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All SNS cryomodules were transported from Jefferson Lab to
Oak Ridge.

FNAL CM1 cryomodule was transported between two
buildings inside Fermilab (from ICB to NML).

FLASH 3.9 GHz module flew from Fermilab to Paris and
“drove” all the way to Desy.

Many TTF cryomodules were transported on a regular truck
Inside DESY (from Halle 3 to CMTB to the FLASH tunnel)
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1 Cryomodule transportation

Previous experiences on cryomodule

European

XFEL ] transportation

Shipping and alignment for the SNS cryomodule,
T. Whitlatch, et al., TPAH119, PACO01, Chicago

Performed road test using CEBAF cryomodule
Module cradled in a stiff frame with rubber pads

Alignment check after road test: a 0.3mm downward shift of one of the
flanges; all other measurements were within instrument tolerances.

Maximum accelerations of the beamline were 0.9, 1.3and 1.4 g
(vertical, axial, and transverse direction).

1.3 GHz Cryomodule (CM1) Transport to New Muon Lab (  NML),
M. McGee (AD/MS), August 11, 2008, MSDN-ME-000076

= Module on a frame damped with shock absorbers.
= Very slow ride, no abrupt acceleration / deceleration.

= Acceleration values on the rigid frame up to 1.7 / 2.1 g (vertical /
transverse); below 0.5 g on the cavity string.
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XFEL | XFEL cryomodule transportation system

Industrial study fixed maximum allowable acceleration on
the cryomodule to 1.5 g (to avoid coupler damages) and
recommended use of end caps to fix the GRP to the VV

Design of the frame included extended analysis and testing
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XFEL | Transportation monitoring system

2 independent X, Y, Z MoniLog measurement system

accelerometers, with s %l‘v
synchronized time stamps [ ml
(set at the beginning from &4 s =
the computer) | |
GPS recording H s

=
Values to be set: jmf

= Record (record of time and X, y, z values)
= Alarm (detailed record of the next 2s)
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XFEL | Transportation monitoring system

Parameter

Meas. channels WGPs WMT T F [ &N
Everts "ol b1 T B2 I” D3
VGPs WX MY WMZ

Meas. ranges  [g] {5 L] I5 LI I5 LI
o 5 5 I5

Reg thesholdz]  [10 | [0 <] 10 =] |+

Al thieshold (%] |20 20 [20 *2
Frequency range [Hz] fio0 ]
Min. shock duration [ms] f
Curve duration [ms] [oss ~]
T/HZAN interval [min:sec] flooo
Hamburg - Saclay Saclay — Hamburg

inside frame outside frame inside frame | outside frame

Record (*1) 059 1’2 g (gP(>|3|:8E)L) 0,59 1049
Alarm (*2) 1049 1’2 g (gP(>Ii/II:8E)L) 1049 159
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XFEL | Example of recorded values

Module 8 transportation from Desy to CEA

Overall view of the trip:
blue=record red=alarm

100

50

[g

ot
| Values at

DO I I Cursor position:

D1 T: 1214C
D2 n 46

X: -053¢

Y: 019g

D3 zi 1d1g

i j i i —R: 1.25¢
12h 18h 00 h 06 h [t1 dv: 0.11 m/s

03.11.08 04.11.08
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XFEL | Monitored transportation

Monitored transportation:

= Module 8 (M8): DESY — CEA and CEA — DESY

= PXFEL2: DESY — CEA and CEA — DESY (11/09)

= PXFEL2: DESY — CEA (07/10)

= PXFEL2 1: CEA — DESY (spring 2011, data not recorded)
= PXFEL3 1: CEA - DESY
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Cryomodule transportation

M8 and PXFEL2

aX,aY,aZ at maximum aR = VaX? + a¥Y?2 + aZ?

