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Disclaimer

e Data was provided by

— W. Maschmann, J. Eschke, R. Lange, K. Jensch, D.
Kostin, L. Lilje

o Additional data from Chechia C26 pressure test by
— C. Albrecht and A. Labanc

e This is very preliminary!
— E.g. some calibrations are under review
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Motivation for the Module Crash Test

« Test has to fulfill several objectives

* Main Objectives
— Demonstrate compliance with high pressure vessel codes

» In other words: Demonstrate that - even in case of a major problem (e.g.
accident) occurs - the problem remains contained to the cryostat

— Crosscheck of numerical calculations for heat influx, pressure drops etc.
— Demonstrate that selected safety measures are effective

» E.g. safety valves positioned correctly, relief valve pressure limits correct
etc.

« Additional Objectives
— Crosscheck interlock philosophy

— Understand which parts of the module would really need to be replaced
(cavities, couplers, motors, piezos etc.)

— Improve understanding of interplay of the various components
— Develop simple series pressure tests
* Pre-test of individual cavity in CHECHIA
— Pressure in cold conditions
— Coupler venting

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann /e ® ':I @" HELMHOLTZ
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Spectrum of cavity C26 changed proportional from the pressure in the tank.
At 0 Bar
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Cavity Spectrum under Overpressure — 2K

At 1Bar
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Change in the Frequency under Overpressure — 300 K
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Preliminary Assumptions
for Pressure Tests

4x 1,43 =5,72 bar (5,8)

Priiflaboratorium fir Druckgerite
Priifbericht zur Entwurfspriifung
von Druckgerdten / Druckgerateteilen

ToVNORD

Priflabor Hamburg

Auftrags-Nr.: 8103790683 Priifbericht-Nr.: STK1PO9T1TO2
'HERSTELLER / INVERKEHRBRINGER | EINSTUFUNG -
| Deutsches Elektronen-Synchrotron Prifgrundlage 97/23/EG (PED. DGRL) |
Motkestr. 85 Regewerk EN 13445 !
22607 Hamburg Kategorie IV Modul |B, Diagramm 2 '
Tel: ++49(0)40/8998-0, Fax. -3282  |Artdes Druckgerates  |unbefeuertes Druckgerat |
TECHMISCHE DATEM I
Priifgegenstand: XFEL-Cavities mit H-e_luum-lanh: Herstell-Nr. uﬁ_b-ekannl !
Hauptzeichnung: 1_06_8316_0_000 v. 08.11 07 Baujahr  ab 2008
Druckraum nk | Raumil | Raum i
Min./max. zuldssiger Druc;_ ) I 0/0 I 0/0 .
Min.Jmax. zul. Tempes . ' oro 0/0
: Unbekannt 0 , 0
<« |Fuid !
Pritfdruck (erstmalig) 0,0 0.0
Medium (Gasdrueckprifung) - -
Schweailnahtwertighei %o &5 0 0
Fluidgruppe 2 1] 0 I
Komosionszuschlag [rmim) 0 0 0 [
ERGEENIS:

Die Prifung erfolgte in Ubereinstimmung mit den Anforderungen der Richtlinie 97/23/EG
und den ¢.g. Prifgrundlagen und ergab keine Beanstandungen.

|Hinwels  Die Prifergebnisse beziehen sich ausschlisftlich auf den beschrieberen Prifgegenstand :
und nur auf die dreckbeanspruchten Bauteile. Eine auszugsweise Vervielfaltigung des |
Prufoerichtes ohne schrifiliche Freigabe des Pruflaboratoriums ist nicht zuldssig
Die in der Anlage genannten Prifvermerke sind zu beachten.

ort: Hamburg Priiflaboratorium flir Druckgerite der

Datum:  29.01.2008

TUV N & Co. KG

"

N P

Draft Version
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Proposed Sequence of Venting Tests

(decided meeting 23-April-08 10:00 Jensch, Lange, Maschmann )

The European

FEL

X'Ray Lasel’ PrOjeCt X-Ray Free-Electron Laser

Venting Condition Cavity Coupler Tuner Cryo Vacuum Remark
Iso slow 2K, 30 mbar Check Piezo Measure losses Measure Helium
performed RF Off Rate and Level tbd.
Coupler slow 2K, 30 mbar Perfomance Measure losses Measure Nitrogen
performed RF Off Reprocessing Rate and Level thd.
Cavity slow 2K, 30 mbar Performance Measure losses Measure Nitrogen
performed RF Off Detuning Rate and Level thd.
Reprocessing
Iso fast 2K, 30 mbar Performance Tuner motors Pressure Measure Controlled,
cancelled RE Off Detuning increases Leaks Rate tbd,
Reprocessing Nitrogen

