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Introduction:
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Introduction:

Linac of 101 Cryomodules, equiped with 8 couplers each  Need of 808 Couplers 1,3 GHz.
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Introduction:

800 power couplers 1.3 GHz are needed to equip 100 XFEL cryomodules.

XFEL couplers are produced by 2 suppliers at 3 production sites:

 Consortium Thales-RI (Thonon les bains-France and Koln-Germany): 670 units.

 CPI (Beverly-Massachusetts-USA): 150 units.

Supported by DESY, LAL-Orsay has in charge: 

 The production monitoring and the quality control at Thales-RI sites.

 The RF conditioning of all the couplers at Orsay and the weekly delivery of 8 

couplers/week to IRFU-CEA (increased rate to 10 couplers/Week since January 2015) .     
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Introduction:

Challenges:

 First experience in industrial monitoring at a such big scale,

 Successful know-how transfer to company: The clean room process & acceptance 

criteria,

 Rescaling the RF process at LAL to ensure the conditioning of 8 couplers per week,

 Respect of the overall project schedule.



Issues faced during the XFEL mass production

Walid KAABI-LAL/Orsay 3rd WWFPC Meeting- CERN, June 27th 2017

7

@ Thales-Thonon les bains production site:

 Step 1: Brazing of the inner and outer conductors: 

 Step 2: Copper plating of the inner surfaces:

Fabrication process:
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Inspection & control of all the produced parts at Thales-Thonon site.

Double check during the reception at RI site under the same inspection criteria.

Cold conductor

Warm Conductor

Fabrication process:
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Examples of observed copper defects:

 Qualitative & quantitative acceptance criteria definition: defects classified per 

types, dimensions et number. Agreement on corrective actions and validation tests. 

Copper peel off

XFEL RF power coupler parts copper coating defects.             Denis Kostin, MHF-SL, DESY. 14.03.20146/14

2.2. Bubbles on the coated surface

Blister

X 20

XFEL RF power coupler parts copper coating defects.             Denis Kostin, MHF-SL, DESY. 14.03.201410/14

4. Pitting – many very small spots

Pitting

X 30

XFEL RF power coupler parts copper coating defects.             Denis Kostin, MHF-SL, DESY. 14.03.20149/14

3.3 Circular spots on the bellow inside-upper parts

X 22

Circular spots

XFEL RF power coupler parts copper coating defects.             Denis Kostin, MHF-SL, DESY. 14.03.201412/14

6. Copper particles on the surface

Copper particle

Fabrication process:
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Copper thickness distribution in cold conductor (specif. 10μm ± 20% cylindrical parts 

& 10μm ± 30% in bellows relaxed to 10μm ± 50% ): 

Fabrication process:
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RRR measuremets (Specif. 10<RRR<80)

Fabrication process:
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@ RI production site:

RF Coupler Production and Accelerator Module Assembly 
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5.3. Warm Part Assemblies with Push Rods 

5.3.1. Parts cleaning in the ISO6-Room 

Before any installation is to ensure that the components are ready in the specified quantities 
and in accordance with the assignment list, if any, were associated with the FPP. 
 
The two warm part assemblies and push rods (including CuBe springs) are set into the 
prepared tank, as described above. It is important to make sure that all the air comes out of 
the components by moving when inserting. The parts may not touch and must be rotated 
from time to time in order to eliminate air pockets being formed. 
 

 
 

After degreasing, the parts are individually cleaned under ultra-pure water until the resistivity 
reached 14 MOhms. It should proceed as follows: 
 

· Coarse Rinse to remove soap residue as soon as possible, recognizable by the 
decrease in the foaming 

· Multiple flushing of all surfaces and bores of all sides and angles until the resistivity 
reached, occasionally back and forth moving part in order to achieve a better rinsing 

· With bellows, make sure that all areas are rinsed at least 6x, as this area has a very 
complex surface 
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5.2.4. Test Frame assembly 

The parts of the test frames are blown off and assembled. When mounting the mounting bolt, 
it is expedient to make the test frame on the head and then screw the bolt together with 
spacers. When mounting the roller, make sure to put enough so the wing nut that the role is 
not blocked. 
 

  
 

Subsequently, the Cold Part assemblies are placed and screwed into the test frame, taking 
care not to touch the ceramics. 
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5.1. Preparing of the mounting kit 

Before any installation is to ensure that the following components are present in the specified 
quantity. The components are put together before the start of operations in accordance with 
the following parts lists (in accordance with Annex), which are also in plasticized form in the 
clean room: 
 

· Cold Part Assemblies mounting kit 

· Test Frame mounting kit 

· Test Wave Guide mounting kit 

· Warm Part Assemblies mounting kit 

· Movement / function test mounting kit 
 
1 mounting kit includes parts for 1 coupler pair, 2 couplers. 
 
