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1 Introdution

This doument desribes the proedure of hanging the mirror (TM) and the reoil mass

(RM) from the intermediate mass (IM). The 3D CAD model used to produe the images

was provided by Hirata-san.

Please note the following:

1. Intermediate mass must be assembled with the exeption of few sub-assemblies:

a) No OSEM �ags.

b) Four free threaded holes at the upper side of the IM for attahment of the

winh �xture.

) The lamp assemblies at the sides should not have the lamps in position.

2. Srews M5 and above must be vented always.
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2 Assembly of Reoil Mass

1. We begin with the ylindrial part

2. Take the wire breakers 2×U00015-434

1

, put them in the grooves on the �ats on the

sides of the ylinder and fasten them with the lamps 2×U00032-435

2

and with

the srews 4×ISO 4762 M3×8 oated.

3. Assemble the multipurpose ube U00013-427

3

with the able lamp support U00029-428

4

.

Use the following srews and nuts: 4×DIN EN ISO 2009 M2.5×8 mm unoated and

4×UNI EN 24032 M2.5.

1

wire_breaker_RM

2

lamp_wire_breaker_RM

3

Part-19-damper_new

4

Part-22-support_ables_on_mirror_new_v4
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2 Assembly of Reoil Mass

4. Fix the multipurpose assembly on top of the RM. Use the following fasteners:

2×ISO 4762 M5 x 12 mm oated.

5. Assemble 5×srew_side assembly, whih are earthquake stop srews for the opti.

Use the following items:

a) Name: TM stopper side2, desription: 5×ISO 4762 M8×25 mm perforated

srews with a M2×0.4 threaded hole and oated.

b) Srews: 5×SSHS-M2-6-SD_2_03 M2×0.4×6 mm

5

. Coated.

) PTFE head: 5×head ylinder

6

.

5

Maybe �M2 plus srews� on the list aording with Okutumi-san. Please larify

6

head_ylinder

4



2 Assembly of Reoil Mass

6. Insert them into the ylinder. One at 12 o'lok where the multipurpose ube is, two

at 5 o'lok and two at 7 o'lok. Use the following nuts: 5×UNI_EN_24032_M8_2.

Set the threaded part of the nut towards the ylinder.

7. Plae the bak ring part_3_bak_reoil_mass_v3 on the bak side of the RM

(with OSEM ut-outs) and �x it with 12×ISO 4762 M5×18 mm oated. Please

note that the plate is not symmetri with respet to the horizontal plane.
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2 Assembly of Reoil Mass

8. Fix the OSEM to the bak ring of the RM. Use the following fasteners:

• 1×ISO 4762 M5×16 mm. Unoated for pushing. Total: 4

• 3×ISO 4762 M5×20 mm. Coated for pulling. Total: 12.

• 2×ISO 4762 M5×40 mm. Unoated for pushing. Total: 8.
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2 Assembly of Reoil Mass

PSfrag replaements

ISO 4762 M5 x 16, push

ISO 4762 M5 x 20, pull

ISO 4762 M5 x 40, push

ISO 4762 M5 x 20, pull

ISO 4762 M5 x 40, push

ISO 4762 M5 x 20, pull

9. Plae the OSEM on the bak ring. There should be a log

7

with the OSEM part

number and the position of eah OSEM in the RM. Please follow a similar on-

vention to the one used in TAMA. The spaing between the OSEM body and the

bak ring should be 6.5 mm.

7

There is a paper notebook inside the lean room. Fujii-san has been writing on it.
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2 Assembly of Reoil Mass

PSfrag replaements

TAMA KAGRA

H1

H2

H3

H4

10. Assemble 4×srew_bak, whih are earthquake stop srews for the opti. Use the

following items:

a) Perforated srews: 4×ISO 4762 M8 x 40 mm. They have a M2×0.4 threaded

hole. Coated. MISSING.

b) Srews: 4×SSHS-M2-6-SD_2_03 M2×0.4

8

. Coated.

