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XFEL | Outline of the talk

Performance

= Tuning range

= |Lorentz force compensation
= Operationin FLASH

Steps towards industrialisation
= Mechanics

= Motordrive

= Piezo system

Current status

Disclaimer:

= No details on Piezo amplifier or motor driver electronic given
here

= Developments well on-track by LLRF WP and DESY groups
MSK and MCS

30.5.2013, DESY, Hamburg (3% # weLmnoLrz
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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Tuner Scheme

XFEL

in use at FLASH
= Original design by CEA

= Fast piezo detuning
introduced by DESY

Design by M. Maurier and P. Leconte based
of the MACSE tuner design (CEA Saclay)

ALcavi‘r ALar‘ms

30.5.2013, DESY, Hamburg E%E # vevmours
ECFA Workshop, SCRF Session, Lutz Lilie, DESY Lo \
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XFEL | Mechanical tuner: Performance demonstrations
13002 ———F——————————————

Tests of motor with gearbox _ _
Tuning range test 13004 Lo ]

= Test at S1 Global shows
more than 400 kHz tuning

1
—
1

1300

range - i
DESY tests more than ;

= Expected from cavities is
~200 kHz

Hysteresis is low

Endurance tests under 12007 [Tacazios
operating conditions (cold in - |
vacuum)

= More than 20 Million motor
steps corresponding to 20
years of operation

Motors survived even the
Isolation Vacuum crash test Courtesy of KEK

Frequency [MHZz]

—a—(C4/Z2109

1299.6 Lot
0 5 10 15 20
Number of Rotation

30.5.2013, DESY, Harrburg (%) € remore
ECFA Workshop, SCRF Session, Lutz Lilie, DESY — |
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XFELI Piezo system test

Static detuning ~ 1 kHz |

Cavity Z109 Piezo # 1

Demonstration of Lorentz I 1

force detuning o

compensation : i .
"

= 35 MV/m compensated : !
Endurance testing 2°°= ;
u NO prObIemS expected ° o 2‘0 40 60 80 100 120 140 160 180 200

= Even after exposure to "
Helium atmosphere N T T oy e

| Rad|at|on exposure no 400F - ............... ............... ............... ............... ________________ ............... ___________ i
problem

Frequency Shift [Hz]

Permanent Operatlon in EQ(}O_ N ............... ............... ______________ ............... _____________ _
FLASH since 1-2 years 2o N NS
= Not yet fully evaluated in 2

) IR | E— A N LS e A _

terms of endurance
testing

I . S S— — S - - — — _

i i i i i i i i i
30.5.2013, DESY, Hamburg 60&0{] 400 6500 800 1000 1200 1400 1600 1800 2000
ECFA Workshop, SCRF Session, Lutz Lilie, DESY Time [us]
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S1 Global results of Piezo tuner

XFEL

C4/Z2109 C4/2109 (Saclay Tuner) | drivef = 200Hz
29 MV/m 29 MV/m | drive V=

T . R
FB/on, Piezoloff FB/on, Piezo/on ;. dc“w
CMC4 Chd-C-4 l
800 21 : : : [f-eeeeeeeeee it
.ﬁ, f at rise tlme pre-det. ~180Hz . N
GO0 |- : 150 b - s0 oo Wm0
” - 400Hz drlve f= 25 Hz
E : : : E L5 . deVE V _: ‘1 £ ﬂrV 22l =
® ULl .| #drivef =300Hz
x : : : T o ' B B
I S S : . hdrive V.= 106V
200 S R L) S T '
Af~500Hz Af<+£20Hz
00 A0 000 1500 2000 g 500 1000 1500 2000
time firne
236124166 1=2 33791 6 s =i 1.5'33 T
50 : : : ' & : : : '
R TN T I
40 s S Pe 4 pell ann -lz
£ : : 5 ; : 250
= A A 2 m\n";; ' AN ] S 3\[
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10 |f{| SR S 10 ;a} . * ’ = Y
/ : o ! 0
{ / . i ; : :
oL ; a ; : : : =5 50D 1c00 1500 2000
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o f
305.2013, DESY, Harburg C tesy f KEK (53 7 v,
ECFA Workshop, SCRF Session, Lutz Lilie, DESY Ou r eS O o |
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XFELILorentz Force Detunings in Module 6
800
700 —+-Cl1
600 +g§ //

o] o ///
ce /)]
cs //‘ //

100 =

W
o
o

Detuning over Flat-Top [HZ]

