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CERN Instrumentation - Baseline for future transport

2 Shocklog® Systems with GPS and GSM connections worldwide to collect shocks, Temp, HR :

- Cryomodule (3 directions)
- Transport frame (3 directions)
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https://shop.spotsee.io/ShockLog-298-Impact-Recorder-Data-Logger-with-Tilt-and-Roll-GPS-Connectivity

CERN Instrumentation - Extra

Continuous vibration monitoring system based on :
- 3ICP triaxial accelerometers PCB-356A14
- Spectrum Analyzer with real time FFT analysis MicroQuantus®

* Onlinevisualization

* Storageinan SSD hard drive _
 Fs:1024 Hz
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https://www.mbbm-vas.com/en/products/data-acquisition/microq

CERN Instrumentation - Cryomodule

Continuous strain measurements installed on blades and FPC tubes :

- Optical strain measurements based on FBG

- Online visualization with recording at 1000 Hz
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Results
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Results - Shocklog units

Events overview on the cryomodule

Events overview on the transport frame
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Results - Shocklog units

HR = f (Times) Temperature = f(Times)
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Results - Vibration monitoring system
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Results - Vibration monitoring system - Transfer function
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Results - Vibration monitoring system

Transport STFC to CERN according to ASTMD4169
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Results - Optical strain measurement system

CAV2_Rightblade_secondary_longside[01] CAVZ_Rightblade_cavity_longside[01]
CAV2_Rightblade_secondary_shortside[01]

CAV2_Rightblade_cavity_shortside[01]
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Results - Optical strain measurement system

CAVZ2_Rightblade_secondary_shortside_2events CAV?Z_Rightblade_cavity_longside_2events

CAV2_Rightblade_secondary_longside_2events
CAVZ_Rightblade_cavity_shortside_Z2events
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Results - Optical strain measurement system
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Results - Optical strain measurement system

18th August 2023 17th October 2023 23th October 2023 variation due to transport
Strain (um/m) Strain (um/m) Strain (um/m) Strain (um/m)

CAV1_FPC_Secondary_Line 29.12 -13.4 -23.8 -10.4
CAV1_FPC_Short_Side -29.91 -43.41 -59.47 -16.06
CAV1_FPC_Long_Side 17.97 -76.33 -99.1 -22.77
CAV1_FPC_Cavity_Line 104.7 -24.16 -46.58 -22.42
CAV1_RightBlade_Cavity_Long Side 299.1 281.62 262.4 -19.22
CAV1_RightBlade_Secondary Long Side 22.24 -43.96 -52.49 -8.53
CAV1_RightBlade_Secondary_Short Side -268.3 -418.47 -447.9 -29.43
CAV1_RightBlade_Cavity_Short Side -388.7 -489.43 -519.1 -29.67
CAV1_LeftBlade_Secondary_Long Side 90.7 59.36 26.7 -32.66
CAV1_LeftBlade_Cavity_Long Side 6.579 -47.39 -41.57 5.82

CAV1_LeftBlade_Cavity Short Side -147.3 -242.3 -267.74 -25.44
CAV1_ LeftBlade_Secondary_Short Side -103.3 -146.14 -161.43 -15.29
CAV2_FPC_Secondary_Line -73.02 -129.23 -141.69 -12.46
CAV2_FPC_Short_Side 41.06 -19.99 -29.3 -9.31
CAV2_FPC_Long_Side 168.6 64.92 53.54 -11.38
CAV2_FPC_Cavity_Line 48.74 -44.96 -58.38 -13.42
CAV2_LeftBlade_Secondary_Long Side -182.9 -139.04 -170.8 -31.76
CAV2_LeftBlade_Cavity Long Side -34.94 -153.79 -169.67 -15.88
CAV2_LeftBlade_Cavity Short Side -360.1 -411.13 -387.81 23.32
CAV2_LefttBlade Secondary_ Short Side 48.44 -23.51 -42.46 -18.95
CAV2_RightBlade_Cavity Short Side -44.86 -97.98 -118.8 -20.82
CAV2_RightBlade Secondary Short Side -184.1 -321.01 -354.98 -33.97
CAV2_RigthBlade Secondary Long Side 150.6 98.07 64.25 -33.82
CAV2_RightBlade_Cavity Long Side 26.02 -5.79 -31.13 -25.34
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Results Worst case event
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Results - Worst case event

CAV2_Rightblade_cavity_longside_dsvents —— CAV2_Rightblade_secondary_shortsi
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Results - Transport Summary
| |Minvalue  |MaxValue

Temperature 14 °C 20 °C
Humidity 55 % 100 %

§ Tilt -7° +15°

S Roll -10° +5°

::5 Vertical RFD acceleration (@4096 Hz) / <0.6¢g

” Longitudinal RFD acceleration (@4096 Hz) / <0.6¢g
Lateral RFD acceleration (@4096 Hz) / <0.6g

o Vertical RFD acceleration (@1024 Hz) / <05¢g

§ € Longitudinal RFD acceleration (@1024 Hz) / <05¢g

‘;; ?, Lateral RFD acceleration (@1024 Hz) / <05¢g
Strains on blade components / +/-20 um/m
Strains on FPC components / +/-20 um/m
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Since the transport...