) PTFE head: 4×head ylinder

9

.

8

Maybe �M2 plus srews� on the list aording with Okutumi-san. Please larify

9

head_ylinder
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2 Assembly of Reoil Mass

11. Insert them into the ylinder. One at 2, 4 , 6 and 10 o'lok. Use the following

nuts: 4×UNI_EN_24032_M8_2. Set the threaded part of the nut towards the bak

plate.

12. Put on the bak ring the following items:

a) At 12 o'lok: F00020_F020

10

. Use ISO 4762 M6 x 25 mm. Coated.

b) At 3 o'lok: F00020_F020

11

. Use ISO 4762 M6 x 25 mm. Coated.

) At 6 o'lok: F00021_F021

12

. Use ISO 4762 M6 x 35 mm. Coated.

d) At 9 olok: F00020_F020

13

. Use ISO 4762 M6 x 25 mm. Coated.

10

Part-27-ounterweight_thik_new

11

Part-27-ounterweight_thik_new

12

Part-27-ounterweight_thik_new_bottom

13

Part-27-ounterweight_thik_new
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2 Assembly of Reoil Mass

13. Plae 4×lamp_on_TM on bak ring. Use 8×ISO 4762 M4 x 10 mm oated.

14. The reoil mass is ready to be brought around the opti.

15. Assemble 4×srew_front assembly, whih are earthquake stop srews for the opti.

They are to be mounted on the front ring of the RM. After assembly put them aside.

They will be used in step 35. Use the following items:

a) Name: PRTM stopper front, desription: 4×ISO 4762 M8×50 mm perfo-

rated srews with a M2×0.4 threaded hole and oated.

b) Srews: 5×SSHS-M2-6-SD_2_03 M2×0.4×6 mm

14

. Coated.

) PTFE head: 5×head ylinder

15

.

14

Maybe �M2 plus srews� on the list aording with Okutumi-san. Please larify

15

head_ylinder
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2 Assembly of Reoil Mass

11



3 Bill of materials

1. 4 × ISO 4762 M6×35 mm surfae treated srews.

2. Bubble level.

3. 8 × pins part number ALPSTAG10-L20_0-E2_0-A15. These likely ome with the

frame.

4. 2 × C-lamps.

5. 4 × M5 × 45 mm srews.

6. 4 × M5 plain washers.

7. 4 × ISO 4762 M5 × 30 mm.

8. 4 ×ISO4762 M6×70 mm.

9. 4 × ISO 4762 M12×35 mm srews. These are for the pillars of the earthquake stop

at the IM level.
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4 Hanging the mirror

1. We begin with the bare frame. Please note the following:

• The base of the frame has four M6 lear holes at the verties of a 500×400 mm

retangle. Please use these holes to �x the frame on an optial breadboard or

table using 4× ISO 4762 M6×35 mm surfae treated srews (listed in item 1

in Se. 3).

• Use a bubble level to level the base of the frame straight. (Item 2 in Se. 3.)

2. Assemble the earthquake stop ring for the IM. Use the following omponents:

a) 1 × Part-10004-safety struture disk,

b) (4 × Part-10007-rod seurity struture 526. Eah rod requires the following

fasteners: M12 ×35mm)

) 2 × Part-10022-safety intermediate mass. Eah part requires: 2 ×M6

×35 mm. Total: 4.

d) 4 × Part-10025-lateral seurity loking. Eah part requires the fol-

lowing fasteners:

i. 2 × M6×25 mm. Total: 8.

ii. stud: 1×CSN02 1187 M6×30 mm. Total: 4; missing*.
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4 Hanging the mirror

iii. lok nut: 1×UNI EN 24032 M6. Total: 4; missing*.

e) 4×Part-10023-lamp intermediate mass. Eah part requires:

i. 2 ×M6 ×25 mm. Total: 8.

ii. stud: 1×CSN02 1187 M6 ×30 mm. Total: 4; missing*.

iii. lok nut: 1×UNI EN 24032 M6. Total: 4; missing*.

