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Installation schedule

TOP module installation schedule

Month Jan | February March April April May June
Date 25 1 10 3 14| 29 5 11 | 12 | 13| 14| 15 [ 16 | 17 ( 18 | 19| 20 | 21 | 22 | 23 | 24| 25 | 26 | 27 | 28 | 29| 30} 9 10 (11| 12| 13 | 14 | 15| 16 | 17 | 18 | 19| 20| 21 | 22 | 23 [ 24 [ 25| 26 | 27 | 28 | 29 | 30 | 31} 14| 15
Dav of the week Mon | Mon | Wed| Thu | Mon | Tue | Tue |Mon| Tue | Wed| Thu| Fri | Sat | Sun|Mon| Tue | Wed| Thu| Fri | Sat | Sun|Mon| Tue [Wed| Thu| Fri | Sat |Mon| Tue |Wed| Thu| Fri | Sat | Sun |Mon| Tue [Wed| Thu| Fri | Sat [ Sun|Mon| Tue |Wed| Thu| Fri | Sat | Sun|Mon| Tue | Tue | Wed
Mot Move
BT N VT [ N o ey A s A I e A 7S Sy I I I B 7 e v e SN I A S Sty S R I
S15 Mo03 Movq Install
S14 Mo4 Move Jinstall In-situ CR test
oo o voe |1 e T s 1L _ L _ L C [ L L [ _[_ [ L J_Jod_1_1_1_ N N I I Y Y I
MO06 Movi Install
S11 Mo8 Move Install
s10 Mi13 Move Install
—soo omos Lk f T Iwove ¥ _ 1 _ L L Dmsan L[ J_1_1T_1_1_L_L_[_[ L[l J_J= L1l U AP A I N I I
S08 Mo7 Move Install imoval
507 M14 |move Install
S06 Mo02 Move Install In-situ CR test
SR N VET N IS A N N NN NN NN O 7S N N ) ) S N == P Ny 1= AN Y N N [y Ay ) e
S04 M12 Mov Install ova
S03 M11 Move |Instal|
S02 M16 Move Install
S01 M17 Move Install
XY-stage reconfig. for S09-S12 Wall surve:
XY-stage reconfig. for S05-508 Wall surve

XY-stage reconfig. for S01-504

XY-stage reconfig. for $13-516

Z-beam insertion for S09-515

Z-beam insertion for S05-S09

Z-beam insertion for S01-504

Z-beam insertion for S16

Fwd IDS installation

Installation iie removal

* 1st module (MO3) was installed on Feb. 10.

* Remaining 15 modules were installed in less
than 3 weeks.

—In Apr. 11-22 and May 9-11.
« 16 modules were joined together on May 12.
« Strong Backs removal was completed May 20.
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I\/Iodule transportation
* From Fuji B4 to Tsukuba B4.

—Using a transportation pallet, crane
and truck (~1.5 km @ ~5 km/h).

—Gently done for all modules.

Temp. (T), Humidity (H) and Acceleration (G)
in the MO1 transportation.
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Installation jigs and set-ur

Oho side
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Challenges in the installation
- Managing the guide pipe elasticity.

Nikko Steel: 125x 125 x 8000, t=3.2 (W= 96 kg) Oho
8000

e 2870 '

Max. sag: 3.7 mm
1350 i ' (calc.)

 Tight clearance




Module installation (1)
Feb. 10, 2016: 1st module installation (MO3).




Module installation (2)
*May 11, 2016: last module installation (M10).
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Module joining and SB removal
*May 20, 2016: SB removal completed.

z-beam (Al, 3 mmtx 2650 mm) i

—
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Module deflection monitors (1)
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Module deflection monitors (2)
* Fixed plpe gauges(Kohrlkl Inam|) o eomia

\ g
LT - wwallch, @™

Used gauges

“flLever” “Fwd” “Mid” “Bwd” “blLever”

& /2 Fwd ECL 1450 Bwd ECL
flange mm flange

lever dial digital dial lever
180° dial  dial  dial
270° --- dial digital  dial
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Module deflection monitors (3)
* Portable pipe gauge (Suzuki) — e

v

Z ""A:J-R" UN A7
. “Mid

Used gauges
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ASRIPX' [mm]

* Compared the measurementsof the

e T e

Bench test for the lower slots (1)

PPG with that of the height gauge (HG).