Iso fast 2 2K, 30 mbar Performance Tuner motors Pressure Measure Catastrophic,
2 times RF Off Detuning increases Leaks Air
performed Reprocessing
Coupler fast 2K, 30 mbar Pressure Measure Controlled,
cancelled RF Off increases Leaks Rate thd,

Nitrogen
Cavity fast 1 2K, 30 mbar Pressure Measure Controlled,
cancelled RF Off increases Leaks Rate thd,

Nitrogen
Cavity fast 2 2K, 30 mbar Pressure Measure Catastrophic,
Next test RF Off increases Leaks Air
In kw 18
Cavity fast 3 2K, 30 mbar Pressure Measure Controlled,
To be RF On increases Leaks Rate tbd,
cancelled Nitrogen
Cavity fast 4 4.5K, Pressure Measure Nitrogen, Need to block 2 safety
Probably 1.7 bar, increases Leaks valves
Test in kw 19 RFE Off VD1R130 and VS1R90

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilie, W. Maschmann

FNAL Meeting 23-April-08
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Venting systems
for Coupler-, Cavity-
and Iso-vacuum

3
-

Venting system beam-pipe-vacuum DN 100

Venting system coupler-vacuum DN 100 Venting system isovacuum DN 100

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann ﬁ HELMHOLTZ
FNAL Meeting 23-April-08 ] GEMEINSCHAFT
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Additional Sensors for Crash Test

CMTB - Erweiterung fur Crash-Test
Sicherheitsventile:

TSW1 295,91 K an WSZR40 TSV 296,13 K an WS3V102 E

TEVZ  29T.29 K an WS4R103  TSWE 295,11 K an VWS4RZ0
TEW3  ZE6.52 K an VERVMIOD  TSWE 2065 05 K an YSZRS0

I=solieryvakuum

TsL 205 ,eaK  SPIVIOI N

TO3M 295,86 K YT =i
TD3R 296,16 K

TOZ5 296,16 K
TOZL 296,22 K
TOZM 296,08 K
TOZR 296,30 K

I=zoliervakim

TOIL 295,77 K
TOIM 295,685 K

Valunmnschieber TDIR | 296.36 K

TEY3 292 52K
TEYa 292 65K

TEY2 292 71K
TFY1 292 .66 K

W Wl T W W W T N T W Vi Wi VAT o |

T6-zlzer Rohr Anfans TE6-zlzer Rohr Mitte
iﬁ[!l!ﬂbam bar
TK1AR TKZAR TKIAR THAAR TKSAR TKEAR TETAR THEAR
SO5 . FHK | D05, 5EK | 205 TAK | 205 30K | 205 32K | 205,15 K 206,410 205 11K
SPTWLOZ
O, oy
Kopp Lervakuumn Bivivivis et mimivlvivivivivieivivivieie
TEW1 293,01k
TEWZ 253,18 K
fehild TEL1IU TEZIO TKIIU TK4I0 TESIU TEEIO TETIU TKEIO
chil 995 80K 295,55 K 995,38 K 296,00K 795,52 K 795,.75K 295,07 K 795,00 K — TE¥3 285,15K
Tenperaturen: L TFW4 797 .08 K

TFST 293,86 K
TF53 296,69 K

TFS4 296,47 K TEST 293,458 K
203,87 K TESS 295,99 K

TES4d 295,50 K
293,67 K

Strahlrichtung

TFSE 293,67 K
TES2 | 295,49 K

286,55 K TESE 293,67 K
TF=8 294,14 K TES1 295,41 K

296,85 K
TESS | 278,54k

-G —2002 T, Boeckmarnn



Slow Isolation Vacuum Venting with Helium

The European

TTF 2003 03.2008 03.2008 03.2008
Iso 1*10-6 Iso 3*10-5 Iso 7*10-5 Iso 2*10-4
4,3 K 14 W 14,43 W 22,7 W 58 W
circuit
2 K <35W 3,3W 3,84 W 12,47 W
circuit
40/80 K 75 W 125,6 W 112 W 43,3 W
circuit (endcaps!) (endcaps!)

FNAL Meeting 23-April-08
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Kopp lerd Innenrohroben
h kKopplerdsussenrohrrechts
Koppler3Innenrohrunten

[K1 Koppler2Iinnenrohroben

JK Koppler] Innenrohrunten
L EEds "eChNis
G.