3. Plae the earthquake stop ring for the IM on the frame. Set it in position using 8

pins whih have to be inserted on the frame (item 3 in Se. 3).

4. Seure the earthquake stop to the frame with two C-lamps as shown in the ross

setion view.
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4 Hanging the mirror

CCPSfrag replaements

C-lamp

5. Plae the IM on top of the earthquake stop. The wire lamps should fae the

sides of the frame and not to the front or bak. Note that sine the frame seems

to be symmetri (it looks the same whether it's seen from the front or the bak),

the diretion (front or bak) from whih the opti and RM are inserted will be

determined by the orientation of the IM seleted now.

PSfrag replaements

bak

Front

Holes for �ag

No holes for �ag

6. Seure the IM to the earthquake stop with the following fasteners:

• Srews: 4 × M5 × 45 mm.

• Washers: 4 × M5 plain washers.
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4 Hanging the mirror

PSfrag replaements

(a)

PSfrag replaements

(b)

7. Plae the winh system on top of the IM. Seure it with the following srews: 4 ×

ISO 4762 M5 × 30 mm. Remove any peek able lamp from the top of the IM and

move the ables out of the way.

Image

8. Plae the bubble level on top of the IM. (The diagram has to be updated.)

9. Release the fasteners tightened in step 6. Adjust the tilt of the IM using the bubble

level. Loosen the srews with the washers and adjust the tilt with the four full-

threaded srews whih are inserted into the rossed beams of the earthquake stop.

One the IM is straight, fasten the srews with the washers to �x it in position.
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4 Hanging the mirror

The IM must be 2 mm above the earthquake stop plate and 22 mm above the

rossbeam. Use a aliper to measure these quantities. The height of the IM from

the base of the frame should be 786 mm. Use a height gauge to measure it. Also

hek yaw. The full-threaded srews are ISO4762 M6×70 mm. These srews will

not remain with the payload within the vauum hamber during operation.

10. Hang a plumb-bob from the magneti damper holder at the bottom of the IM.

Slide the base of the mirror support under the IM and plae its enter where the

plumb-bob indiates. Fix it in plae with the srews on the sides.

17



4 Hanging the mirror

PSfrag replaements

Plumb-bob

PSfrag replaements

Fasteners

Fasteners

11. Plae the ase with the mirror inside on the table on the support plaed under the

IM in the previous step. There are srews to fasten it to the support (the holes are

shown in the seond drawing in step 10).

PSfrag replaements

Remove

12. Cut two piees of 2.5 m of 200 µm of piano wire.

13. Wipe the wires with solvents. LIGO used methanol, then aetone and �nally

isopropanol.

14. Bring one end of eah wire underneath the mirror through the hole in the ase.
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4 Hanging the mirror

PSfrag replaements

Should be �ne

Should be �ne

Might have to remove

15. Bring the wires through the slits in the lamps all the way up to the winhes. One

of the gray rods might be on the way of the wires, please remove it. The lamps

should already be on the IM. There is a separate manual for it. In ase they are

not please use the following fasteners:

a) 2×ISO 4762 M6×35 mm srews unoated for the upper holes.

b) 2×ISO 4762 M6×16 mm srews unoated for the lower holes.

) 2×pin20mm_ISO2338B loating pins.

16. Fold the wires over the winh roller with the grooves and bring them to the roller

with the lamp and �x them. Clamps referred to as A in the �gure have grooves on

the round fae whih an be used to host the wires. In order to do this operation

more omfortably it is possible to use an auxiliary �at lamp between the two

rollers, but release it one the wires are �xed. Suh �at lamp is not shown in the

�gure, but its plae is indiated by holes B and C. Rotate the roller to wind the

wire at least one loop. This is to avoid utting the wire with the lamp. There is
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4 Hanging the mirror

at least one person in eah group who has used the winhes before. (Pitures taken

from the e-log entry at http://www2.nao.a.jp/~gw-elog/osl/?r=184.)