Generally, the main components are provided individually for each installation from the 
warehouse or the nitrogen cabinets. The small parts and standard parts such as gaskets and 
bolts are normally kept in the clean room. 

5.2. Cold Part Assemblies with Test Wave Guide und Test Frame 

5.2.1. Parts cleaning in ISO6-Room 

Before any installation is to ensure that the components are ready in the specified number of 
units and were assigned according to the assignment list. 
 Attention: the valve must NOT be cleaned with water! 
 
First, the bellow clamps be dismantled from the two Cold Part Assemblies. Then the Cold 
Part Assemblies and the Test Wave Guide are to be put in the tank, as described in previous 
chapter. It is important to make sure that all the air from the components come out upon 
insertion by moving. The parts may not touch and must be rotated from time to time in order 
to eliminate air pockets being formed. 
 

 
 

After degreasing, the parts are individually cleaned under ultra-pure water until the resistance 
value reached 14 MOhm. It should proceed as follows: 
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Particles counting on Test Wave Guide (with measurement protocol):
 

· The threaded rods are mounted on the test waveguide.

· For particle counting the test waveguide must be placed on the side (as shown in the 
pictures). 
 

    

 
 

· The particle counting is carried out as 
should not be touched with the nitrogen gun, even with the particle counter test 
waveguide. It must be repeatedly blown from all directions through each opening, see 
test report page 4. 
 

Particles counting on Cold Part Assemblies (with measurement protocol):
 

· For particle counting the bellow clamps must be mounted on the Cold Part 
Assemblies again. 

· When cleaning must also are blown off again several times through each opening, 
see test report page 4, the bellows
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Particles counting on Test Wave Guide (with measurement protocol): 

rods are mounted on the test waveguide. 

For particle counting the test waveguide must be placed on the side (as shown in the 

     rotated by 180°:

   

The particle counting is carried out as described above and shown in the pictures. It 
should not be touched with the nitrogen gun, even with the particle counter test 
waveguide. It must be repeatedly blown from all directions through each opening, see 

 

old Part Assemblies (with measurement protocol):

For particle counting the bellow clamps must be mounted on the Cold Part 
 

When cleaning must also are blown off again several times through each opening, 
see test report page 4, the bellows need a special attention. 

  
 
 

nitrogen gun 
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For particle counting the test waveguide must be placed on the side (as shown in the 

rotated by 180°: 

 

described above and shown in the pictures. It 
should not be touched with the nitrogen gun, even with the particle counter test 
waveguide. It must be repeatedly blown from all directions through each opening, see 

old Part Assemblies (with measurement protocol): 

For particle counting the bellow clamps must be mounted on the Cold Part 

When cleaning must also are blown off again several times through each opening, 

 

 

particles counter 
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Particle counting for the Warm Part Assemblies (with measurement document): 
 

· Cleaning here also needs blowing several times through each opening again. The 
bellow needs special attention. 
 

 
 

Push Rod preparation (Springs and PEEK-Axle mounting): 
 

· In preparation for the final assembly of the two push rods must be completed. 

· For this the PEEK-axle is installed on the push rod and carefully, the small cylinder 
pin is inserted. For this, the bellows of the CF25 flange has to be compressed as the 
connection is located below it. 
 

  
 

· For the assembly of the springs they have to be made first. One spring is fully 
straightened, this wire is used later for the fixation of the spring on the push rod. The 
wire is drawn through a spring. 
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Mounting of the Warm Part Assemblies: 
 

· The copper gasket is set on the Cold Part Assembly. 

· The inner conductor screw is inserted fully in the Warm Part Assembly using the 
special long Allen key. 
 

  
 

· The Warm Part Assembly is slowly lowered, the CF40-Flange points to outside. At 
having approximately 4 mm distance between the flanges the inner conductor screw 
is screwed in and tightened. Immediately after the screw is loosed by ¼-turn. 

· By slightly pulling on the Warm Part Assembly it is to be proofed, whether both parts 
are connected. 

· The CF100-Flange is secured with 2 screws tightened by hand only. 

· The inner conductor screw is tightened. 

· Repeat the steps with a second Warm Part Assembly. 

· Parts alignment: The CF40-Ports are outside. 
 

  
 

· 4 e- probes (Electrical Feedthroughs) are mounted using the CF16-gaskets, at the 
moment with 4 screws and hand-tight. 