Coupler temp-sensor outside

The European
X-Ray Laser Project

TTF.ERYO/EPICS _MESIMTS /CMTEMICTRS IO T/ VALUE
TTE_KRYO/EPICS _MKSIMTS/CMTEM3ICTR4AR_T/VALUE
TTF. KRYO/ EPTICS_MES IMTS SCHTEMIC TRETU_T/VALUE

ITF.KRYO/EPICS _MKSIMTS /CMTEMICTRZI0_T/VALUE

TTE.ERYD/ERPICS MESIMTS CMTEMICTE1IU T/VALUE
ITFE_KRYO/EPICS MKS1MTS/CMTEM3CTE1AR

(K]l KepplersAussenrohrrechts

294,
292.
290
288,
286. T |
284, i : &5 i | | I | p i ; | : i ; i | <]
13 h 14 h 15 h 16 h 17 h 18 h
26.3.08 26. 3.0 26.3.08 26.3.08 26.3.08 26.3.08
ICS_MESLHTS /CHTBE -oix|
[k] KopplersInnenrohroben TTF.KRYOLEPICS _MESIMTS/CMTEBMICTRBIO._T/VALY
EK} Koepplersaussenrohrrechts III-.KRYDIEP[ES MES IMTS/CMTEMIC TEEAR_T/VALUE
K Koppler? Innenrohrunten c | d TTF.KRYOSEPICS _MESIMTS/CMTEMICTK? TU_T/VALUE
. oupler temp-sensor outside . p MES MFS ZCMEEN _ VALL
[K] KepplerSInnenrohrunten TTF.KRYO/EPICS MRS IMTS/CMTEMICTRS IU_T/VALY

TTF.KRYDSEP ICS_MESIMTS/CMTEMCTRSAR_T/VALUE

FEL

X-Ray Free-Electron Laser

v |
& » 4 i + .E
i3 h | i5 h 16 h 17 h 18 h
26.3.08 26.3.08 26.3.08 26.3.08 26.3.08 26.3.08
. TS IACLLWGT _inix|
N Vi /MIS_T4ACCI/PT1 P
[mbar ] TTF . VAC/ TON_PUMP/MTS . 7ACC 1 - HG/P
1000 V]
1003 .
il Kopplervac. Venting start at 10-8mbar / stop at 600 mbar
1
|1‘ :
0:14
|
ﬂ.ﬁli
| — T—hl dlo bt L . N e i " A TR | ki _..E
13 h 149 | 15 h 16 h 17 | 18 h
J. Eschke, 26.3.08 26.3.08 26.3_08 26.3. ]ns 26.3.08 26.3.08 10LTZ
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Cryo-losses : isolation-vac.: 6 — 7 * 10-5 mbar / coupler-vac. vented!
Design Couplervac. Couplervac.
TDR 10-8 mbar 10-1 mbar

4,3 K
circuit 21 W 22,70 W 23, 77T W

2 K
circuit 4,2 W 3,84 W 4,07 W
40/80 K 115W 112 W'! 108,66W!
circuit Flow 12,20 Flow 11,56

g/sec g/sec

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann

FNAL Meeting 23-April-08
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Slow venting beampipe-vac.at 2 K operation

— First step venting ca. 500 | with N2 (27.03)

— Overnight-break:
 measure kryo-losses

— Second step venting ca. 1600 | with N2
(28.03)

— Warm up complete modul
— Check of safety valves beampipe

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann

: _ lEE‘Sﬂ # neLmnovtz
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Slow venting beampipevac.

The European

X-Ray Laser Project ray rre eicciron taser

with N2

Steps Pressure He-Flow Vacuum- 2K

Beampipe compressor pressurse
Feedcap

Venting beampipe |5,5*10-7 Exept to 8 g/sec max. 32,5

with mbar mbar

ca. 5001 N2

Overnight — break |5,5*10-7 Normal 1,15- 30 mbar
mbar 1,2g/sec

Venting beampipe | 5,5%10-7 Exept to 12/sec max. 40

with mbar mbar

ca. 16001 N2

FNAL Meeting 23-April-08

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann
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Level Endcap TTF.KRYO/EPICS _MKSIMTS/CMTESLIRS90_AT/VALUE

2 K- level

i L : | ... B
13 h i4 h 15 h 16 h 17 h 18 h
27.3.08 27.3.08 27.3.08 27.3.08 27.3.08 27.3.08

YO TP I TR LrTa CHTESP RS AT oA _lofx|

[nhsnr] DruckEndcap0-100nbar TTF.RRYO/EPICS _MKSIMTS/CMTBSPIRS91_AL/VALUE
4.1

2 K- pressure

Plot (histary)

[}'_%J’OS] ZRRUECKREGELUNGFLOW TTF2.KRYO/EPICS_MKSITTF/TVCSFIR92_AL/VALUE

‘Pumpflow vac. compressor’s

8.

