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——L RF Measurements for Quality Assurance During SC Cavity Mass Production

European

XFEL | Outline

Introduction to Quality Assurance (QA):

- major phases of cavity life cycle;
- goal of QA, based on RF measurements;
- RF measurements choice.
Realization:
- documents & new technique;
- acceptance levels;
- QA structure;
- database analysis.
Results & Statistics:
- main parameters (Fpi, L) adjustment;
- improvement of HOM suppression (TM011);
- HOM coupler notch filter (in Modules).
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RF Measurements for Quality Assurance During SC Cavity Mass Production

Introduction:

Major Phases of Cavity Life Cycle
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——L RF Measurements for Quality Assurance During SC Cavity Mass Production

European | INtroduction:
XFEL ] Main purpose of QA,

Main purpose of QA is achieving both RF and mechanical* characteristics’ requirements:
a) fundamental mode frequency at 2 K: F(TM010,pi) = (1299.7 £ 0.1) MHz;

b) flatness of field distribution: FF > 90%; Bl N
) cavity straight i oty ECC < 0.4 Usually OK
c) cavity straightness: cells eccentrici 4 mm; )
: ’ : ° d , Final EP
d) final cavity length: between reference rings L = (1059 * 3) mm;
e) cells shape (inner cavity surface fluctuation): Accuracy = + 0.2 mm. i R
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RF Measurements for Quality Assurance During SC Cavity Mass Production

European | INtroduction:

XFEL | RF Measurements Choice

Why do we need RF measurements for QA ? ->
1. To measure and calculate RF characteristics (frequencies, field, quality-factors, ...);

2. RF measurements are more flexible and do not required mechanical contact with
inner cavity surface;

3. They have very high sensitivity to mechanical deviations:
longitudinal: 1kHz — £ 3 ym, 3 um/1.5 m = 2E-6 = 0.0002 %,
transverse: 1kHz — £ 0.1 ym, 0.1 um/0.2 m = 0.5E-6 = 0.00005 %.

transverse deviations

SRF 2013 [TUPO053]: Estimation of small geometry deviations
for TESLA shape cavities due to inner surface polishing.

EXAMPLES:

" SRF 2015 [THPBOG6]: RF analysis of equator welding |- - - [=
| stability for the European XFEL cavities. Ay

I.-"E\Eﬁs Y?\-.I ﬁ HELMHOLTZ
e/ | ASSOCIATION

17% International Conference on RF Superconductivity, Whistler, Canada, September 13-18, 2015
Alexey Sulimov, MHF-SL, DESY (Hamburg), 16 September 2015




——L RF Measurements for Quality Assurance During SC Cavity Mass Production

European Real ization =
XFEL | Documents & New Technique

Normative documents for RF measurements:
XFEL Specification:
XFEL/003 — quality assurance and quality control;

XFEL/014 — frequency measurements on dumb-bell, half cell, _J8&
end group and cavity;

XFEL/014 — technical specification for welding in the helium
tank;

XFEL A-D — series surface and acceptance test preparation,
manual for Half Cell Measurement Machine
manual for the Cavity Tuning Machine
Manufacturers internal instructions for:

RF control of subcomponents (with HaZeMeMa),
RF measurements of a cavity,

operation with the Cavity Tuning Machine.
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RF Measurements for Quality Assurance During SC Cavity Mass Production

Realization:

European

XFEL | Acceptance Levels (AL)

Points in fabrication, where m
DESY has to accept before next step:

e

) i ) 1 cavity =2 end groups + 8 dumb-bells = 18 half-cells
Cavity sub-components fabrication,
Cavity welding ~‘ n Q
— AL 1. “Fresh” Cavity

Main cavity surface treatment, ~ "

Cavity tuning,
Integration into helium tank (HT),
Pressure test (PT)