Continuous optical strain monitoring:

88 General / Crab cavity tests at SM18 #r o3

Cavity 1

cav1_foc {sensor_id: cav1_fpc_cavity_line}
cav1_fpc {sensor_id: cav1_fpc_long_side}
cav1_fpe {sensor_id: cav1_fpc_secondary_line}
cav1_fpe {sensor_id: cavl_fpe_short_side}
cav1_le_bla {sensor_id: cav]_leftblade_cav_longside}
cavl_le_bla {sensor_ic: cav1_leftblade_cav_shortside}
cav1_le_bla {sensor_id: cavl_leftblade_sec_longside}
cavl_le_bla {sensor_ic: cav1_leftblade_sec_shortside}
cav1_ri_bla {sensor_id: cav1_rightblade_cav_shortside}
cavl_ri_bla {sensor_id: cav1_riahtblade_cavity_longsi..
cav1_ri_bla {sensor_id: cavl_sightblade_seco_longside}

cav1_ri_bla {sensor_id: cav1_rightblade_seco_shortsi.

Cavity 1 FPC

1225 12:30 1235 12:40 12:45 1250 12:55 1300 13:05 1310 1315
== cavi_fpc{sensor_ic: cavl_fpc_cavity_line} == cavl_fpc {sensor_id: cavl_fpc_long_side) == cavl_fpc {sensor_id: cavl_fpc_secondary_line)

= cavi_fpc{sensor_ic: cavl_fpc_short_side}

Cavity 1 LEFT BLADE

1225 12:30 1235 12:40 1245 12:50 1255 1300 1305 1310 1315

= cavl_le bla{sensor_id: cav1_leftblade_cav_longside) == cav1_le_bla {sensor_id: cavl_lefiblade_cav_shortside}
== cavi_le bla {sensor_id: cavl_leftblade_sec_longside} == cav1_le_bla {sensor_id: cavl_leftblade_sec_shortside}

Cavity 1 RIGHT BLADE

1225 12:30 1235 12:40 1245 12:50 1255 13:00 1305
== cavl_ri_bla {sensor_id: cavi_rightblade_cav_shortside} == cavl_ri_bla {sensor_id: cav1_rightblade_cavity_longside}

1310 1315

== cavl_i_bla {sensor_id: cavi_rightblade_seco_longside) == cavl_ri_bla {sensor_id: cavl_rightblade_seco_shortside}

https://mml.web.cern.ch/

T cavity2 20240408 12:2212
cav2_foc {sensor_id: cav2._foc_cavity_line} TR
cav2_fpe {sensor_id: cav2_fpc_long_side}
cav2. fpe {sensor_id: cav2_fpc_secondary_line}
cav2_fpc {sensor_id: cav2_fpc_short_side}
cavZ_lle_bla {sensor_id: cav2_fpc_cavity_line}
cavZ_le_bla {sensor_id: cavZ_lefiblade_cav_longside}
cavZ_le_bia {sensor_id: cav2_leftblade_cav_shortside}
cavZ_le_bla {sensor_id: cav2_lefttblade_sec_shortside}
cav2_si_bla {sensor_id: cav2_rightblade_cav.longside)
cav2_ri_bla {sensor_id: cav2_rightblade._cav_shortside}

cav2_1i_bla {sensor_id: cav2_rigthblade_seco_longside}

Cavity 2 FPC

1225 1230 1235 1240 12:45 1250 12:55 1300 13:05 1310 1315
= cav2_fpc{sensor_id: cav2_fpc_cavity_line} == cav2_fpc {sensor_id: cav2_fpc_long side) == cav2_fpc {sensor_id: cav2_fpc_secondary_line)

== cav2_fpc{sensor_id: cav2_fpc_short_side}

Cavity 2 LEFT BLADE

1225 1230 1235 1240 12:45 1250 12:55 1300 13:05 1310 1315 1320

= cav2_le_bla {sensor_id: cav2_fpc_cavity_line} == cav2_le_bla {sensor_id: cavZ_lefiblade_cav_longside} == cav2_le_bla {sensor_id: cav2 lefiblade_cav_shortside}