PSfrag replaements

A

B

C

17. Create tension in the pair of wires by pulling them down from below the lamp

assembly in the IM and then softly �x them with the upper lamp without the

vertial grooves. Use 2×ISO 4762 M6×16 mm oated srews.

18. At the other side of the payload bring the other two ends of the wires up through

the slit in the lamp all the way to the winhes.

20
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4 Hanging the mirror

19. As in step 16, fold the wires over the winh roller. Before lamping them reate

tension by pulling them and making sure they go within the grooves of the four

wire breakers around the TM. The �gure shows one wire breaker and the grooves

are learly seen. Note that in reality the glass beads are not as neatly plaed as

depited.

20. Remove or retrat any omponents of the ase that would keep the mirror from

being lifted slightly. Some of the omponents don't seem to be removable, but

others do. (The model does not have OSEM �ags or wire breakers. I has to be

updated.)
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4 Hanging the mirror

PSfrag replaements

Can't remove

Can't remove

Can't remove

Might have to remove

Should be �ne

Should be �ne

Srew

Srew

21. Release the lamp adjusted in step 17.

22. Lift the mirror slightly with the wires. Do not go very far up. Move the ase to

make the opti hang ompletely free. This will allow us to lift the mirror further

and to align it. (The model does not have OSEM �ags or wire breakers. I has to

be updated.)

23. Use the four upper knobs to lift the opti 3 mm from their resting position on the

support. The height of the wire breakers must be 251 mm after lifting. Use a

height gauge. (The model has to be updated.)
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4 Hanging the mirror

24. Using the knobs also, align the opti with the optial lever.

25. One the TM is aligned lose the lower lamps, whih have grooves. Make sure

the wires are held within the grooves. Do this on both sides of the IM. These

lamps should not be tightened. They should only be losed gently. The

intention is to produe an elasti deformation of the wires. Use a torque wrenh

with a TBD torque spe. Use the follwig fasteners:

a) 2×ISO 4762 M4×20 mm srews oated,

b) spring washer: 2×M4

1

,

) loating pins: 2×pin12mm_ISO2338B.

1

spring_washer_M4_typeA
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4 Hanging the mirror

26. Chek whether the alignment of the TM hanged. In ase it did, release the lamps

and go bak to step 24. Otherwise ontinue to the next step.

27. Tighten the upper lamps on both sides of the IM. These lamps do not have

grooves. The aim is to produe a plasti deformation of the wires in order to hold

the mirror. Use the same srws as in step 17.

28. Remove whatever is neessary from around the opti in order to bring the RM

around it. Put bak any gray rod that ould have been removed if possible. They

are guides to remove the side plate. (The diagram below has to be updated.)

29. Using the gray rods remove the side plate without damaging the OSEM �ags.
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4 Hanging the mirror

30. Plae the RM with its support on the rails. Adjust the height of the wire breakers

to 251 mm above the table with the height gauge.

Image

31. Bring the RM as lose as possible to the opti without removing the protetive ase

of the opti. Coarsely set the tilt of the RM by adjusting the srews at the base

of the support of the RM. A bubble level an be plaed on the multipurpose ube.

By visual inspetion align the OSEM avities with the �ags on the opti.

Image

32. Connet the OSEMs to the satellite boxes and obtain a suitable readout. Ideally

this should be the digital system. Have the alibration urves of the OSEM ready

for inspetion. For the test proedure at Kamioka we don't have alibration urves

sine we're using the prototype satellite boxes from TAMA300. Just hek the open

voltage output and reord it in the log.

Image

33. Bring the RM around the opti until one or more OSEMs deliver approximately the

output expeted at the nominal position of the �ags. Suh voltage would typially

be half of the open voltage.
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4 Hanging the mirror

Image

34. Close the RM with the front ring. Use the followig fasteners: 12×ISO 4762 M5×40.

Coated.