— AL 2. Cavity in Helium Tank

Final surface treatment,
Assemble of all antennas
— AL 3. “Full Equipped” Cavity

A ﬁ HELMHOLTZ

17% International Conference on RF Superconductivity, Whistler, Canada, September 13-18, 2015 0.8\
I"-\/?ES‘:/-"I ‘ ASSOCIATION

Alexey Sulimov, MHF-SL, DESY (Hamburg), 16 September 2015



= RF Measurements for Quality Assurance During SC Cavity Mass Production

European | R€AlIZAtION:
XFEL | QA Structure

resear ch
mstruments

Inspection Sheet V_FO1
Ispct n Sheet V_F02 @L ZANON

Inspectlon Sheets for RF control:

AL 1: = X _HCP; X_F03;
V_F01x16; =  X_MO1; Y_MO1; . ]
VPO = XFOt; o Y_FOU 1. Automatic Data Analysis:
V_F03; AL2: Y_F02;
W_FO01x8; = X _M02; AL 3:

W02 = XFOZ + YO - Acceptance Level 1,

:m X_MO3;

- Acceptance Level 2,
- Acceptance Level 3;
2. Statistics preparation;

XFEL Cavity ‘ 3. Generation of decisions.

Data Base

1)
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——L RF Measurements for Quality Assurance During SC Cavity Mass Production

European || R€AlIZatioN:
XFEL | Database analysis (Acceptance Level 1)

Analyzed Parameters:

m Components: frequency, length, rest trimming, asymmetry;

m composition of dumb-bells (sorting by frequencies);

L(between reference rings)

welding stability: shrinkage and deformation

L (between connectingflanges)

A

estimation of final cavity length.

SRE Control after eauator we
= o
E Marked: 19 | | Details: | Cavity part Result Statistics (19) ] 8’
iti e
Cavities | 544 [~] . - Length [mm] according XFEL14 MAX deviation Shrink Deformati 0]
) requen i - - - rinkage ormation ;
| = cavoosas Cav After 1 T Material 2
Tty [MHz] After welding er ;"';'9 peviation f|| S | Asym. 4 | [mmi] [MHz] Z
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|7 CAVD0553 = I To1185_to1223 [ 1294 695 [ 11532 [ ooz I 1206 H
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¥ CAVDD559 Cavity after welding laimum 12 8
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European

Analyzed Parameters:

pi-mode frequency,
field flatness (FF),

Realization:
XFEL | Database analysis (Acceptance Level 2)

L(between reference rings)

cavity length,

L (between connectingflanges)

cavity cells eccentricity.

'8 Cavity measurement on tuning machine at E. Zanon in CTM - station 17
Cavity: CAVI0543 Date: 15.Apr.2013 08:48

