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Baseline design of AS prototypes for (I 15/06/2017
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RF design Assembly of AS with SiC absorbers

TD26 CC (tapered damped AS with compact
couplers) MANIFOLD
26 cells with damping waveguides
2 compact couplers with damping

7
(@) DAMPING

REGULAR CELLS

OMPACT COUPLER

Engineering design of regular cell

Cell iris shape accuracy (zone A) 0.005 mm
Cell waveguide shape accuracy 0.02 mm
Flatness accuracy 0.001 mm

Cell iris roughness (zone A) Ra 0.025 pm
Cell waveguide roughness Ra 0.1 pm

@80 *0.002
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ENGINEERING !
ULTRA PRECISION QUALITY CONTROL
RF DESIGN DESIGN (3D models,
2D drawings) MACHINING AT FACTORY !
I

T 4

Baseline manufacturing flow 15/06/2017

: 4 qualified suppliers can
e 4 'Manufacture ultraprecision
' discs for AS

/

ASSEMBLY OF
COUPLERS (2 brazing
steps, machining

QUALITY CONTROL
AT CERN (visual,
dimensional, SEM)

CLEANING
(optionally)

PRELIMINARY RF
CHECK

3 qualified suppliers

1
1
1
1
1
1
can do : |
brazing/bonding ! pe—
operations !
1
BRAZING OF |
DIFFUSION BONDING COUPLERS, TUNING S e — FINAL DIMENSIONAL

OF DISC STACK STUDS, COOLING

4 D
INSTALLATION <
BAKING
b g LEAK TIGHTNESS TEST (vacuum 650 RF CTU EICI:NK GAND
( A 3 days) —T8
PACKAGING AND |
SHIPPING =
o )

C] - CERN [: - Companies for UP machining of components E - Companies for brazing/bonding
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Alternative engineering solutions 15/06/2017

CLIC-G* Matching Step CLIC-G* Bend waveguide

.

One half piece (Metal part view)

Iris matc

iw/2 : Waveguide opening/2

Hao zZha Wall profile w/2: Waveguide width/2
HL 32 mm D2 5 mm D2 |5.2mm
L1 31 mm T2 5mm L1 [34mm |T2 |[4.8 mm
L2 2mm Mx 0.75 mm L2 | 2mm Mx | 0.2 mm
D1 0.8 mm Mz 1 mm D1 |1 mm Mz |1 mm
T1 0.6 mm Tx 0mm T1 |1mm Tx |0Omm .

= lo7mm = lomm One quarter of cell (Vacuum part view)
“Rectangular’ disc Halves
ﬂ >

x4 zone B

zone A (=[0-02[A[8lc)

Ra0.1

(x2) zone C
(0-05]A8]c]

-
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In'l'egl'Q'l'ed Version diSC 15/06/2017

8.3192
1S
. g zone A
Aims: = ~[0.005[A[B]C] &
> <
Ra0.025 S I
[am
(4x) zone B - §
~Jo.02[A[B][C] K
[
o
&
Advantages:
+ less components; ©]e0.002]8] ]
7777777777777777 ~ ;‘-\ SHARP_EDGE
©
<
; 4]0.003[AF—{}—[]0.003][B]
Issues / open questions: /7|0.003 < |7]o.003

» Deformation during the

/" Achieved tolerances (measured in clamped position by
a vacuum chuck)

- 7 prototype cells Froduced (VDL and Mecachrome);
- Shape accuracy of 5 pm;

- Flatness of 2 to 5 um;

\_~ Ra0.012 pm.




