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Outline:
* CLIC & its requirements

* RF structure manufacturing & assembly

* RF structures in operation: thermo-
mechanical modeling of CLIC module
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3) Use wakefield monitors 2) Beam-based 1) Pre-align BPMs+Q
accuracy O(3.5um) alignment accuracy O(10um)

Starting point pre-alignment must be um precise:

* precise manifacturing & assembly of RF structures
» precise alignment of RF structures & CLIC modules
» stability of RF structure during operation

courtesy of D. Schulte e
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ACCELERATING STRUCTURES (AS)

REQUIREMENTS
+ COAXILITY ERROR: < 10 ym
» ALIGNMENT ERROR BTWN MANIFOLDS & DISKS STACK: £10 ym

main assembly technologies:
diffusion bonding (H,),
brazing (H,) & electron
beam welding (EBW)

Wakefield i« o
monitor

Vacuum
RF flange and flange
waveguide
Interconnection Damping load
bellow Manifold

Cooling
circuit

500 mm

CLIC RF structures
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POWER EXTRACTION AND
TRANSFER STRUCTURES (PETS)

REQUIREMENTS
+ COAXILITY ERROR: < 25 ym

courtesy of CLIC RF structure production team
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AS disks PETS quadrants

- Cu OFE UNS C10100 - Cu OFE UNS C10100

- Shape accuracy £ 2.5 um (iris) - Shape accuracy £ 7.5 um
- Flatness accuracy £ 10 um - Roughness Ra 0.1 um

- Roughness Ra 0.025 um (iris) - 8 octants diffusion bonded
- @80 mm - Length 300-1000 mm

- 30 disks diffusion bonded

- Length 250 mm

Milling
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AS example:
TD26_CC_SiC

2nd step: assembly

(1)

MACHINING

courtesy of F. Rossi

~

(5)
H, BRAZING

(Au/Cu 25/75, 1040 °C)

(6)

ﬁ.‘”!"!‘

()

QUALITY CONTROL

SEM

PwOnNPRE

Inletinspection
Dimensional control

Preliminary RF tests
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(3)

CLEANING

1. Etchingwith SLAC solution
2. Degreasing+ deoxidation + passivation

(4)
H, DIFFUSION BONDING

(1040 °C)

1. Disks stack (x2)

MACHINING

1. W

,

T

(7)

CLEANING

1. Degreasing+ deoxidation

+ passivation

H, BRAZING

(Au/Cu 35/65, 1020 °C)

1. 4vacuum manifolds + 1 disks stack + 1 interconn
flange + 8 steel inserts + tuning studs (x2)

q:il's :l:it

(12)
EBW

vacuum fla

\

1. Coversand| g,

(13) (14) (15) -
QUALITY CONTROL
RF CHECK AND VACU:JM BAKING CONDITIONING
1. Vacuumtest TUNING (650 °C, 10 days)

(10)
QUALITY CONTROL

1. Vacuumtest
2. Coolingcircuit test

(Au/Cu 25/75, 1040 °(

1. Vacuum manifolds (x6)

(8)
H, BRAZING

(12)
H, BRAZING
(Au/Cu 50/50, 980 °C)

1.2 accelerating structures
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MACROSCOPIC
DEFORMATIONS

MICROSCOPIC
DEFORMATIONS

LUALLLLLLLLL®

=

L 1 VARIABLES
* Pressure, temperature,
VARIABLES time geometry (roughness
» Load, time, temperature & flatness), cleaning

« experimental tests indicate visco-plastic behaviour, creep (T/T . = 0.96)
» on flat geometries experimental tests, analytic calculations & transient
finite element with creep included seems to agree

* next: transient simulation of more complex geometries = AS disk stack
« future: characterisation of creep behaviour of Cu near melting point

@ courtesy of F. Rossi 7 EUCARD
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Last step: stability in operation v*
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ACC.STRUCTURE COOLING COMPACT VACUUM vMB
VACUUM (BRAZED DISKS) CIRCUIT LOAD ION PUMP QUAD STABILIZATION

MANIFOLDS UNIT

thermal power
MB during operation
~1A ~7 kW/module

REF.

