) Near-Side Countersink
Hole Depth Diameter Depth Diameter Angle
1/8" 0/.0005 1250 +.0/-.0003 0.25 0.126 +.001/-.0 0.060 0.15 90
1/4" 0/.00065 .2500 +.0/-.0004 0.38 0.251 +.001/-.0 0.10 0.28 90
3/8" 0/.00065 .3750 +.0/-.0004 0.60 0.377 +.001/-.0 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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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
D0901521
D0901522
D0901530
D0901531°
D0901532
D0901533
D0901535
D0901536
D0901537
D0902274
D0902276
D0902277
D0902278
D0902281
D0901554
D1100564
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Tools required:
QTY Part Number Description
1 48" 3 pt sling
3 MM 2949T35 hoist rings with %2 threaded bolt (max load per ring 1250 Ibs)
r
MM 33045T53 shoulder eyebolt (max load per bolt 2400 Ibs)
2-4-6 tooling blocks
height gage
3/8" helicoil installation tool
1/4" helicoil installation tool
5/8" helicoil installation tool

PR RPREPROWO
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3/8" tangs breaker
1/4" tangs breaker
5/8" tangs breaker
10 - 150 ft Ib torque wrench

R

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 Ibs
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.

Figure 1 Location of 1/2-13 holes for sling atta(;ﬁt 6n D0900894 vent grooves not shown
1. Place bottom part (D0900894) on level tooling blocks on granite table- ribs side down.
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2% ON ALL & SIDES (HOLES FOR LIFTING HARDWARE)

4X ON 3 SIDES APPLY 1/4-20 HELICOILS

Preparation of D0900894: see drawing D0900894
Hardware: See E1000402 matrix for required hardware
1. Apply helicoils in locations shown Figure 2

APPLY 285X 3/8-14 HELICOILS
THIS SURFACE

8X ON 3 5IDES APPLY 3/8-14 HELICQILS

January 2012
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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.

APPLY DOWEL
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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

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

ALL DOWELS AND HELICOILS APPLIED TO THIS SURFACE
EXCEPT AS NOTED

3 ADDITIONAL 1/2-13 TAPPED HOLE ON BOTTOM FOR LIFTING

APPLY 3/8-16 HELICOILS
8/SIDE

APPLY 1/4-20
HELICOILS 4/SIDE

1/2-13 TAPPED HOLE FOR LIFTING
2/SIDE )
Figure 3
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VIEW SHOWN INDICATES
BASE HOLE PATTERN, ARRAYED 3X
[SCALE 1:4)

33.711

[E=cRALE )

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.

January 2012
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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 Ibs
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

FOR LIFTING
3X AT 120"

o8 eB

5/8-11 HOLE FOR LIFTING
3X AT 120°

o
© ©o Qoo oOoDoDo®

VIEW K
VIEW SHOWN IS SIMPLIFIED.
1"X1" GRID OF HELICOIL INSERTS, VENT GROOVES
AND SCRIBE LINES ARE ALL SUPPRESSED.

Fig 6.1 Fig 6.2
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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.

Fig 7.1 Fig 7.2

INSTALL

8X 3/8-16

) 1X 5/8-11 FOR LIFTING
i HELICOILS ON

___________________ i * CIRCUMFERENCE

VIEW U
VIEW SHOWN INDICATES THE BASE
PATTERN ARRAYED 3X

VIEW P
VIEW SHOWN INDICATES
THE BASE PATTERN ARRAYED 3X o

January 2012
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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

INSERT DOWELS HERE

5/8-11 TAPPED HOLES FOR LIFTING

Figure 8

January 2012
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Preparation of D0901519: see drawing D0901519

1. Install helicoils in locations shown Figure 9 There are no dowels installed in this part.
A and C=3/8-16 helicoils and holes

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.

8X/SIDE 1/4-20 HELICOILS
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2. "B"= 3/8-16 helicoils
"C"= 1/4 dowel pin holes
"D"= 3/8 dowel pin holes
"E"=1/4-20 helicoils

NOTE VENT GROOVES
ONLY ON ONE SIDE

Figure 10

January 2012
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VIEW E
VIEW SHOWN INDICATES
THE BASE PATTERN, ARRAYED 3X

3X/SIDE
APPLY VENTED DOWEL
MCMASTER_97365A250

2X/SIDE
e 0o o o 5/8-11 TAPPED HOLE FOR LIFTING

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

January 2012
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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

Figure 12

APPLY DOWEL:

NOTE CORNER ID:

2X ON 3 SIDES APPLY1/4-20 HELICOILS

2X ON 3 SIDES HOLES FOR LIFTING

6X ON 3 SIDES APPLY 3/8-16 HELICOILS 2X ON 3 SIDES APPLY 3/3-16 HELICOILS

January 2012
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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

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.