= cav2_le_bla {sensor_id: cav2_leftiblade_sec_shortside}

Cavity 2 RIGHT BLADE

1225 12:30 1235 12:40 12:45 12550 12:55 1300 13:05 1310 1315
= cav2._ri_bla {sensor_id: cav2_rightblade_cav_longside} == cavZ_ri_bla {sensor_id: cav2_rightblade_cav_shortside}

== cav2_ri_bla {sensor_id: cav2_rightblade_seco_shoriside} == cav2_ri_bla {sensor_id: cav2 rigthblade_seco_longside}

o RFD Cryomodule transport STFC to CERN - EDMS#2755675



Since the transport...

Cavity 2 FPC

5

Mechanical operation on cavity 2 the 13|

%9 28 General / Crab cavity tests at SM18 ¢ <3

s 4

-100 " %
Cavity 1 Overview T
Q cav1_fpc {sensor_id: cav1_fpc_cavity_line} ) 45 pm/m . -200
cav1_fpc (sensor_id: cav1_fpc.long_side) ) 13umim 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
og cav1_fpc {sensor_id: cav1_fpc_secondary_line} ) 27 umim . ) N N N N N
oo cav1_foc fsensor_id: cav1_foc_short_side} y 88 umym == cavZ_fpc {sensor_id: cav2_fpc_cavity_line} == cavZ_fpc {sensor_id: cav2_fpc_long_side} == cav2_fpc {sensor_id: cavZ_fpc_secondary_line}
cavl_le_bla {sensor_id: cav1_leftblade_cav_longside} ) 16 m - .
=} cav1_le_bla {sensor_ic: cav1_leftblade_cav_shortside) ) T == cav2_fpc {sensor_id: cav2_fpc_shori_side}
cav1_le_bla {sensor_id: cav1_leftblade_sec_longside} ) 12 pm/m
cav1_le_bla {sensor_id: cav1_leftblade_sec_shortside} ) 17 pm/m
cavl_ri_bla {sensor_id: cav1_rightblade_cav_shortside} ) 2 m -
cav_ri_bla {sensor_id: cav1_rightblade_cavity_longsi. ) cavlty z LEFT BLADE
cav1_ri_bla {sensor_id: cav1_rightblade_seco_longside} )
cav_ri_bla {sensor_id: cav1_rightblade_seco_shortsi. )
Cavity 1 FPC
200
100 p)
100 ————_———
50 _—
0 = ]
-100
= ! L — L | — — —
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 praii} 00:00 02:00
== cav1_fpc {sensor_id: cav1_fpc_cavily_line} == cav1_fpc {sensor_id: cav1_fpc_long_side} == cav1_fpc {sensor_id: cav1_fpc_secondary_line} = cav2_fpc {sensor_id: cav: _EUD
== cavl_fpc {sensor_id: cav1_fpc_short_side} == cav2_fpc {sensor_id: cav;
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
Cavity 1 LEFT BLADE
== cav2_le_bla {sensor_id: cav2_fpc_cavily_line} == cav2_le_bla {sensor_id: cav2_leftblade_cav_longside} == cav2_le_bla {sensor_id: cav2_lefiblade_cav_shortside}
20
e e —— === = 200 == cav2_le_bla {sensor_id: cav2_lefitblade_sec_shortside}
. N — .
w1 e 200 Cavity 2 RIGHT BLADE
00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 02:00
== cavl_le_bla {sensor_id: cav1_leftblade_cav_longside} == cavl_le_bla {sensor_id: cav1_leftblade_cav_shortside} - cav2 | {sensor_id: c}
== cavl_le_bla {sensor_id: cavl_leftblade_sec_longside} == cav1_le_bla {sensor_id: cav1_leftblade_sec_shortside} = cavZ_le_bla {sensor_id: ¢}
Cavity 1 RIGHT BLADE 500 =
500
] 0
o i lll
-50
S S—— = — -500 _SUD
00:00 02:00 04:00 06:00 08:00 10:00 12.00 1400 16:00 18:00 20:00 22:00 00:00 02:00
== cav1_ri_bla {sensor_id cavl_rightblade_cav_shortside} == cavl_ri_bla {sensor_id: cav1_rightblade_cavity_longside} == cav2_ri_bla {sensor_id: c:
— cav1_ri_bla {sensor_id cavl_tightblade_seco_longside) — cavi_iibia {sensor_id: cav1_ightblade_saco_shortside) — cava_ri_bla (sensor_id: ¢ 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
® == cav2_ri_bla {sensor_id: cavZ_rightblade_cav_longside} == cav2_ri_bla {sensor_id: cavZ_rightblade_cav_shortside}
== cav2_ri_bla {sensor_id: cav2_rightblade_seco_shoriside} == cavZ_ri_bla {sensor_id: cav2_rigthblade_seco_longside}
®
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Since the transport...