SPHERE \ ;5 ey e J ) & o DB
LSIE L 8 IS G 100 A

Wy

CRADLE

CDR CLIC two-beam
module configuration

(type 1)

GIRDER

ALIGNMENT PETS PETS ON-OFF
SYSTEM DB QUADRUPOLE VAC. RESERVOIR  PETS SUPPORT MECHANISM

courtesy of A. Samoshkin
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3 module types simulated:

- CLIC module type 0 (4 AS, no MB Q),

- CLIC module type 1 (3 AS, 1 AS replaced by a MB Q)

- prototype module type 0 (tested in lab without beam in 2012)
= used in near future for validating thermo-mechanical model

» geometry of main components simplified & implemented in ANSYS

* shell (solid) elements for modelling thin-walled structures (other structures)

 a 3D thermo-fluid dynamics analysis simulating integrated cooling system =
derive temperature distribution = input for simulation of structural response

v @ o @
type 0 [ s type 1 & s
cv ’ Ccv i
4{5‘%7 Super-AS Loads %%— Super-AS Loads

T
cv cv

CLIC module ASilnan B I EA

1
;

Super-AS Loads ?

g g = 2
cooling scheme % 2 [ : % L] e ] :
N B e
cv CP cv (P
K o waveguides K waveauides

CV = control valve cvV =

ontrof \
T = temperature sensor

Tlmpt

* linear actuators & bellows simulated using equivalent stlffness elements
- N linear elastic behaviour of material assumed 7 EUCARD




Thermal and mechanical loads ‘*
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=  Maximum temperature variation of 5°C
for mock-up magnet considered (current
reference value) — Courtesy of A. Bartalesi

Item Description Value

Input flow MB  mass flow Unloaded 68.6 kg/h

Input flow MB  mass flow Loaded 56.2 kg/h _ 820 W

Input flow DB mass flow 374k .
Wzter mput temperature 25°C . (CO rreSpOnd Ing
HTC MB convection to water 5079 W/(mz_K) to un Ioad ed
HTC DB convection to water 1407 W/(m*-K) ope ration )
HTC Air convection air 4 W/(m*K)
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Boundary conditions

Seperate supporting/alienment
system

Current TMM notifies only the
verticallateral stiffness of the
MB Q (many thanks to Kurt
for giving the very preliminary
vahies)

Only the bellow is linked
between the module and MB Q

. Sliding Support

prototype module type 0 ‘ .l.: Fixed Supports CLIC module type 1

¢ Bellows

courtesy of N. Gazis
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Thermal results
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12147

CLIC module type 1 AS

units, °C B8 LS
42.526 Max
—| 40.164
40,579 39.172
38.18
L 3m612

37188

— 36684
=1 36.19

34,737 35.205
— 3279

I 30.642

— 28895

1. PETS

26,947

25 Min Item Unloaded Loaded
Max temp. of AS 42.5°C  40.7°C |
Max temp. of PETS 34°C 34°C

Water output temp MB  35.0 °C 349 °C
Water output temp DB~ 28.2 °C 28.2°C

| 7 EUCARD
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- Deformation results: RF for AS %
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[ |
3.9817e-5 I 3.1323e-5
7 7408e-5 E 1 t t 300C
CLIC module type 1 §:=- nvironment a
L59%2e-6
— 2.349%e-5
2.2803e-5
-4.4381e-6
—{ L9577e-5
— L429e-3
 -L047de-5
1.56R2e-5
5.7895¢:-6
= -1.651e-5
1.1746e-5
-3.7174e-0
-2.2547e-5
T.8306e-6
— -11224e-5
b -2.8583e-5
3.9152e-6
— -1973Le-5
= -3.461%-5 H . . .
. x-direction y-direction
i

-2.6238e-5
-4.0655¢-5
-3.9157e-6
-3.6745e-5

-4.6692e-5

Item X y z .
Max. def. AS (RF unloaded) 45pum 1.6um 15 pum

Max. def. AS (RF loaded) A0pum 14pm 12 pm
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Deformation results: RF for PETS gl o v