CLIC G* bent waveguide.
Test assembly

Aims:
» machining feasibility;

Single cell

Cooling tightness

HG 2017

15/06/2017

x4 zone B

[=[0.02]A[B]c]

Zone A
PRECISE i=[0.004[A[B]c] fs0. 1
SURFACE Ra0.025 ’
X2) zone C "- Y
[=[o.05]a[B[C 1
L[o.001[A[B] } B E
O % :
PRECISE 2
SURFACE
8X06.5 H7
[#[00.1]Aa[B]C]

155 0.1

Test set-up
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Structure in halves (previous test) ™

Produced at KERN

Shape accuracy :14 um; se0 2 sps
e HAN
Machining | o, face rouahness: 186 nm Planéité de la face de référence "A
Minium de\nat\on Maxlmum deviation :
Element : Dev. | -X- | [ -z- No. | Dev. | [ -v- [ -z-
PLAN(5) -0.0016] 2.4054 | 7 1174| 24384 21  0.0078] "55 "109| 14,6731 2.4330

LL@%WPIL

002
o MCM
Planéité de la face de référence
! Element : Minium deviation Maximum deviation
’ No. | Dev. |  -x- [  -¥- -Z- No. | Dev. | -x- [ -v- | -Z- 0. 001
Planeite_C 1] -0.0008] -2.4994] 42.7278] -2.9514]  21[  0.0008] -2.5007] 0.0116]  -14.9272
“ 0.00¢
-8
s
mProflI R ISO Sccﬂon [1]
. % SETREEER '
i aanaEnE:
1 g g
i T “hY I
14 g g R EEENE
| - : e SR : ‘
15 0000 2034 [mm] 4067
T s - e 0.500mm/em, x20.000 b
= = . S — Résultat paramétres<<Profil=R_ISO - Section=[1
aratiom 1 LMW r wemin No.i CITAASLLYS Critéres Résultat Critéres Résultat
sl swpsctment: SERE Wel  Ro 0186um RY 1.059um L 000
Rz 0.945um
i o.bid £l .001
Roughness | 8 [=B
. . @\ En-ve £
Sald At’eh V) ENGINEERING MA'um
DEPARTMENT
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Structure in halves (previous test) 15/06/2017

Inlet inspection

RF measurements (showed that the structure was
good even without tuning)

RF Measurement Result of 11WNSHVG1(T18 11G Half) clamped

Jiaru Shi
14-Jun-2011

Abstract

This report plots the RF measurement results of the structure
JTIWNSHVGI1(TIS8 11G Half).

The structure is made in TWO HALVES and clamped together. “Bead-
pull’s are done to check the frequency error of each individual cell, to
compare the result after bonding.

Structure Name: 11WNSHVGI(T18 11G Half)
Measured by:  Jiaru SHI, Andrey OLYUNIN, Hao ZHA
date :  14-Jun-2011
location: CERN
VNA Model: RS ZVA24A
temperature:  21.2°C
Designed frequency at 27/3:  11.424 GHz

Af dueto  vacuum = N3:  —3.31 MHz
22°C = 21.2°C:  +0.15

-2 ETRY: S
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Structure in halves (previous test) 15/06/2017
Metrology after bonding

View of section Iris 2

Half sample number 1 Half sample number 2

— 1 ,‘..\,“.‘. AN
0,048 mm 0,022 mmI i

0,120 mm
0,143 mm
“ ap of 10 to 200 um;

a
[ a shift zetween irises up to 70 um

Issues / open questions:

Half piece number 1 Half piece number 2
z

» alignment method;

I B L A 0,059 mm LS 1

/111111 0,078 mm “
W
| y 0,225 mm
0,190 mm

enuve N
MA”

S

ENGINCERING
DEPARTMENT
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CLIC Half made Damped 15/06/2017

Structure (HDS) - rhed g systemtests

= Current number of pulses for conditioningtime is now in the order of 10-° or around 40 days (at 100Hz).

* Canwe conditionfaster? Does it havean influence on thefinal gradient?

Advantages:
+ less components;
+ less asse

* Conditioningcurves from tests at Pulsed DC System taken with HRR circuit, 16.7 ps pulse lengthsand 60
um gap distances.