· The valve assemblies are mounted on the CF40-Ports and secured each with 2 
screws tightened by hand. The valve must point in the same direction the test wave 
guide valve points. 
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5.4.2. Movement / function test with leak test for the coupler pair assembly 

In the coupler assembly the vacuum adapter is mounted between the two warm part 
assemblies and the valve on the test waveguide. The pumping unit is connected to the 
adapter and the entire system is evacuated. It is important to ensure that the component is 
fixed to the table, as otherwise it could be pulled through the tractive power of contracting 
hose from the table. The brass valves are opened. The CF40-Valve on the Test Wave 
Guide is CLOSED! 
 

 
 

Only when a sufficient vacuum (<1x10-5 mbar), is reached, the valve on the test CF40 
waveguide may be opened slowly. The leak tester is started. 
 
For movement / function test one of the actuator assemblies is connected to the controller. 
By pressing a button the actuator moves 2 mm up or down. The starting position is measured 
to be checked again at the end, otherwise the bellow clamps can not be re-mounted. The 
motor is first completely moved 10 mm in one direction, then returns to zero position and 10 
mm in the other direction. The limit switches protect the coupler pair from damage and 
therefore may not be altered or removed. The process is repeated for the second motor 
 

 
 

After the movement / function test with two actuator assemblies all connections are again 
subjected to a helium leak test, wherein it also must be blown under the motors and in the  
Waveguide Box Assemblies. The values are entered in the form on page 6 to the "Leak Test 
of Cold and Warm". An RGA scan is not required. 

  

- TiN coating on ceramics 

- ceramics EB welding of cold & warm parts 

US degreasing of parts  

particle counting  

coupler pair clean room assembly, 

leak and actuator displacement test  

European XFEL Council – 21 February 2014   

Walid Kaabi, LAL Orsay & Hans Weise, DESY 

Coupler Fabrication Process – Research Instr. 

Fabrication process:
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Fabrication process:

RF Conditioning

Delivery to LAL
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Fabrication process:

RF Conditioning
Dossier de 

fabrication des 

pièces

EDMS
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RF conditioning at LAL:
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5.4. Movement / function test with a leak test 

5.4.1. Waveguide Box, Capacitor und Actuator Assemblies mounting 

Before any installation is to ensure that the components are ready in the specified quantities 
and in accordance with the assignment list, if any, were associated with the FPP. 
 
The Waveguide Box Assemblies are not treated with water because otherwise they corrode 
and stop working correctly. They are merely blown off with nitrogen, particles counting is 
omitted here, since these components later is not in a vacuum. During the assembly 
procedure is as follows, where two waveguide box assemblies can be done in parallel: 
 

· Of the waveguide Box Assembly, the lower flanges are disassembled and positioned 
the assembly on the hot part assembly. Only For this the protection of the ceramic 
cap must be removed, the Kapton foil remains in place. Caution: the Waveguide 
box is front heavy and must be supported by a second person 
 

  
 

· The collars are assembled. The Waveguide box must be raised again shortly to 
mount the Pick-Ups. The screws are tightened only slightly, so that the wave guide 
box assembly can be rotated. The second wave guide box assembly is also mounted. 
To align the distance on both sides of the waveguide assemblies box is set equal size 
 

  
 

  

WGBs assembly 
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· Subsequently, the capacitor is inserted into the wave guide box assembly, where one 
may not simply let it fall inside. The capacitor is bolted to the warm part the 
waveguide assembly and waveguide box assembly. 
 

  
 

· For the movement / function test at RI same actuator assemblies are always used, as 
these have been modified for the test mode (smaller axles, all unnecessary cables 
put away). The aluminum coupling ring is pushed over the PEEK-axis and the motor 
inserted gently until the bores of all parts are on a level. Now the M3 screw is inserted 
and screwed. The actuator is secured to the waveguide box assembly with a coupling 
ring. The motors are so arranged that a good access to the M3 screws is guaranteed. 
 

  
 

· After assembling the two motors bellow clamps can be dismantled from the Cold Part 
assemblies. 
 

 
 

  

Capacitors assembly 
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· Subsequently, the capacitor is inserted into the wave guide box assembly, where one 
may not simply let it fall inside. The capacitor is bolted to the warm part the 
waveguide assembly and waveguide box assembly. 
 

  
 

· For the movement / function test at RI same actuator assemblies are always used, as 
these have been modified for the test mode (smaller axles, all unnecessary cables 
put away). The aluminum coupling ring is pushed over the PEEK-axis and the motor 
inserted gently until the bores of all parts are on a level. Now the M3 screw is inserted 
and screwed. The actuator is secured to the waveguide box assembly with a coupling 
ring. The motors are so arranged that a good access to the M3 screws is guaranteed. 
 

  
 

· After assembling the two motors bellow clamps can be dismantled from the Cold Part 
assemblies. 
 