—To see if the PPG works in the expected sag

0 Self-load None (Sit on the granite table.)
1 Self-load Two-end supports
2 x=1+33.4kg Two-end supports
3 x=2+31.2kg Two-end supports
4 x=3 +35.5kg Two-end supports
0429: ASRIPx' = IPx' - SRx'
010 T gRY = SRx = SRO |
IPX = IPx— IPO —*—OSRIPL
0.05 8- ASRIP2'
; ASRIP3'
0.00 - )
=>¢ASRIP4'
-0.05 d . h
Weird Treasurement (mis-meas.?) 2R @nd IP seem to agree within 0.02 mm.
-0.10 » Would be the meas. error of =0.01 mm.

0 1000 2000 3000
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Bench test for the lower slots (2)
* PPG vs HG: integral measurements

0429:Leveled shape (w= ~45 kg)

0429: Leveled shape (w=~78.4 kg)

0.00 © T T Y 0.00 # T T /H
/ -0.05 - /—

-005 7 — _010 /
€ E -0.15 )
E 0.0 ——SR1" £ / —+—SR2
o0 o0 -0.20 \Y )
8 = |p1" A e | S~ P —=—p2

-015 W SMTln _0 30 » i SMT2'|

NS : €— The “weird meas.”
-0.20 -0.35
0 1000 2000 3000 0 1000 2000 3000
z-position [mm] z-position [mm]
0429: Leveled shape (w="~109.6 kg) 0429: Leveled shape (w=~145.1 kg)

0.00 © T T /l\_l 0.00 T T gl

005 - 1~ 010 - |

-0.10 /— /
— -0.15 — -0.20
€ 020 £ /‘
E™ —+—SR3" E 030 ——SR4"
% 030 j = |p3" “ 040 7 —&— P4

_0.35 \ SMT3II \ STM4II

-0.50 \
-0.40 N 1‘27
-0.45 -0.60
0 1000 2000 3000 0 1000 2000 3000
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Bench test for the lower slots (3)
* PPG vs HG: differential measurements

“ Differential

21 =2-1
3.1 =3-2
41 =4-3

0.00
-0.02
-0.04
-0.06
-0.08
-0.10
-0.12
-0.14
-0.16
-0.18

Sag [mm]

Due to the “weird meas.”

0419:Leveled shape (w=31.2 kg)

0429: Leveled shape (w=33.4 kg)

n T T /"—1
— y.

| 7

5\_ // —6—SR2.1"
_ _ 4 ~B—|p2.1"
\Y/ )
vy SMT2.1
0 1000 2000 3000

z-position [mm]

0429:Leveled shape (w= 35.5 kg)

0.02 0.02
J‘ 1 /f J‘ 1 1 H
-0.03 - - — -0.03 - —
T / T y 4
E 008 - A ——SR3.1" £ 008 7 ——SR4.1"
oo o0
] —=—|p3.1" A — g —8—1P4.1"
0.13 SMT3.1" 0.13 SMT4.1"
-0.18 -0.18
0 1000 2000 3000 0 1000 2000 3000
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Bench test for the lower slots (4)
* Agreement between PPG and HG.

0429:SMTx" vs IPx" 0429: ASMTIPx" = SMTx" - IPx"
OOO I T T - 010 —R'e'l'a‘ted_to_th'e
-0.10 ,! The “weird “weird meas.
. ’,‘. Lo maoac’
— ‘/ [ ] E 005 mcas. P&
E -0.20 g £ (Too deep 1PZ"Y 94 iDifferential
e s’ = [ ——— ———: ———————— [R—
= -0.30 g’ . X 0.00 » XL b meas.
& o ¢ 21325 = A4 I - L
E ’ 21325
2 .0.40 S R = R — |
050 g z ad-005 Fogr-a-Rolon. W 22565
' ,/" 22565 integral meas.
-0.60 -0.10
-0.60 -0.40 -0.20 0.00 -0.60 -0.40 -0.20 0.00
IPx" [mm]

»They seem to agree within =20.02 mm.
» ASMTIPx” =-0.06 £ 0.01 # 0 on the integral
meas. of z2565.

v'Some shift would’ve happened on the dial gauge when §
transferring from “no supports” to “two-end supports”. &=

v'Otherwise, consistent with IPx” within 0.01 mm. £

v'"May have small sag-dependence due to the mis-
aligned dial gauge. TOP Construction Review Meeting




* Repeated flipping the modul
Sl e | swwon

Self-load None (Sit on the granite table.)