« Still mayorchanges need to be confirmed in full scale structures

Gradient vs N. Pulses
90

Gradient [MV/m]

Issues/open questions

N. Catalan Lasheras. HG2017

HG 2017

New Glignmeni i'ool 15/04/2017
=21 -

seltels savenije
van amelsvoart

| = Three confact points;

# o > Fiscron:

Contact line

HG 2017
15/06/2017

RF FLANGE

3 | Results:
Shape accuracy between 5um | | Shape accuracy between 6 um
and 11um | and 20 um

)

COOLING CHANNEL

Preliminary results:
About 40-80 um displacement due 1o a shift between top and bottom
parts [due 1o a big applied force of the clamp during the brazing). 1 1

WAVE G U I D E Anew sel has been already fabricated.

Braze it with a proper force, appied by a spring.

COOLING FITTING




EBW test set-up

Test set-up for EBW is built to check the feasibility of new

joining solution.

WR90 SECTION

Metrology before spot welding
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Metrology after spot welding

Metrology after final welding

@‘ METROLOGIE EN-MME-MM Mé
7 CERTIFICAT DE CONTROLE "

CONCLUSION CONTROLE VISA MME ACCEPTATION CLIENT
[ OK Nom : Nom :
| NonConforme Date : Date -

)

METROLOGIE EN-MME-MM

CERTIFICAT DE CONTROLE
CONCLUSION CONTROLE VISA MME ACCEPTATION CLIENT
OK Nom : Nom -
Non Conforme | Date : Date -

Requérants: PREVER-LOIRI L.

SOLODKO A.

Contrdleur: RIGAUD J.Ph.

numéro plan CLIAAS110467/0469
désignation  EBW_TEST_Q ASSEMBLY
nb de piéces 1
N° EDMS: 1796543
Job.: 13031388
COTES Résultats de mesure
DU PLAN aprés soudage bloc rectangulaire

numéroplan  CLIAAS110467/0469 Requérants: PREVER-LOIRI L.
désignation  EBW_TEST_Q ASSEMBLY SOLODKO A.
nbde piéces 1
N° EDMS: 1796543 Contréleur: RIGAUD J.Ph.
Job.: 3031388 page 2/4
COTES Résultats de mesure localisatio.
DU PLAN plan
L —
A Y+
7+
)
- L X
[ — >
N
24,943
24.933 > 24.954
> 24.930 [ G
L A o, S L
— <

25.012 25.025

69.993
69.983

page 273
T

\ METROLOGIE EN-MME-MM
s,

CERTIFICAT DE CONTROLE

VISA MME ACCEPTATION CLIENT
OK Nom - [Nom
[ Non Conforme | Date : Date :
numiropian  CLIAAS110467/0463 Requérants: PREVER-LOIRIL.
disignaton  EBW_TEST_Q ASSEMBLY SOLODKO A
rb depitces 1
N° EDMS: 1796543 Controieur: RIGAUD JPh.
Job- 13031388
COTES
DU PLAN

Iplan .

L X+




Vacuum brazing

- Two structure have been built at PSI;

- T24_PSI N1 is already under test in the Xbox-3;

- T24_PSI N2 is waiting for the bead -pull.

Brazed T24 structure

SwissFEL assembly procedure

N. Catalan Lasheras, HG20|

20177024, SiC,T24_Ps| ¥

Advantages:
+ no tuning;

ks |
*  Running above 100M¥/mand 140ns. Very fast conditioning. Already reached
113 MV/m at shorter pulse. At the limit of the Xbox3 capacity

15/06/2017

Bonded T24 structure
CERN assembly procedure

) (i Ii:j; y

Conditioning of the line in parallel to the structure. Breakdown seen in pulse
compressor
Pulse compressor detunes too much at 400 Hz. Working at low rep-rate
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Feedback to the module ‘ 15/06/2017

For the first superstructure two structures were assembled and at the final assembly

- messy and complex;

- alignment between AS;

- one additional heating cycle;
expensive.

NEW DEVELOPMENT
To do diffusion bonding of the discs for two accelerating
structures in one step (length is ~500 mm).

Diffusion bonding of
all discs

&)

TTTETInN

I

+ less components;
+ less assembly steps;
+ more accurate assembly.