4X ON 3 SIDES
APPLY 3/8 X 5/8"

VIEW D
VIEW SHOWN INDICATES

VIEW C
VIEW SHOWN INDICATES THE BASE PATTERN ARRAYED 3X
THE BASE PATTERN ARRAYED 3X FARSIDE OF VIEW C
(SCALE 1:3) (SCALE 1:3)

3X ON 3 SIDES
HOLES FOR LIFTING
HARDWARE:

Fig 13.1 Fig 13.2

January 2012
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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/

REPLACE D1002303 WITH
D1002307 AND HAMMER
UNTIL 2ND MARK LINES
WITH TOP

USE HAMMER TILL
1ST MARK ALIGNS
WITH TOP

D1002304

D1002304 D1002304

D1002307

PIN PLACED IN
LEAD IN TO HOLE

D1002303
D1002303

— .09

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.

y :

y - - I

2% ON 3 SIDES APPLY
3/8-16 HELICOILS

2X ON 3 SIDES HOLES FOR LIFTIN

7X OM 3 SIDES APPLY 3/8-16 HELICOILS

Fig 15
The large plate are now complete:

January 2012
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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

PRESS 3/8 X 1" DOWELS
V.60

Q0000
0 Q000

[
.

(=]
4X @ .27 THRU ALL @ 52 ¥ 2.25
X 90° NS @ .75 X 120°, NEAR SIDE
N7 P 37 X 90° NEAR SIDE TAP FOR 1/2-13 HELICOIL INSERT = 2.0 * DIA
TAP FOR 1/4-20 HELICOIL . .

INSERT = 2.0 * DIA. FAR SIDE ® .56V 3.06 FAR SIDE
N @ .37 X 90°, FAR SIDE

Figure 16

January 2012
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Preparation of D0901521:
1. Apply helicoils and dowel pins as shown Figure 17

2X @ .27 THRU ALL
/@ .38 X 120°, NEAR SIDE
TAP FOR 1/4-20 HELICOIL INSERT = 2.0 * DIA.
/@ .38 X 120°, FAR SIDE

Oo @o o o @0/0
“o \>ooo©

PRESS DOWEL 1/4 X 5/8 LG
V.38

2X @ .40 THRU ALL

® O o " @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16 HELICOIL INSERT = 2.0 * DIA.
0 /@ 52 X 120°, FAR SIDE
OC@ (s} Q O ©O> Q (o] (o] (o]
© ©
] o o
o (o] C (e} Q (o] (s} Q [o]
O O
Q o
o) O o}

2X @ 397 ¥ 1.16

N @ .52 X 120°, NEAR SIDE
P TAP FOR 3/8-16 PWR%SOS 3/8X1LG

HELICOIL INSERT = 1.0 * DIA.

Figure 17

January 2012
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Preparation of D0901522:
1. Apply helicoils and dowel pins as shown Figure 18.

PRESS 3/8 X 1"

DOWEL V.60 ﬁ

[ o © © © o o(o)6 o o |

2X @ 397 ¥ 1.16
NS @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 1.0 * DIA.

St y 5 |
L (0] & O x
@]
(e O
@ ©
. [(@®)]
a8 A A a8 ©n ‘Q_@
I | ] | | | | i [

Figure 18

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

PRESS 3/8 X 1"
DOWEL V¥ .60

@ O o o ® o o 0 e
O o 0 o) O 0 0
\

Figure 19

January 2012
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Preparation of D0901531:
1. Apply dowel pins as shown Figure 20.

PRESS 3/8 X 1"
/DOWEL W.60~\

0O®®O0 0O®e O

\O O O O /

\ /

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.

P © © © @ O ¢ =

S, © 9 B

© C

P o G © R
© @ © © is

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

Figure 21

January 2012
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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.

PRESS 3/8 X 1" DOWEL
V.60

[ o oo o o |

8X @ .397 ¥ 1.00

" N @ .52 X 120°, NEAR SIDE
PRESS 3/8 X 4" DOWELS ‘
TO BE FLUSH WITH FARSIDE TAP FOR 3/8-16
I\ HELICOIL INSERT = 1.0 * DIA.
4 NEAR SIDE —
Lo ° o/ ° \o o o 4 FAR SIDE o
o © ¢ ©
Z : o
° © o o
° [+ [+] [+] [+] [+] ] ° e
Figure 22
Preparation of D0901535:

1. Apply Helicoils and dowel pins as shown Figure 23. Note: insert dowels on side
opposite counter bores.

r-
]
—
[S—
—

.