ASRIPX’ [mm]

0
0.5

1
2
3
4
5
6
7

0.10
0.05
0.00
-0.05

-0.10

Bench

Self-load Bessel-point supports

Self-load
x=1 +33.4kg
x=2 +31.2kg
x=3 +35.5kg
x=2 +31.2kg
x=1 +33.4kg

Self-load

0505-2: ASRIPx' =

SRX’ =SRx —SRO
IPX' = IPx—IPO

/
\

Intrinsic shape difference?

20169 22 1000 2000

z-positino [mm]

test for the upper sIots (1)

Two-end supports
Two-end supports
Two-end supports
Two-end supports
Two-end supports
Two-end supports

Two-end supports
IPx' - SRx'
—a—ASRIPO.5'
—a—ASRIP1'
ASRIP2'
—=—ASRIP3'
—=—ASRIP4'

sswes' SR and IP seem to agree within
—TASRPET % +0.04/-0.01 mm for the two-end supports,

—2—ASRIP7'
» -0.02 mm for the Bessel-point supports
3000  TOp Construction Review Meeting




SMTxL" [mm]

Bench test for the upper slots (2)
* Agreement between PPG and HG.

0505-2: SMTxL" vs IPxL" 0505-2: ASMTIPxL" = SMTxL" - IPxL"
0.20 ,,¢ 0.10 . .
0.10 .,'f' .
0.00 ,/" 'E 0.05 . s .
o832 £ :
-0.10 »9? ® 21325 i - ° . |e ® z1325_j
-0.20 2L - x 0.00 ====resccccsee= "'“: """"
:,’ * 71325 d & ® o ® z1325_d
-0.30 . ° S o © _
-0.40 // 22565 _i % .0.05 22565 i
050 ¢ 22565 _d * 22565_d
-0.60 o’ -0.10
-0.60 -0.40 -0.20 0.00 0.20 -0.60 -0.40 -0.20 0.00 0.20
IPxL" [mm] IPxL" [mm]
— They seem to agree within +0.08/-0.03 mm.
» For both z1325 and z2565.
» Worse than the lower-slot config.
— Some correlation may exist.
» PPG may overestimate the sag in the upper-slot config.
2016.7.22 TOP Construction Review Meeting 18



ASRX’ [mm]

“Lower” vs “upper” configs. (1)
* Effect of the configuration difference.

—Relative shapes to the x=0 measurements.
»HG: Effect of the enclosure weight even with the SBExt?
»SMT: SMT attitude was not preserved between the configurations.

SR0.5’= SR0.5 — SRO
——SR0.5'_lo
—~8-SR0.5' _up ‘.\I
0 1000 2000 3000

z-position [mm]

0.10

0.00

-0.10

IPX’ [mm]

-0.20

-0.30

— — 0.10
IP0.5"=1P0.5 - 1PO SMTO.5’ = SMT0.5 — SMTO
% -E' 0.05
£ /'\
= 0.00 9= AN
——1P0.5' lo \'—'\_ s /o—SMTo.S'_Io\\
& -0.05 \
—8-1P0.5'_up T/ ~B—-SMTO0.5'_up
-0.10
0 1000 2000 3000 0 1000 2000 3000
z-position [mm] z-position [mm]

—Relative height differences: A = “Upper” — “Lower”

0.05
0.00
-0.05
-0.10
-0.15
-0.20

ASRO.5

——ASR0.5' \\01

0

1000 2000 3000
z-position [mm]

2016.7.22

0.05

0.10

AlPO.5' ASMTO.5'
T 0.00 T 0.05
g -0.05 £
% 010 ~ § 0.00 /
3 15 \N\‘ 3 -0.05
—o—AIPO.5' —4—ASMTO.5'
-0.20 -0.10
0 1000 2000 3000 0 1000 2000 3000
z-position [mm] z-position [mm]
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Asag [mm]

“Lower” vs “upper” configs. (2)

e Effect of the configuration difference. (cont’d)

—ASagl: Measurements in the two configurations agree within
»-0.04 mm in SRO.5L”,
»+0.04/-0.03 mm in IP0O.5L”,
»+0.07 mm in SMTO.5L".

—ASagS: The agreements get slightly better when focusing on the
inner panel region.