Hamburg - Saclay
inner frame outer frame
ax [g] ay [g] aZ [g] ax [g] ay [g] aZ [g]
Module 8 0.55/-0.59 0.62/-0.58 1.11/-1.18 no data, limit was to high (2g)
Module PXFEL2 (11/09) | 0.69/-0.78 0.84/-0.82 1.38/-1.08 0.82/-055 | 1.45/-1.44 | 2.34/-1.95
Saclay - Hamburg
inner frame outer frame
aX[g] aY [g] aZ [g] aX[g] ayY [g] aZ [g]
Module 8 0.55/-0.47 0.86/-0.87 1.42/-1.30 0.5/-0.43 1.26/-1.4 1.95/-1.25
Module PXFEL2 (11/09) 0.54/-0.42 0.69/-0.55 1.07/-0.92 0.49/-042 | 0.92/-1.11 | 1.97/-1.62
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XFEL] PXFEL3 1 results
2 main event, one on the outer and one on the inner frame

Outer frame Inner frame
3.91 g event (~h 19)
D 2.06 g event (~=h 19:40 >
= / J ( ) = 1.92 g event (~h 19:40)
2 O
8 T o
@ @
(D] Q
(&) Q 174
O 15 (@]
< <
Time 18 h 00 h 06 h 12I'|'rime18h
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First event on PXFEL3 1

26.10.11 13:00:42
261011 19.01:32
26.10.11 13:01:32

195 26,1011 19:01:32 019 034 086
196 261011 19.01:32 007 012 067
197 26,1011 19.01:32 054 043 033
198 261011 19.01:32 030 057 104
193 261011 19:01:32 038 053 1.25
200 26.10.1119.01:32 030 080 102
20 261011 19.01:32 023 007 073
20 261011 19.01:32 024 0.25 058
203 261011 19.01:32 037 034 073
204 26.10.1119.01:32 017 023 054
205 261011 19.01:32 058 0.40 059
206 261011 19:01:32 039 050 030
207 26,1011 19.01:32 043 026 052
208 261011 19:01:32 023 062 0.89
209 261011 19.01:32 024 032 080
210 261011 19:01:32 057 057 113
21 261011 19.01:32 045 022 084
212 261011 19.01:32 013 023 085
; : : ; 213 261011 19.01:32 0.24 032 060 .
W | "'"" T - - 214 261011 13:01:32 015 —
4 215 26.10.11 19.01:32 008
Outer frame z zonenz o R
L 217 26.10.1119.01:32 023 0.21 063
o 2 wetues | s | s | us USRNSSR —
: 1 10,11 19:01: 1 -0 .54
i Max aZ = 3 glg 220 26,1011 19.01:40 015 019 050 \ w
! 221 261011 19.01:40 021 015 052
f27) 26.10.11 13.01:40 020 048 050 0 5 an d 1 0
223 26,1011 19:01:40 0.07 0.26 0.71 y g y g
2- Values at 224 26,1011 13:01:40 017 026 053
Ciszorposhinn; 225 261011130140 015 023 052
— % 02934 2% 26,1011 19:01:40 013 034 055 after the 3 91 g at the
BE z | muima | o] e o= ’
& oo = mwmma 0o 0s 0w OUtEr frame.
210 26.10.11 13:01:40 0.2 014 082
23 26,1011 19.01:40 053 032 052
i e m 261011 19:01:40 012 017 072 .
Soa 23 26,1011 13.01:40 0.27 0.29 055
i 234 26,1011 13.01:40 020 022 057 The tl me between the
- 3:5 235 26.10.11 13.01:40 021 051 0.40 .
e 2% 261011 19.01:40 019 015 054 f t d th I t -t
et 237 26.10.11 19:01:40 010 020 050 IrSt an € 1ast even
-S12H: 233 261011 18:01:49 020 036 064
2319 26.10.11 13:01:49 0.25 077 084 2 0
240 26,1011 19:01:49 032 046 095 was SecC.
recordEd over 2000 ms 241 261011130143 012 082 121
%00 1000 1500 2000 2500 | 242 26,1011 19.01:43 031 025 055
ims]
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High value only on outer frame; | \mmam

acceleration on the inner frame below ST e

“record” limit e

Time behavior looks similar to other :J‘ ‘ |

“shock” events (potholes, rough roads, ...) _‘
lnn:rmfiame

4 g acceleration is an expected f o lar” ventat

load during transportation on semitrailer ¢ Al

lorries with air suspension

http://www.smt-hybrid.de/fileadmin/PDF/Handbook.pdf, “Making the transportation of
susceptible goods transparent”, by SMT & Hybrid GmbH, page 9
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XFEL|]Event 1 on PXFEL3 1