1 T 1 T 1 T
oo /oo
L - L

,___

0 —
—

[

S—
[E—

" 6X @ 397 THRU ALL
PD%\%EV%E?S v @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 2.0 * DIA.

Figure 23

January 2012
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Preparation of D0901536:

1. Apply Helicoils and dowel pins as shown Figure 24. Note: insert dowels on side
opposite counter bores.

4X @ 397 THRU ALL

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

HELICOIL INSERT = 2.0 * DIA.

Qe  © O 92O
PRESS 1/4 X 5/8J
DOWEL V.37

or.Q

\ 5X @ .397 THRU ALL
v @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 2.0 * DIA.

-
-l

S
©

Figure 24

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

4X @ 397 THRU ALL
N @ .52 X 120°, NEAR SIDE
TAP FOR 3/8-16 HELICOIL INSERT = 1.5 * DIA.

1o o oL
3X @ .397 THRU ALL /

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

Figure 25

January 2012

23



E1000402-v10

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

([e+ e o o o0o0-i0-i0 © o

5X @ .40 THRU ALL
PRESS DOWELS INTO THIS SURFACE @ .52 X 120°, NEAR SIDE

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

(@] @] q
o b o\ o o o A4 6X @ .40 T 1.25
o/ ® ' @ .50 X 120°, NEAR SIDE
o} o TAP FOR 3/8-16
& HELICOIL INSERT = 1.5 * DIA.
o @
(@] O o . -
PRESS 3/8 X 1" DOWEL
T .75 NON STANDARD DEPTH
Figure 26

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

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

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

Figure 27

January 2012
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Preparation of D0902277:

1. Apply Helicoils and dowels as shown Figure 28. Note press depth of dowel pins
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

Figure 28

January 2012
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Preparation of D0902278:

1. Apply Helicoils and dowels as shown Figure 29. Note press depth of dowel pins

TAG SIZE QUANTITY
@ 397 THRU ALL
\/ @ .52 X 120°, NEAR
D SIDE 2
TAP FOR 3/8-16 HELICOIL
INSERT = 2.0 * DIA.
4X @ .266 THRU ALL
\/ @ .360 X 120°, NEAR SIDE
TAP FOR 1/4-20
HELICOIL INSERT = 2.0 * DIA.
] . (] o
¢ K of lo| |e &
? °
° ' o 9o °
HI I
) ©
° ? . 6 8 &
| ©
° $ p i ° 4 ° "
o g PRESS 3/8 X 1" DOWEL
(-3 ! ® T o V.60
+ (-
° h )
o
. °
o )
@O ° OQ ° °o o
4 L %p
[ 006 06 0 06a |
7X @ 397 T 1300
X U286 THRUIALL \/ @ .520 X 120°, NEAR SIDE
PRESS 3/8 X 1" DOWEL \/ @ .369 X 120°, NEAR SIDE HEUC(;"“LP”:&';?/_&Z'S_ s
.60 i Z20° =2 .
TAP FOR 1/4-20 HELICOIL INSERT = 2.0 * DIA. o A
2X LABLED "D" VIEW ABOVE
Figure 29
January 2012
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Preparation of D0902281:
1. Apply Helicoils and dowels as shown Figure 30. Note press depth of dowel pins and
must be inserted straight.

12 X 3/8-16 X 2DIA
HELICOIL INSERTS

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

PRESS 3/8 X 2.50”

» 7X @ 397 ¥ 1.30
DOWEL.60" DEEP o
1.90° WILL REMAIN N @ .52 X 120°, NEAR SIDE

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

@ o & o ) o 9]
Figure 30

January 2012
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Preparation of D0901554:
1. Apply Helicoils as shown Figure 31.

@ 397 T .880
" @ .520 X 120°, NEAR SIDE
TAP FOR 3/8-16
HELICOIL INSERT = 1.0 * DIA.

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

Figure 31
Preparation of D0902647:
1. Press dowel pins as shown in Figure 32

—APPLY 3/8 X 1" DOWELS
PRESS .60V NOTE THESE
ARE ON AN ANGLED SURFACE

+.0000
( 33750 S04 )

Figure 32

28

.28

\_.02 X 45.0°

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

/—D 1002304 ~/—Di002308
0 /01002303 } / D1002305 | _ﬁ_é

7 77781 ATCORRECT %gu&aigg
- PIN HEIGHT

%\ 3/8 X 1" DOWEL
A

13
W{ i

\

INSERT DOWEL INTO HOLE INSERT DOWEL INTO HOLE
LEAD IN DIAMETER LEAD IN DIAMETER

o—
oN
=
m—
m
N
(9,1
—

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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