0 - \ \ \ \ I I \
0 5 10 15 20 25 30 35 40

Rocco Paparella INFN
Lutz Lile DESY -MPY- 2007

30.5.2013, DESY, Hamburg (3%0) # vevmours
ECFA Workshop, SCRF Session, Lutz Lilie, DESY — |
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700

Compensated Detuning per Cavit

Maximum Lorentz Force detuning compensation results

OPiezo OFF
B Piezo ON

600

al
o
o

400

300

Detuning over the flat-top [Hz]

N
o
o

100

cav 1-35MV/m cav 2 - 31 MV/m cav 3-35MV/m cav 4 - 33 MVIm cav 6 - 20 MV/m cav 7 - 30 MV/m cav 8- 23 MV/m

Rocco Paparella INEN
Lutz Lilje DESY -MPY- 2007

(a0 # weLmnoLrz
Jov/ | ASSOCIATION

30.5.2013, DESY, Hamburg
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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Voltage on Piezo Needed for Compensation

Compensated Detuning vs. Applied Piezo Voltage
half-sine pulse, 2.5 ms width and 0.6 to 0.64 ms advance from RF pulse

700 I
| ¢ CAV3
= = =linear (CAV 3)
600 i
y = 7,594x
R*=0,98
500 P
§ 400 P g
3 e
? 300 ——
3 o .- ’
8 1
200 ‘
¥
100 e
Y
0 10 20 30 40 50 60 100
. . . . Piezo Voltage [V]
* Piezo Voltages within margin
maximum PI piezo voltage of 120 V at room temperature
Could also use bipolar operation, but not needed
30.5.2013, DESY, Hamburg ”E:SE ﬁ”ﬁé?&?ﬂ&

ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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XFEL | Steps towards Industrialisation

Mechanics
Drive unit
Piezo system

30.5.2013, DESY, Hamburg (3% # weLmnoLrz
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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XFEL ] Challenges for industrialisation: Mechanics

Mechanics supplied by CEA

= Adapted to local supplier in France
Cost reduction

Material quality

= Steel with low permeability needed
Therefore

= Prototypes with companies experienced in mass production of
precision machined pieces (for Airbus etc.)

Conclusions

= Several simplifications on the detailed drawings

» Relaxed tolerances to reduce cost for precision machine time
*= Good basis for a successful call for tender

30.5.2013, DESY, Hamburg & eLmoLTz
ECFA Workshop, SCRF Session, Lutz Lilie, DESY e \
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E u ropean Toject ZFEL_WFPO07_AstroFeinwerktechnik
U e a XFEL WFP07 AstroFeinwerktechnik Team
XFEL I I eChanI CS eamFolder Fabrication Documents
Datum 180122
Ersteller Seidel
Herstel llerseriennummer Curmmy
Contract awarded to Astro- und
Zu priifende Dimensionen pazsadl
- - - 5. Zeichnung Stickzahl failed  Bemerkung
F e I nWe rkte C h n I k B e r I I n Spannbiigel1 J0E 8327/ E.OM 1 Los 1[Warserie]
b} Spannbiigel 2 J0E 8327 EO02 1 Los 1[Varserie]
Aufnahme 405 5327 1 E.003 4 - Loz 1[¥orserie)
[} . " Sechskantzchraube mit Kugel 4063327 {E.O04 -FPos. B 2 Los 1[Varserie]
[ M I n O r ad aptl O n Of d raWI n g S Justierschraube 405 2327 1 E.005 2 Los 1[vorserie]
Gielenkbolzen 408 5327 { E.008 1 Loz 1[Vorserie]
Lasche 4068327 { E.007 1 Los 1[Varserie]
Zylinderbolzen 4068327 {E.005 2 Los 1[Varserig]
2 Loz 1[Varserie]