17 h
27.3.08

TTE.VAC/OILFREE_PS/MTS_14ACC1/PI1.P

Venting ca. 500 | N2 into beampipe / Start with 3I/min up to 27 I/min

up to 27 I/min
Start with 3I/min

.01 4

0.001 == N R ] <

12 h 12 h 14 h 15 h 16 h 17 h 18 h
27.3.08 27.3.08 27.3.08 27.3.08 27.3.08 27.3.08 27.3.08 =

J. Eschke, K. Jer s e e =S s ogsy | " HELMHOLTZ
FNAL Meeting 23-April-08 Zon | GEMEINSCHAFT 1
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[%] LevelEndcap TTF. KRYO/EPICS_MKS IMTS/CMTESL 1RS90_AT /VALUE
100. |
B0. L

2 K- level
B .
40.F Jh_\x\
| L L L 1 i L L il i H
9 h 10 h
28.3.08 28.3.08

5 I HTSICHTRSPLSST_ALVALUT =8| %
[114[12:'"'] I]r!..n:kf_l'ldl:'apﬂ— tl}ﬂ_ﬂh:‘ll‘ TTF.KRYOD/S Ef‘!l:'ﬂ_.%_"_i_1_HTSJT(HTBE_P'1RS'EI I_i\IJ‘fvﬁ.LuE

=l 2 K - pressure

36. +
34.+
32.+
30. 1

28. | . ' L : | : L ' | : A L : [<]>

7 h
28.3.08

9 h
28.3.08

VC1 D-20G5

Pumpflow vac. compressor

[a/s] TTF . KRYO/ FLOW/VAC T _COMP/FLOW

[mbar]
10!

1 1 Venting ca. 1600 | N2 into beampipe / Start with 3I/min up to 25,8 |/min

TTF.VAC/OILFREE_PS/MTS_14ACCT1/PIN.P

0.1 1
2:24 Start venting
0.001 - : : - ] i ; ; . . : ; : (<] ]
L | h
J. Eschke, K, 28" 308 257308 2873 08 28308 HELMHOLTZ
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Fast Venting Procedure: Isolation-Vacuum

— First venting test 18.4.2008 14:09

e This was really loud...

» Valve open for approximately 3 minutes

e pump on iso-vac after roughly 30 minutes
— Stable 2 K operation after a few hours in the evening
— Weekend

— RF operation on monday morning
* RF performance did not change
— Second venting test 21.4.2008 15:07:31
» Valve open for approximately 3 minutes
e no pumping of isolation vacuum
— Warmup
— Repair
 Small Leaks
— 2K to Iso: existed before crash, replace Indium on 300 mm pipe
» get temperature readout on 300 mm pipe operational

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann
FNAL Meeting 23-April-08 l‘
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The European X F E L

X'Ray La.ser PrOJeCt X-Ray Free-Electron Laser

Max. Druck im 76éer Rohr ( 2 K Pressure))

bar

(0, 235}

Druck am Fhziger Rohr A
[CHTEMICSFTVIGM_al
bar

(0, 2.5)

Druck am 76ziger Rohr M
| CMTBSPIRS90 al

. har
2- /Drucksonde Mitte Erva Eaxkcop D-2bar

Drucksonde Feedbox

]
-40 -20 14:11:00
Apr 16, 08

T T
=120 =100 -l -G

{ Seconds)

J. Eschke, K. Jensch, D. Kostin, R. Lange, L. Lilje, W. Maschmann 0@ ,f-" HELMHOLTZ
FNAL Meeting 23-April-08 Ly | GEMEINSCHAFT 5
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X'Ray La.ser PrOJeCt X-Ray Free-Electron Laser