Field Flatness [%]: 96.82

78 XFEL Cavity Eccentricity: Reconstruction of axis |

Cavity: CAYV00543

RF Measurements for Quality Assurance During SC Cavity Mass Production

Date: 05.Apr.2013 16:12

avity length [mm]. 1058.5

A-End B-End
1Pif 2Pif 3IPif Pif 5Pif 6P/ TP 8Pig Pi ConnFlange Celll  Cell2  Celld  Cell4 Cell5 Cell6  Cel7  Cell8  Celld Conn.Flange
1272655 |1274.787 (1278178 | 1282307 1286578 | 1290804 [ 1284 355 1296 545 [ 12a7 333 offset [mml:[ 0oso | ooro | o410 | 0470 | 0440 | ooso | odo0 | oosn | o080 | 0090 | 0.040
R . TAHK_10 Angledegl:| 235 | 45 | s | a0 [ a8 | s [ am | 1w | s | 280 | 332
emar = X-projection [mm}: | ooz | o047 [ oosr [ oqos [ oose | ooos | ooes | oors [ ooso [ ome [ ooEs
Tuning Results l v-projection fmm): [ 0043 [ oos2 [ oo [ o430 [ odo4 | ooss [ ome [ omd [ woom [ -oosa [ -oma
Cavity Type 1L Remark: RB_10
[ DES'Y TANK_10 ] Center Offsets uction of Axis G
Atmospheric Pressure [mbar] 0.9
o000 Max. Deviation [rmm] 1T =
Air Humidity [%] 0.5 dR @ Cell § ot
43.30 . 0.096
Room Temperature [°C] @ 0.7 0.6
2180 E 1 A-End
S 0.6 Connecting Flange 04T =T © A-End
Select Mode £ | / 0 Celll
5 054 4% @ A (mmi - 02f o Cell 2
] B /
] E +% ¢ Cell3
E 0118 E e |
Horm. £ pad 8 o J[ a0° o Cell 4
Amplitude 5 dY @ A [mm] 3 a CellS
= am ] -0.214 ¢ Cell6
1.000 e 0473
. o Cell 7
0.988 —0.4+ — o Cell8
0.984 0.2 BB o Cellg
— Connecting Flange ol . B_EEnd
0.953 0.1 dX @ B [mm]
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0.550 ! - - - - - - - - :
Gl D[] C1 08 -0.6 0.4 0.2 0 0.2 04 06 08
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Realization:

European

Analyzed Parameters:

“gRF Control after Acceptance Level 3

RF Measurements for Quality Assurance During SC Cavity Mass Production

XFEL | Database analysis (Acceptance Level 3)

= transmission between high-Q and probe
antennas,

= pi-mode frequency,

= fundamental mode spectrum deviation
(MSE).

"2}! Spectrum measurement under warm conditions at E. Zanon in NWWA - station 50

] -
Cavities | [~] Frequency (Pi) [MHz] - ission |SPEctrum [l ot lopmp | R
Cavity e = - deviation y : eccentricity | Warning
I~ cavooszs Deviation inHT with vac [dB] (in HT) [mm]
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I~ cawvoos2g = =
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C — S ST ST ST '
Accept Print Close

Cavity: CAV00543 Date: 29.Apr.2013 14:01 Transmission [dB] 124
1Pin 2Pin IPi aPiny 5Pif 6PiN i 8Pi Pi
[1272.950 [1275.074 [1278.470 [1282.599 [ 1228987 [1291.198 1294844 [1298.940 [1297 880
Remark: Final spectrum, for Pi-mode reference value must be (1297.75 +/- 0.1) MHz
|2 Spectrum 1 compure Spectrum |
Chuiv:e e UE T 08.May.2013 - Spectrum (warm) @ DESY [ Hall3_P2_1672 prep
Spectrums to compare 2.0E-5F
12725 :;U pirg SP122(7R2e9f:a;eme) B e
- ! - 156-5]
1275074 |2pi [1275.070 136-51
1276470 3P [1278.463 LOE-5|
1252599 4Pl [1282.597 7.5E-61
1286 967 sPim [ 1286 961 g S-0E-6
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——L RF Measurements for Quality Assurance During SC Cavity Mass Production

European Realizaticn:
XFEL | Database analysis (automatic)

. x : = N— Za |
2o, = | makes: 34 | B B Details:  Covity parts Prit | ouit
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RF Measurements for Quality Assurance During SC Cavity Mass Production

Results & Statistics:

European

XFEL | Adjustment of main parameters — length and frequency

Based on statistics of mass production and cryo tests, some reference
values from specification XFEL/ A-D (table TC13) had to be changed;

High production rate increases delay of feed back improvement.