= After initial problems with material e o

smooth production

Spannbiigel 2 2068227 {E.002
Aufnabme 4062227 {E.002

Quality control ==
= Agreement on ,essential’
measures e

* Pre-series completely cross-
checked at DESY

* Piezo fixture incoming check at
Piezo company —
= QC protocols delivered into LH I = B8 ="
DESY EDMS system by company = = & &= |

30.5.2013, DESY, Hamburg (3%0) # vevmours
ECFA Workshop, SCRF Session, Lutz Lilie, DESY — |
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Motor and gear box

Basic idea from CEA: Step motor and harmonic drive

= |nitial tests failed due to insufficient coating
Lubrication under cold vacuum conditions tricky

= DESY in-house development on coatings
Parts purchased via different sources
Integration/Assembly at DESY

= Second motor supplier came into play later than expected
Cold testing possible at vendor

Therefore:

= Training for at least two companies to deliver complete and tested
drive units:

Motor, gear box, thread with nut
Test temperature liquid nitrogen, units under load

= Use prototyping phase

Conclusion

= Both vendors were capable to fulfill XFEL requirements
E.g. Life-Time

30.5.2013, DESY, Hamburg (%) € oot o
ECFA Workshop, SCRF Session, Lutz Lilie, DESY L4 \
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Industrial fabrication of

drive unit

Contract awarded to Harmonic
Drive, Limburg

= Minor adaption of drawings
Quality control

= Agreement on few ,essential’
mechanical measures

= Room temperature and at liquid
N2 temperature tests

Record current when

= Beginning of movement
» Loss of steps

= Total number of steps

= QC protocols delivered into
DESY EDMS system by company

EDMS-ID

Manufacturer's Serial Number

Name

Description

Project XFEL_WP07_HarmonicDrive

Team XFEL_WP07_HarmonicDrive_Team

TeamFold Fabrication Documents

Dime | ifung schreibung Ergebnis
aa |Gesamtl ldnge AE [210,6 +/- 0,1 mm] K
Q2 warmeleitblech [77,3 mm maximal] OK
Qa3 Warmeleitblech [67,3 mm maximal] OK
Q4 Durchmesser [9 -0,005/-0,014 mm] OK
Qs Abstand [14 +/-0,2 mm] 0K
Qs Kabelldnge [450 +/- 20 mm] K
Priifung Ausgangstest Beschreibung Ergi
P1[RT] Datum: ok
P2 [RT] Motor, elektrischer Widerstand [Ohm]: NOK
P3[RT] Motor, Induktivitdt [Henry]: OK

P4 [RT] [200N Sindellast]
TR

Anlaufstrom (Ampere]:
e ieloboicoLo

30.5.2013, DESY, Hamburg
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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XFEL | Challenges for indutrialisation: Piezo system
DESY development with several iterations
= Guaranteeing sufficient pre-load for piezos
= Avoid loose piezos under all operation conditions
Change of pre-tuning of cavities
Assembly ‘hand-crafted’ at DESY
No burn-in tests
= One special case of failure at initial operation suspect
Not fully conclusive data
Therefore:
= Require companiesto
Further improve radiation resistance (ETFE cabling)
Respect vacuum compatibility
assemble piezo systems
= More than buying piezos only
= Use experience of piezo companies for assembly
perform burn—in test
= Room-temperature considered sufficient
* |mplementation in series production

30.5.2013, DESY, Hamburg */§%2\3 # vevmours
ECFA Workshop, SCRF Session, Lutz Lilie, DESY L4 \
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XFEL | Piezo System maf z
Pt
=S S—— 9 S0
Contract awarded to PI, Karlsruhe f
]
= P| Ceramics for Piezo elements

Design improved of drawings

= Avoid local stresses on piezos by optimising the plates
used for pressing the piezo elements

Increases thickness
Definition of surface quality
= Better fixation of the wiring

l "

:

v : .
-

30.5.2013, DESY, Hamburg 'E?%{,i‘ ‘
ECFA Workshop, SCRF Session, Lutz Lilie, DESY .o
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Piezo System