Bonding of 500 mm disc stack

Informations relatives au référentiel de mesure

BEFORE

INCLINATION OF OVEN FLOOR

Cercle bas AOO - 1

[MNDEMAL ]

Construction du référentiel de base:

- Orientation primaire: Droite passant par le Cercle bas A0O - 1 et le Cercle haut A27 - 2
- Orientation secondaire:  /
-Origine: X =Droite passant par le Cercle bas A00 - 1 et le Cercle haut A27- 2
Y =Droite passant par le Cercle bas A00 - 1 et le Cercle haut A27-2
Z=Point Z0

468. 0426 =1
538 IPFERPFENDIC-835]
Perpendicularite
| [17.68, 8.20, 450.9001
’ 1. 1457 tmml

89. 8546 6]
0. 0125 1m1

[NORNAL 1 GZ-O0-2016 15:28

4638, 04221w] [

Aarfichage rectitude
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X direction
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Banana-issue of a disc stack 15/06/2017

AS: results (Case 1 and Case 2) I Effects of load offset and incline surface on AS
Shape deformation of AS Shape deformation of AS in difoSion bonding was SimUIated W|th FEM
middle axis Case 1 middle axis Case 2 . .
b i T s In total 6 cases with different offset or
35 um 350 um inclination angle setup were analyzed.
- " - Based on this study, offset in load positioning
I M is transferred linearly to bending (~7%) and
R f "‘-a._,__t_bﬂo TR f deflection (~1-2%) of the AS. Similar
NN e B NN conclusion applies for incline surface.
The effect of these two mechanisms sums up
T st fomamis () Distncefomzads(m) I linearly.
AS: results summary
Both mechanisms should be taken into
- _ | eedeceteconass ncionofofe account but load offset seems be more
Case Of‘fs:etc;fthe Incllna|t|on conli I:Endlngof Iiiﬂect.l‘;)glln = .
oa angle ooling € upper e middle i Y=0014x-¢
! (um) €) endum)  (um) {2 critical.
500 0 Fast 35 7 u . . .
5000 0 Fast 350 70 L Furnace W\.Chl’\atlon measurement

500
0
5 0
ESTIMATE
6

Middle deflection as a function of inclination

0 Slow 33 7

1
2
3
4

Antti Moilanen
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AS DISC AS DISC STACK BONDING AS ASSEMBLY

Acceptance Acceptance
at CERN at CERN

Cooling block

Disc stack

T

Cell shape accuracy - 0.004 mm Al nm ent
Liatness - 0.001 mm REQUIREMENTS: - Special tooling
Surface roughness - Ra 0.025 . Clean environment
] \ J

o Y
Commercial suppliers: suppliers:
) . . ppliers:

ﬁngﬁliﬂﬁg C{Sﬂg?&fsﬂ}oﬁz (DE), - 3 qualified companies for brazing/bonding

VDL (NL), Yvon Boyer (FR)); operations, supervision by CERN (Bodycote (FR),
- Single-crystal diamond tool TMD (UK), Reuter (DE): two T24 under assembly);

required. - Collaborators.
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X-band load

Two Beam Module in CLEX
il li ="
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Additive manufacturing (AM)
» Different companies » Advantages:
> Different applications: > Highly complex geometry;
> Waveguides: > No solderir.\g/brozing operations;
> Electrodes: > Less m.o’rerlol; .
» Compact loads » Short time - fast prototyping;
> Spiral load »  Without any tooling;
> Compact load > Good mechanical properties.