»Since the “"lowering” enclosure part is not included in the tilt-

correction.
ASRO.5{S,L}”’ AIPO.5{S,L}" ASMTO.5{S,L}”
0.10 0.10 0.10
——ASR0.5S" ——AIP0.55"
0.05 — 0.05 — 0.05 e
~#—ASRO.5L" E B AIPO5L" E
0.00 W § 0.00 § 0.00
] ] —o—ASMTO0.55"
0.05 < -0.05 < -0.05
8- ASMTO.5L"
-0.10 -0.10 -0.10
0 1000 2000 3000 0 1000 2000 3000 0 1000 2000 3000
z-position [mm] z-position [mm] z-position [mm]
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“Lower” vs “upper” configs. (3)
* Agreementamong the SR, IP, SMT sag measurements.

—“lower”: The meas. agree well.
»ASMTIP0O.5” in SaglL: +0.01 mm @2z1325, -0.02 mm @2z2565.
»ASMTIPO0.5” in SagS: +0.02 mm@2z1325.

—“upper”: The agreement gets worse.
»ASMTIP0.5” in SaglL: +0.07 mm @2z1325, +0.01 mm @z2565.
»ASMTIP0O.5” in SagS: +0.07 mm@2z1325.

SaglL in the “lower”-slot config.
0.10 0.15

— 0.05 — 0.10 b
.§, 0.00 ¢ =— ——SR0O.5L" .g. 0.05 M ——SRO.5L"
o0 /
-0.05 -8—|P0.5L" S 000 - —8—|P0.5L"

SaglL in the “upper”-slot config.

[=T]
©
(7]
-0.10 SMTO.5L" -0.05 SMTO.5L"
0 1000 2000 3000 0 1000 2000 3000
z-position [mm] z-position [mm]
0.10 58S in the “lower”-slot config. 0.10 Sag$ in the “upper”-slot config.
T 0.05 T 0.05 f
- . — o K '
£ 0.00 v‘/ \ ——SR0.5S8" £ 0.00 !A\:@ —+—SR0.5S"
oo oo
& -0.05 ~B—|P0.55" & -0.05 —~  -B—p0.5S"
-0.10 SMTO0.55" -0.10 SMTO0.55"
20160.7.22 1000 2000 3000 TOP Construction Review I\/Ieeting 1000 2000 3000 21
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Variation of the gage readings

. Rotatmg a module with PPG.

VARIATION OF GAGE READINGS AND SAG

1.20 —o—Fwd
s 1.00 —8—Mid
= 0.80 - —4—Bwd
% 0.60 *Gorg
S 040 " Epgez"
4 0.20 tw
L ——Mid2
© 0.00 —Bwd2
<<
© -0.20 . —06org2
-0.40 —4—G5prev2
0 2 4 6 8 10 12 14 16
SLOTH# [A.U.]
Relative sag variations
4.5
55 200 3.5 5.5 040 35
6.5 2.5 2.5
0.60
7 2 7 2
0.40
7.5 15 —*—Fwd 7.5 1.5
: —a— Mid g R
8.5 0.5 Bud 8.5 0.5 == Oprev
®  Fwd2
9 16 . 9 6 ° 692
© Mia ®  Sprev2
9.5 155 o pwd2 9.5 15.5
10 15 10 15
10.5 14.5 10.5 14.5
11 1 14
2016.7.22 115 5 3 135 TOP Construction Review Meeting 150 13 132 22
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Deflection during the installation (1)
*SO3 (M11) installation

Act.
#

O 00 N o U A W N B

10
11
12
13
14

Beforethe slider approach.
Sliders joined.

Lifted up.

Set the weights.

Rotated to the top position.
Removed OP spacers.
Rotated to the SO3 position.
Slided in the barrel.
Tightened the shoulder bolts.

0.50
Tightened the flange bolts. — 0.40
: E 0.30

Removed the weights. £ -
_ 2 0.20
Removed the slider bolts. E— 0.10
Removed the upper L-fixtures. ¢ 0.00

S .

Removed the lower L-fixtures. 3 0.10
g -0.20
E -0.30
-0.40
-0.50

2016.7.22

Rel. position variation [mm]

1.20
1.00
0.80
0.60
0.40
0.20
0.00

-0.20

Rel. position variation vs z _g\7o-

~&—SMT3"
——SMT4"
=¥=SMT6"
—=o—SMT7"

== SMT8"

0

1000 2000

3000

== SMT9"
SMT10"

——SMT11"

=8—SMT12"
SMT13"
SMT14"

TOP Construction Review Meeting

z-position [mm]

Sag [mm]

Rel. position variation vs act. #

==Fwd
—— Mid 7

Joint

=T
/

0

0.50
0.40
0.30
0.20
0.10
0.00
0.10

-0.20
-0.30
-0.40
-0.50

5 10 15
Action # [a.u.]