5.3009e-6

uiitj;:;es I CLIC module type 1 Environment at 30°C

— 9.384e-6 2.0602e-6
— 804486
— T.086de-6 2.6375e-6
—{ 6.7435-6
4.7888e-6 L2057e-6
I 5.4423e-6
2.491de-6 { -2.5984e-8 I
4. 1411e-6
— L3363e-7 -L3577e-6
- 2.839%-6
-2.104e-6 -2.6854e-0
1.5388e-6
-4,4015e-6 . . -4.0211e-6 . . . .
x-direction y-direction z-direction
-6.6991e-6 -5.3529e-6
-1.0636e-6

Item X y /4
Max. def. PETS,RF  15um Oum 6 pum
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wiem CLIC module type 1

— -2.9465e-T

— -3.3638e-5

-6.60981e-5

-0.ono1003z2

- -0.00013367

-0.00016701

-0.00020035

Item X

-0.0002337 y

v/
®
Max. def. AS, vacuum  Opum 130pm 4pm I_, X
Max. def. PETS, vacuum 3 pum 54 pum 10 pm
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Resulting temperatures inside CLIC module:

CLIC CLIC prototype

Temperature typel type0 type 0
Max temp. of module [°C] 40.7 40.2 43
Water output temp MB [°C] 34.9 34.9 34.8
Water output temp DB [°C] 28.2 29.8 29.8

Resulting displacements due to different loads:

CLIC CLIC  prototype
Load type type 1 type 0 type 0
AS (RF) [um] 40 50 183
PETS (RF) [um] 16 15 47
AS (vacuum) [um] 130 49 30
PETS (vacuum) [um] 54 10 131
AS (gravity) [um] 23 31 27
PETS (gravity) [um] 36 36 40

UNIVERSITY OF HELSINKI

'CLIC module simulation: summary 3. «ces s

Temperature
change of ~10 °C
(MB) & ~5 °C (DB)

Larger deformation (~180
um vs ~45 um) in prototype
than CLIC module due to
different interconnections

Small displacements (few
um) between RF loaded
& unloaded operation

Vacuum displaces AS &
PETS towards each other

7 EUCARD
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- Precise starting point for CLIC beam-based alignment requires:
* precise machining & assembly of RF structures

* precise alignment of RF structures & CLIC modules

» stability during CLIC operation

- three first point validated experimentally & last using FEM
- model for deformation during bonding process under work

- thermo-mechanical model for CLIC module (including RF
structures) for CLIC operation developed

- to be validated with experimental data from mock-up module
during 2012-13

Aim: able to predict deformations during assembly & operation
precisely = effect included in assembly & alignment

7~ EUCARD
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Multiscale modeling

. Stage 1: Surf. charge, DFT
of breakdown in CLIC — -fs
Stage 2: surface evolution, S
RF structures MD&ED
F. Djurabekova, A. Pohjonen, S. Parviainen, A. Ruzibaev 3:23;:&:;%? " i Il 251?:33{ iﬂﬁ
and K. Nordlund, HIP and Department of Physics, UH N Z
(in collaboration with W. Wuensch and S. Calatroni ) Stage 4: Plasma, PIC ~10s ns
I

Stage 5: Surf. Damage, Arc MD | ~100s ns

CLIC RF structure R&D

A. Merildinen, L. Kortelainen, T. Niinikoski, A. Nummela, K. Osterberg,
J. Véinéla and W. Zhou, HIP & Department of Physics, UH

* high-precision assembly & machining R&D for CLIC RF structures
(in collaboration with VTT & Finnish companies...)

« modeling & study of thermo-mechanical behavior of CLIC module
* industrialisation & cost study for CLIC RF structures

* development of technique for dynamic vacuum measurement (DVM)
& hardness depth profiling of Cu surface using laser-ultrasound

dlb (in collaboration with prof. E. Haeggstrém et al. ) -
within CLIC RF structure development group (W. Wuensch & G. Riddone) 7 EUCARD
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Open position

MARIE CURIE LINKING INDUSTRY TO CERN
MECHANICs SEEKS

ACCELERATOR PHYSICIST OR ENGINEER
FOR POSTDOCTORAL 2-YEAR FELLOWSHIP

FrROM 1.9.2012 ONWARDS

TECHNICAL COORDINATION OF RF STRUCTURE MANUFACTURING & ASSEMBLY
PLACED AT CERN WORKING FOR HELSINKI INSTITUTE OF PHYSICS

IF INTERESTED PLEASE CONTACT KENNETH.OSTERBERG@HELSINKI.FI
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