1063 -
E 1299.9
T 1062 % measured at Rl — Measurements in Modules XM-1 - XM13 o
E 10601 (104 Cavities from Rl and E.ZANON) ’
< 1060 © ;
o > | |
g 1059 & " *se :
> 1058 - ! s
g i 1299.8 | | . -
& 1057 - | ¢+ . * o0 1
© 1056 - According : > 3 ’0 * :
1055 - XFEL/ (A - D) specy ’ ‘ Cals i
— — — — = — — — | e Il |
o = a Q < a 4 ~ P . I
Cavity fromRI I S V% & I i
S 1299.7 TS .
1299.9 - PR |
— r o /,"$:§ $ &’,’ |
2 : . ® o W% :
S 12998 s s v s ¢ s
';' L K 0’; o 0 o° ° - [ .. % %e 8 : .O. L : ’/’ :
x . L. Q:.'::' o o ..~ ...‘.'.."“0‘&: . .'.?.f" ) .
@ 12097 e AT LA L ‘? . -.':-‘;_',‘3 1299.6 : L. !
z Daee oV T et Al et oW TRy e A i
B g SoES ot " : : oo |
3 12996 — I According I
2 s, : XFEL/ (A - D) spec. :
1299.5 L ] ‘ | ‘ |
T % 8 § g 1 &8 1299.5 - ! | i :
Cavity fromRI 1297.5 1297.6 1297.7 1297.8 1297.9
Statistics for E.Zanon cavities is very similar. Fpi @ room temperature [MHz]
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RF Measurements for Quality Assurance During SC Cavity Mass Production

Results & Statistics:

European

XFEL | Improvement of HOM suppression for TM011

1.0E+6

research
. . instruments

Q(TM011_9)

cavities from RI

Practical aspects to be published

LINAC 2014 [THPP022]: Efficiency of HOM extraction in the European XFEL linac
SRF 2015 [THPBO068]:Practical aspects of HOM suppression improvement for TM011

1.0E+6
) E-ZAN“"
Hl @ ' damping correction
3 IR e S e B
S 1.0E+5 ¢ = — —
E o " * o o ** ..:'..o‘ . e ® o o o ® P -
L S"’F e o . o & om ° e® .o .® . *® . % ¢
d L) . . ] .... L 'i ‘ ..' . = ...'—. -. ) *
e oo : e« & © o o o e ® o %
o ® ] : . ) ° ™ [ o [] o %*
..'00 : ° . . . .
L]
1.0E+4 - .
L I B T I e B IO T T O T A B O TR e O O e T O O O O O O TR Y o O B O O A e T Y O B e B T O B IO O O o |
AN SN ONOODO A NMSNONOWNMONOANMSTL ONONOGODOANMSTLWM ONLWOGOO A
A A A A A A AN AN AN NN NN N NN NN NN <t <t
cavities from E.Zanon
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RF Measurements for Quality Assurance During SC Cavity Mass Production

Results & Statistics:

European

XFEL | HOM coupler notch filter (in Modules)

SRF 2015 [THPB067]:HOM coupler notch filter tuning for the European XFEL cavities

HOM Coupler Notch Filter Tuning
for the European XFEL Cavities.

) European

XFEL

r Abstra ct
fil l

Control Measurements

Average ratio P(HOM1 + HOMZ2) / P(probe)
for 8 cavities in module

=
o

Figu 1. HOM CoupIeTE of tne SuTgesn SFELCIED

Algorithm
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=
I R ,
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European

XFEL | Resume

Production of more than 800 cavities for the European
XFEL project is almost finished.

Automation of RF measurements for Quality Assurance
allows fabrication and control in average 8 cavities/week.

Adjustment of cavity parameters is quite inertial,
because of high mass production rate.
But it really works!

The Quality Assurance for the European XFEL cavities
was possible only due to close collaboration between
industry, DESY and the research institutes from France,
Italy and Poland !
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XFEL | More information in Posters

[THPBO023]: The statistics of industrial XFEL cavities fabrication at E.ZANON

[THPBO031]: Operation experience with half cell measurement machine & cavity
tuning machine in 3 years of the European XFEL cavity series production

[THPBO066]: RF analysis of equator welding stability for the European XFEL cavities
[THPBO067]: HOM coupler notch filter tuning for the European XFEL cavities

[THPBO068]: Practical aspects of HOM suppression improvement for TMO011

Thank you all for attentlon
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