Module sag vs act. #

—o—Sag1325—
—=8—S5ag2565

0 5 10 15
23
Action # [a.u.]



Deflection during the installation (2)
e Summary of S06-S01, S16 (preliminary)

0.50
0.30
1 Beforethe slider approach.
, . o 0.20 =——S06_M
Sliders joined. T 010 505 M
3 Lifted up. £ 0.00 —4—504_M
. oo -
4 Setthe weights. & .0.10 —e503 M
5  Rotated to the top position. -0.20 —¥%—502_M
6  Removed OP spacers. -0.30 —0—-501_M
7  Rotated to the slot position. -0.40 N S16_M
-0.50
8 Moved to a lower position. 0 5 10 15
9 Slidin the barrel. Action # [a.u.]
10  Tightened the shoulder bolts. 0.0 - .
=01 X Baccalcupnports o
11  Tightened the flange bolts. E '8% 1 o R o
-VU. . VIdX. Sdf. ~U.C -
12 Removed the weights. = -0.3 )
, £.021 - e -
13 Removed the slider bolts. 'S -0.5 = Wa¥=TaYa M ATaYaYaTa
. < 0.6 —Max-sag~04-mrm)—Target
14 Removed the upper L-fixtures. Q 07
15 Removed the lower L-fixtures. E -0.8
o -0.9
®_1.0

0 1000 2000 3000
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Module joining -

* Module position variation in SO6
—PPG meas. at the SO5 side of M02 (S06).

—Variations can be seen in #1, #2 and #4.
» Due to the proximity to the PPG.

—PPG was touched accidentally in #2 and #8.

» Due to the interference with the bolt-tightening

work and the access check to the Strong Back bOItS'(,\S),%%

—The variations were typically < 0.05 mm.
»0.07 mm at largest (or 0.12 mm including the

—0.15

mm

—0.10

n

o
+ 0.05

0.00

ionvaria

£-0.05

pos

.-0.10

Rel

-0.15

guestionable meas. of #2).

Rel. variation vs meas. #

#H1 =4—Fwd'

| I#z H4 ~8—Mid'
‘1’ Joint'

‘L =>¢=Bwd'

2816.27.25' 6 8 10 12 14 16
Meas. # [a.u.]

—0.15
£
£0.10
[
0
+0.05
£0.00
c
0
£0.05

0.10

Rel, po

-0.15

Rel. variation vs z (#=1,2)

Relative to #O.

—o—iSubt1 o
—m—iSuptz——————————————

POP ConJSPrQIQtion I%&RQW Me%ﬂRQ

z-position [mm]

0\S .
o= )
z-beam (Al, 3 mmtx 2650 mm)

SO05 S04

ion

Rel, posi

-0.15

| \
. 'k.\"‘ﬁx... .muis““’“ 5

(M 04)

(M08) s12 s1
. .(MO06)(M09) —o—iSubt3
Rel. variation vs Z (#=3-16) _o_ic b4
Relative to #2. —k—iSubt5
——iSubt6
—¥—iSubt7
—o—iSubt8
=—=iSubt9
‘/p N -\-;:31 ——iSubt10
- iSubt11
—o—iSubt12
~B—iSubt13
iSubt14
0 1000 2000 3000 iSubt15
iSubt16

z-position [mm]



Strong Back removal

* Position variationsin the SB removal.
—Largest variation is +0.15 mm at the fwd and bwd ends of the

upper slots.

»They could be the overestimation in the upper slots (c.f. bench test results)
since the fwd and bwd ends are fixed to the ECL flanges.

» Mid. gauge variation is smaller and opposite (due to the PPG supports?).
—Expected order of the variations would be SO5 ~ S06 > S07 > S0O8,

for instance in the quadrant-Il.
»Module rigidity was minimal at SO5 and maximal at S08.
»Seems to be consistent with the observation.

Rel. position variation vs slot #

——Act3_F

_. 025 ; , ,

£ 1 1 I ~B—Act3_M

£ I I I

— 0.15 I I I Aet3

c I I

2 ! ! —%—Act3_B

E 005 | !

(]

> 2 7

S 005 -

= i i i

‘B

8 i I i

o -0.15 1 1 1

= I : I : I -

% .0.25 ! : : S &
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Summary
* Installation has been completed without a

significant incident.
—No significant problem has been reported so far.
» Based on the sag meas. and post-installation data taking.
« Results of the deflection meas. will be finalized
combining the other measurements.

—To be documented in the Belle Il Note.