Quality control
= Burn-in test after assembly
DC test

= 100 % of nominal voltage for 2 hours

AC test

= Voltage:100% of nominal piezo voltage
* Pulse length:Sinusoidal Half Wave of

1000 Hz
= Rep rate:
= Number of Cycles:

100 Hz
1 Million

After the tests the following parameters

should be measured
= Capacitance
= Stroke

= Leakage current at nominal voltage

= QC protocols delivered into DESY EDMS

system by company

EDMS-I0 Fiezo System D00000010137389

Used EDMS-ID Piezo Fizture

Number 112025082

Name FTA 206_8327_E_000-%0001
Description

Location Transportation

Project HAFEL_WFO7 Pl

Team AFEL_WFPO7 Pl Team

TeamFolder

Fabrication Documents

Yerbaute Piezoaktuatoren |Batch Mr.
M. 1 12CEPO411461654
Nr. 2 12CEPO41I431633

Speczifikationen Toleranz
K.apazitat 13pF 200
Leckstram bei Mennzpannung Spd MaH.
Auslenkung t.b.d +20%
Priafung Ausgangstest Beschreibung
Pigza 1war Test K apazitt

Leckstrom bei Mennspannung

Auzlenkung
Pieza 1rach Test K apazitdt

Leckstrom bei Mennspannung

Auzlenkung
Pieza 2 vor Test K apazitat

Leckstrom bei Mennspannung

Auslenkung
Piezo 2 nach Test K.apazitat

Leckstram bei Mennspannung

30.5.2013, DESY, Hamburg
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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;er)Eri_ Test Procedures Automation during Module Assembly

Test both motor and piezo installation with an automated
system

= Proposal by INFN
= Avoid polarity problems etc.

Successfully implemented ﬁ e o 5
—'““'L, ﬁ -
— ' Fiezo Amplifier |
J
| i
/

K

spindla

feature

K
ﬁ LVDT

[

D ST

LVDT /O N,
Board g h
[ ‘lll
|
"]

-

\\ Generic PCI IO /f

\H Boartfij/

30.5.2013, DESY, Harrburg (%) € remore
ECFA Workshop, SCRF Session, Lutz Lilie, DESY — |
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XFEL| Procedures

= Verification of current
procedure

Very detailed

E.g. For training
purposes

= Both Piezo and
mechanical system

= Work of INFN with
Module Assembly Team

30.5.2013, DESY, Hamburg
ECFA Workshop, SCRF Session, Lutz Lilie, DESY

HHHHHHHHH




| B XFELWP 07 Cavity Frequency Tuner

European

XFEL | Status of the System Components
Mechanics:
= Series fabrication ongoing.
= Series piezo fixture delivery finished.
Drive unit:
= Documentation reports decided.
= First units have FAT and been delivered to CEA and DESY.
= Ramp up to series rate has been achieved.
Piezo system:
= Continuing tests of permanent FLASH setup.
= Series production of fixtures ongoing.

QC testing during module installation at Saclay (INFN
contribution).

= Series system completed (rack delivery).
Fabrication of all tuner parts ongoing.
Documentation in EDMS continues.

30.5.2013, DESY, Hamburg (3% # weLmnoLrz
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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XFEL | Number of components on 31st of July2013

Piezo systems ~400
Normal tuners
= Tuner mechanics ~ 300

= Motors ~80

Mirrored tuners

= Tuner mechanics ~ 50
= Motors ~12
30.5.2013, DESY, Hamburg ”E:S{ ﬁ”‘iéé“o"c?ﬂ&

ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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Thanks for your attention!

30.5.2013, DESY, Hamburg ”E:S{ 4 ssocmion
ECFA Workshop, SCRF Session, Lutz Lilie, DESY .
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Backup Slides

30.5.2013, DESY, Hamburg 38) F werwnouns
ECFA Workshop, SCRF Session, Lutz Lilie, DESY
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=

— Without piezo compensation
_| ——with piezo compensation

=
(=)
]
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Cavity Probe Phase [deg]
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ECFA Workalfpgﬂjg RESesyipy.Lutz Lile, DESY .
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XFE

600

—without piezo pulse
—with piezo pulse

400

200

Detuning [Hz]
-]

-200

_400

_ i i i i i i i i
BE]EDD 400 600 800 1000 1200 1400 1600 1800 2000
Time [us]
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ECFA Workalfpgﬂjg RESesyipy.Lutz Lile, DESY .