High value only on outer frame; | o

acceleration on the inner frame below [ ST e
“record” limit

eleration (g)

m
This seems a normal event, well damped by the frame

No need of additional investigation

a4 y diiricialull Is dail cApeLlcU , ;;“m;':%'ém_‘
load during transportation on semitrailer : Rl
lorries with air suspension
http://www.smt-hybrid.de/fileadmin/PDF/Handbook.pdf, “Making the transportation of

susceptible goods transparent”, by SMT & Hybrid GmbH, page 9 ’H ‘ W
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Outer frame Inner frame
/ 2.06 g “alarm” event
5 5 | 1.92g"alarm” event
8 T
@ (<
(D] Q
(&) O 174
QO 1] O
< <
Time
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Cryomodule transportation

inner frame

aX [d]

aY [g]

aZ [g]

-0.35

1.1

1.92

Second event on PXFEL3 1

outer frame

aX [d]

ayY [g]

aZ [g]

-0.42

2.02

2.06

OUTER FRAME - Z acceleration

INNER FRAME - Z acceleration

25 25
B 2 CY
c 15 = 45
g 1 g 1
@ 05 T 05
8 9 g 0
g-05 8 -05 i
< -1 8 -1 |
-1.5 -15 ' '
o ¢ o2 v B @ & =2 B @ 2 Y oY P e e Y e e S N T R ST S} ® 9 ¥ R R T R
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inner frame

aX [d] aY [g]

aZ [g]

-0.35 1.1

1.92

OUTER FRAME - Z acceleration

M,

NO vertical

Second event on PXFEL3 1

outer frame

aX [d]

ayY [g]

aZ [g]

-0.42

2.02

2.06

damping?

INNER FRAME - Z acceleration

5
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inner frame

aY [g]
1.1

aX [g]
-0.35

aZ [g]
1.92

OUTER FRAME - Z acceleration

N

NO vertical

s

Acceleration (g)
& o
Lok UNG

'
ey
L

2% %
o O

CRE R
o © © o ©o o ©o o

ooet

)
(=]
2

33 %

ooVt

Time (ms)

Second event on PXFEL3 1

outer frame

aX [d]

ayY [g] aZ [g]

-0.42

2.02 2.06

damping?

acceleration (g)

ouTeR FRAme - v accelerion YES Trapisverse dam ping?

INNER FRAME - Z acceleration
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INNER FRAME - Y acceleration
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inner frame outer frame
aX[g] ayY [g] aZ [g] aX[g] ayY [g] aZ [g]
-0.35 1.1 1.92 -0.42 2.02 2.06
. OUTER FRAME - Z acceleration NO Vertlcal daz-srnplng? INNER FRAME - Z acceleration
'“ h\ﬁ‘ a 2 % o AU Y Wttty
This doesn’t seem a normal event: [
why almost 2 g in both vertical and transverse direction?
5’ why the frame didn’t damp the vertical acceleration?
Need of further investigation ‘
Time (ms) Time (ms)
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Additional investigation is needed on the second event;
contact also the company that produced the frame

6 additional monitoring devices (Sensr accelerometers)
procured for next module transportation, to be positioned at
the other side of the frame on the fixed and damped
structures

Comparative test between different devices (Monilogs,
Sensr, Shocklog)

Additional GPS transponder procured (we can localize the
truck during the trip)

Further analyses on the frame: test of the whole assembly?
Additional tests on the coils? ...
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Thank you to all the colleagues
from Fermilab, INFN and Desy
who helped in this work
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