Max. Pressure in 4 K - System

16— untithed Em_m ]
- (2,16)
Druck 4K Vorauf Feedbiox
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14- (2,16)
Feedhox
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12+ Feedbox He Waermetauscher
10—
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a
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£
4
Trigger: 14:09:32 Uhr I ary
z I : | i | . | '
-3n -2l -0 14:10:00 mln
{Seconds)
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Max. Pressure in 4 K - System

untitied ICMTHSFE’VJI]_N
16= Bar
{£,16)
Druck 4K Vortauf Feedbox
[l:MTH'Sﬁ Vo _ai
14 {3 "El
[C"HTEEPI V6_al
har
(2,16}
12+ Feedbox He Waermetauscher
10
8-
6
4_—1
- |
-20 =10 14:28:00
)
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Max. Pressure im 70 K - System

untitied JCMTBSP3IVIO al |

20— Bar
{0, 20}
Feedbox He Eintritt Schild
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bar
{0, 20}
Endcap Schild

2 10 i

Trigger: 14:09:32 Uhr

- I
-20 -10
{Minutes)
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Isovacuum and Beampipevacuum

TTF.VAC/PIRANI_VALVE/MTS_MODUL/P

1 16 h
18.4.08 18.4.08 18.4.08 15.4.08 18.4.08 18.4.08

TTF.VAC/PIRANI_VALVE/MTS_CAV/P

<[>

13 h 14 h 15 h 16 h 17 h 18 h
18.4.08 18.4.08 18_4.08 18.4.08 18.4.08 18.4.08
- Plot_hi=t: TTF.¥ACANLFREE _PSIMTS _TACCTAPG.P E
[mbar] TTF. VAC/OILFREE_PS/MTS_1ACC1/PG.P I
1T ]
"

0.0001 i ' ' 2l|,
le-07- — |
o |7 o I (] S e oy P [ Y [ (i | L ] | ey o | 1 [} .lail ||||||
18 h
&.4.C3

13 h 14 h 15 h 16 h 17 h
18.4.08 18.4.08 15.4.08 15.4.08 18.4.08 1
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Coupler Temperature Development

- TTF.RF/CPL.5_ADC/C8.MT5/CHO2
T70K PT1000 coupler 6

T70K PT1000 coupler 4 F.RF/CPL.5_ADC/C4.MTS/CHO2

T70K PT1000 Coupler 2 TTF.RF/CPL.5_ADC/C2.MTS5/CHO2
T70K PT1000 coupler 1 TTFE.RF/CPL.S_ADC/C1.MTS/CHO2

14:09 14:11 14:13 14:15 14:17 14:19 14:21 14:23 14:25 14:27
18.4.08 18.4.08 18.4.08 18.4.08 18.4.08 18.4.08 18.4.08 18.4.08 18.4.08 18.4.08

% Plot_hist: TTF.VACAON_PUMPIMTS. TACCT WGm

[mbar] TTF. VAC/ION_PUMP/MTS . 7ACC1. WG/P

le-06F ‘
le-08+ ‘ [ a’ I
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Damages, Problems and Operation

— Damages
* |solation Vacuum -
o Coupler vacuum -
 Beam pipe - Small Leak to Isolation vacuum developped
 Temparature measurements - Did not work on 300 mm pipe

— Leakage at emergency vent into he return line ‘Saugkreis'
— Burst disc - as expected it did what should have done...

— Problems

 DAQ system problems
— Temperature readout on first test
— Fast archiver on second test

* RF performance did not detoriate
— was not excellent before

e Tuner motors moved
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Summary

— Cavity pressure tests
* 6 bar at 2K without plastic deformation

* 5 bar at 300 K without plastic deformation
— 6 bar plastic defomation observed

e So far soft cavity, next test with 800C cavity

— Several venting tests in cold conditions were performed on
a full accelerator module

— ‘Slow* Vents of all three vacuum systems
* Heat loss measurements done, good agreement with simulations
» Rf performance did not change
 No damages e.g. leaks

— ‘Fast’ Vents on Isolation Vacuum
* Pressure incereases in He circuits measured
 RF performance did not change
* Minor damages
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Modulle 3*

11 CMTB, 10Hz (]
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® [} Module 3*
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Module 3* Module 3* Cavities tests:
Il Vertical (Cw)

B Horizontal (10H2)

74 Module 3 LINAC (10HZz)

Module 3* LINAC (5Hz)
Bl Module 3* CMTB (2Hz)
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XFEL Accelerator Module Components

Coupler
Feedthroughs

Length quantized n-A/2 (possibility of ERL)
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XFEL Accelerator Module (Cryomodule)

module end group module to module connection

manual valve

beam position

magnet package .
9 P g monitor

cold mass with cavities, magnet / BPM, HOM abs. beam pipe, valve
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