35. Insert the earthquake stop srews assembles in step Do not srew the earthquake

stop srews all the way in.

36. Clamp the OSEM ribbon ables on the RM bak ring, on the multipurpose ube

on top and on the sides of the IM. Use stainless steel lips for the multipurpose

ube. From the IM the ables will likely need another temporary anhor point

before being onneted to the satellite boxes.

37. Cut 2.5 m of 600 µm tungsten wire. We an also try the 650 tungsten µm wire

should the wire breaker allow. (I still have to hek whether the wire breaker

reeives it.)

38. Bring the ends of the wires underneath the RM through the hole in the pedestal.
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4 Hanging the mirror

39. On one side of the payload bring the wires in front of the lamps on the IM all the

way up to the winhes.

40. Fold the wires over the winh roller with the grooves and bring them to the roller

with the lamp and �x them. Use the lamp between the two rollers if neessary

but release it one the wire is �xed.

Image

41. Create tension in the pair of wires by pulling them down from below the lamp

assembly in the IM and then gently �x them with the upper �at lamp without

the vertial grooves. The funtion of the lamp at this stage is only to keep the

tension of the wire above the lamp.
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4 Hanging the mirror

42. At the other side of the payload bring the wires all the way to the winhes.

43. Fold the wires over the winh roller with the grooves and bring them to the roller

with the lamp. Create tension by pulling the wires up, but not enough that would

lift the RM. Make sure the wires go within the grooves of the two wire breakers

around the RM. Fix the wires onto the roller with the lamps. Use the �at lamp

in between the two rollers if neessary.

44. Remove any omponents of the RM support that would keep it from hanging. (As

far as I understand, in the urrent design there is nothing of this sort.)

28



4 Hanging the mirror

Image

45. Plae bubble level on top of the multipurpose ube.

46. Release the lamp adjusted in step 41.

47. Bring down the RM support slowly. Do it while looking at the positions of the �ags

within the OSEMs. The �ags should not ome lose to the OSEM body. If the RM

still omes down with the support inrease the tension in the wires by adjusting

the knobs of the winhes. Bring down the support until the RM hangs.

48. Using the knobs align the RM with the optial lever using the re�etion on the

prism. Do this �rst in pith and then in roll by rotating the right angle prism 90
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4 Hanging the mirror

degrees.

Image

49. Measure again the height of the wire breakers. It should be 251 mm.

50. Close the lower lamps, whih have grooves, in order to �x the wires in position

(20 mm separation). These lamps should not be tightened strongly, but

gently in order to produe an elasti deformation. Torque spe TBD. Use

the following fasteners:

a) 2×ISO 4762 M4×25 mm oated.

b) spring washer: 2×M4

2

,

) loating pins: 2×pin12mm_ISO2338B.

51. Chek whether the alignment of the TM hanged. In ase it did, release the lamps

and go bak to step 47. Otherwise, ontinue to the next step.

52. Tighten the upper lamps on both lamp assemblies. Torque spe TBD. These

lamps do not have grooves. These lamps are meant to hold the weight of the

RM and a plasti deformation of the wires should be ahieved. Use the following

srews per assembly: 2×ISO 4762 M6×20 mm.

2

spring_washer_M4_typeA
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4 Hanging the mirror

53. Chek the output of the OSEMs. Provided the OSEMs were aligned and set at the

orret position with respet to the RM, the �ags should be lose to their nominal

positions and the output voltage should be lose to 6 V. If they are not then either

the OSEMs were not aligned when mounted on the RM or the RM is not aligned

with respet to the TM. In the �rst ase please align the OSEMs individually. This

may be hard without the lower setion of the earthquake stop around the RM. So,

the earthquake stop should be assembled now before realignment of the OSEM.

54. The wires an be ut and the winh system an be removed.

55. In ase the lower setion of the earthquake stop was not assembled in step 53,

assemble it now.
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