44 B8 General /Crab cavity testsat SM18 ¢ 8 B & (O Last3hours ~

This morning...

cav2_fpec {sensor_id: cav2_fpc_cavity_line}
cav2_fpc {sensor_id: cav2_fpc_long_side}
cav2_fpc {sensor_id: cav2_fpc_secondary_|

Q cavl_fpc {sensor_id: cav1_fpc_cavity_line} )
cav1_fpc {sensor_id: cavl_fpc_long_side}

+ cavi_fpc {sensor_id: cav1_fpc_secondary_|
cav1_fpc {sensor_id: cav1_fpc_short_side} cav2_fpc {sensor_id: cav2_fpc_short_side}
cav1_le_bla {sensor_id: cav1_leftblade_cav.. cav2_le_bla {sensor_id: cav2_fpc_cavity_line}
cav1_le_bla {sensor_id: cav1_leftblade_cav.. cav2_le_bla {sensor_id: cav2_leftblade_cav..
cavl_le_bla {sensor_id: cav1_leftblade_sec. cav2_le_bla {sensor_id: cav2_leftblade_cav...
cavl_le_bla {sensor_id: cav1_leftblade_sec. cav2_le_bla {sensor_id: cav2_lefttblade_sec.

cav?2_ri_bla {sensot cav2_rightblade_cav...

cav2_ri_bla {sensor cav2 rightblade_cav...
cav2_ri_bla {sensol cav2 rightblade_se...
cav2_ri_bla {sensor_id: cav2_rigthblade_se.

cav_ri_bla {sensor_id: cav1_rightblade_cav..
cav1_ri_bla {sensor_id: cav1_rightblade_cav...
cav1_ri_bla {sensor_id: cav1_rightblade_se..
cav1_ri_bla {sensor_id: cav1_rightblade_se.

Cavity 1 FPC Cavity 2 FPC

09:30 0715 07:30 07:45 08:00 08:15 08:30 08:45 09:00 09:15 09:30 09:45
== cav2_fpc {sensor_id: cav2_fpc_cavity_line} == cav2 _fpc {sensor_id: cav2_fpc_long_side}
== cav2_fpc {sensor_id: cav2_fpc_secondary_line} == cav2_fpc {sensor_id: cav2_fpc_short_side}

07:15 07:30 07:45 08:00 08:15 08:30 08:45 09:00 09:15
== cavl_fpc {sensor_id: cavl_fpc_cavity_line} == cavl_fpc {sensor_id: cav1_fpc_long_side}
== cavl_fpc {sensor_id: cavl_fpc_secondary_line} == cavi_fpc {sensor_id: cav1_fpc_short_side}

Cavity 1 LEFT BLADE Cavity 2 LEFT BLADE

09:00 09:15 09:30 09:45 10:00 07:13 07:30 07:45 08:00 08:15 08:30 08:45 09:00 09:13 09:30 09:45
== cav2_le_bla {sensor_id: cav2_fpc_cavity_line} == cav2_le_bla {sensor_id: cav2_leftblade_cav_longside}

== cav2_le_bla {sensor_id: cav2_leftblade_cav_shortside} == cav2_le_bla {sensor_id: cav2_lefttblade_sec_shortside}

07:15 07:30 07:45 08:00 08:15 08:30 08:45
== cavl_le_bla {sensor_id: cav1_leftblade_cav_longside} == cav1_le_bla {sensor_id: cav1_leftblade_cav_shortside}

== cav1_le_bla {sensor_id: cav1_leftblade_sec_longside} == cav1_le_bla {sensor_id: cav1_leftblade_sec_shortside}

Cavity 1 RIGHT BLADE Cavity 2 RIGHT BLADE
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Future activities

* Support during the mechanical reparation of cavity 1 thanks to the optical instrumentation +
additional instrumentation.

\'

FPC tube strain monitoring

ey
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Conclusion [ Lessons learnt

» Lot of data collected during the cryomodule transport from UK to assess the dynamic
simulations and validate the transport frame efficiency;

* For future transports from UK << CERN, a limited instrumentation should be used
(based on shocklogs with GPS and GSM connections to collect shocks, Temp, HR);

* Internalinstrumentation based on optical fibers
is useful during assembly operations and after
transports !

* Local experts (STFC, TRIUMF in the future) must
be identified and/or trained to support our
activities remotely.
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