> Different materials:

> Ti6Al4V eope . L
> SIS 316 LN » Difficulties and restrictions:
> AlSiTOMg » Noft standard mechanical design solutions;

» Supporting structure;

. » Design limitations (@ holes, wall thickness,
> Requn’emehTSI angle efc.);

» DC conductivity; >
> UHV compatibility: leak tightness >
and outgassing; >

» Shape accuracy and roughness; >
1gth. ‘ :

Not controlled distortion;

Surface quality: min Ra 1.6;
Accuracy: no better than £0.1 mm;
Expensive.
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WOI‘kﬂOW 15/06/2017

Deloltte ' SCAN/DESIGN + ANALYZE ‘ BUILD + MONITOR ¢ TEST + VALIDATE ‘ DELIVER + MANAGE
University
Press
Quality assurance + part validation/verification information flow
Digital twin —— ~ . Part fabrication
established - R
(runs parallel to DTAM) created & o o pait
] 4 [ "al
~ o % f - & end-of-life
Design+ —— N
scan g g 2 >

Product
inception: ) &
DTAM begins Traditional

Per-part

analysis .
post-processing
and finishing

Continuous improvement information flow



1t PROTOTYPE

Cyomp‘act load

P 1st PROTOTYPE
L ™ » Concepft Laser
0 0 > Ti6AI4V

> TESTS (TibAl4V)

» RF measurements

» Meftrology

» Cutting by EDM

» Meftrology
279 PROTOTYPE
» 3T RPD - British company
>  TibAl4V

» TESTS
> Leak test — not tight
» RF measurements
» Tomography

39 and 4th PROTOTYPES

3@ and 4 PROTOTYPEJ > CERN
2, ) e e S ] > Ti6AI4V

T . -, =
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FABRICATION

Spiral RF load geme
o HFSS o CATIA
RF DESIGN

o BUILT St$t

Nominal-Actual Comparison
Messtec with local BestFit on Zone C
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Spiral RF load

1st PROTOTYPE

» INITIAL - French company
» SS316L

» TESTS

» RF measurements
» Cutting by EDM
» RF measurements after cutting

2nd PROTOTYPE
» 3T RPD - British company
> Ti6AlI4V (under test in Xbox 3)

» TESTS
» Leak test
RF measurements
Machining of flange interfaces
Leak test
RF measurement
» Installation in Xbox 3

3 PROTOTYPE
» CERN
> Ti6Al4V (under test in Xbox 3)

Leak test

RF measurements
Machining of flange interfaces
Leak test

RF measurement
Installation in Xbox 3

34 PROTOTYPE

YV V V V

YVVVYYVYY
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PRINTED

Test samples (large elecirodes) for
Fixed Gap System '
1t PROTOTYPE
» Protoshape - German company

> TibAI4V
> Printed 2 re-machined

2nd PROTOTYPE

. RE-MACHINED

- -A & (7;7 ‘H
» Protoshape — German company

> Ti6AI4V “ \,‘/ Q\mw'

> Printed = not treated e

> TESTS F 1st prototypes
» DC test in Fixed Gap System (FGS) ) P
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WR90 WG fi"'er 15/06/2017

1t PROTOTYPE

» 3T RPD - British company
> AlSiTOMg

» RF measurements

2"d PROTOTYPE

» SWISSto12 — Swiss company
» Polymer with 5 um Cu plating
» RF measurements

CERN WR90 Device - Polymer version

39 PROTOTYPE

» SWISSto12 — Swiss company

> AlSiTOMg with 5 um Cu plating
» Under production




EDS Analysis

3T sample ConceptLaser sample

The base material for the printing of the waveguide is Ti6Al4V
* Presence of Cu was detected, as well as Zn
* More pollution elements were found on the surface of the
ConceptlLaser waveguide

Date 6 Dec 2015
Mag= 200X
Enrique Rodriguez Castro

ConceptlLaser sample

Few breakdowns craters could be
found

3T sample

d powder spheres are visible

3T sample

On one half, it is visible the “print lines”
due to a better melting of the powders.

Enrique Rodriguez Castro

HG 2017
15/06/2017
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Conclusion

1. We are trying to introduce in fabrication:
« Alternative engineering solutions;
« Alternative joining methods;
« Different assembly sequence.

2. New engineering design of an accelerating structure in rectangular
“discs” and an accelerating structure in halves is under way with

accompanying tests.

3. Close collaboration with industrial companies for:

 New technologies;
« Getting of feedback on mechanical design and assembly

sequence;
 Manufacturing and assembly of components and accelerating

structures.