 
 

  

Actuators assembly 
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RF conditioning at LAL:

RF Conditioning

EDMS

Rapport de 

Non-Conformité
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RF conditioning at LAL:

RF Conditioning
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RF conditioning at LAL:

RF Conditioning
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RF conditioning at LAL:

RF Conditioning

Ligne D Ligne C Ligne B Ligne A

PicD
PicC PicA

PicB

PrcD
PrcC PrcB

PrcA

PchC
PchB

PchA

V1A

V3A

V2A

V1B

V3B

V2B

V1C

V3C

V2C

V1D

V3D

V2D

PchD

Arcil1A

Arcil2A

Arcil1B

Arcil2B

Arcil1C

Arcil2C
Arcil2D

Arcil1D
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RF conditioning at LAL:
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RF conditioning at LAL:

Coupler pair disassembly 

& final inspection

Shipment to IRFU-CEA
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RF conditioning at LAL:

EDMS

Rapport de 

Non-Conformité
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RF conditioning at LAL:

Summer 

Break 2014

Summer 

Break 2015

Xmas Break 

2014

Xmas Break 

2015

June 

2016: 

The End!

CPI production ( 142 units):

- Average of 4 couplers/week

Thales-RI production (670 units): 

- 8 couplers/week after ramp-up, 

- Delivery increase to 10 couplers/week for 10 weeks (May 2015-Sept 2015)

24 Coupleurs 

livrés en 2013

-- Nominal delivery rate

-- Real rate
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RF conditioning at LAL:
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Troubles on the track: Dark layer on cold ceramic

Main defect discovered during the final inspection: Dark layer in cold ceramic window
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Dark layer on cold ceramic
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Troubles on the track: Light & arcing in the warm windows

Light intensity limit

Incident power signal

Reflected power signal

Light B1

Light C2
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Troubles on the track: Light & arcing in the warm windows
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Troubles on the track: Light & arcing in the warm windows

Light intensity limit
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Troubles on the track: Light & arcing in the warm windows

Light intensity limit

Light signal after about 30 

hours of conditioning



Issues faced during the XFEL mass production

Walid KAABI-LAL/Orsay 3rd WWFPC Meeting- CERN, June 27th 2017

37
Troubles on the track: Light & arcing in the warm windows

M
o

d
u

le
 X

M
-1

 c
o

u
p

le
rs

 c
o

n
d

it
io

n
in

g
:

L
ig

h
t 
s
ig

n
a

l 
o

n
 s

p
a

rk
 s

e
n

s
o

rs

Denis Kostin, MHF-sl, DESY
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Troubles on the track: Light & arcing in the warm windows

Light intensity limit

Sudden increase of the light intensity causing arc interlock: generally occurs at low power (under 250 kW) at 

the shortest pulse (20us)  impossible to go further: the pair is removed from the test stand.

Incident power signal

Reflected power signal
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Troubles on the track: Light & arcing in the warm windows

Sudden increase of the light intensity 

beyond the limit accompanied by a 

reflected power 
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Troubles on the track: Overheating during RF test 

Denis Kostin, MHF-sl, DESY

XM-1 Coupler 6 70K window overheating
(typical 70K window overheating case)
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Troubles on the track: Overheating during RF test 

Denis Kostin, MHF-sl, DESY

Coupler 70K window overheating due to loose connection

between the WIC and the CP. Cold part must be grinded

and cleaned. The WP must be changed.

Re-conditioning takes long time: cleaning is difficult, no

baking, no US-wash...



Issues faced during the XFEL mass production

Walid KAABI-LAL/Orsay 3rd WWFPC Meeting- CERN, June 27th 2017

42
Troubles on the track: Overheating during RF test 

WPs inspection after observed Overheating in module testes
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Troubles on the track: Overheating during RF test 

Same “white traces” observed after conditioning at LAL, but the 

thermal sensor were not plugged to observe an  overheating  
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Troubles on the track: Overheating during RF test 

High pick-up signal Ie1C2 (near the warm 

window). Increasing during the time.  

Vacuum level at the threshold limit   

Power level blocked around 400 kW for hours 

(limiting vacuum) & even decrease.   

Step 7Step 7

Step 5

White circular spots

Cu lack?



Issues faced during the XFEL mass production

Walid KAABI-LAL/Orsay 3rd WWFPC Meeting- CERN, June 27th 2017

45
Troubles on the track: Other minor issue 

First, we faced difficulties to remove the WP because of the tilted threaded rods, blocked in 

the flange.
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Troubles on the track: Other minor issue 

The 7 rods were then removed with a pliers, with the risk to heart 

the cold ceramic in case of bad handling, and to contaminate the 

parts with metallic particles.  
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Troubles on the track: Other minor issue 

Once the rods removed, we started to rework the tapped holes. However, the quality of the original 

thread was so bad, that the tool was broken inside one hole.   
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Thanks for your attention.


