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clc FROM TEST STRUCTURES TO CLIC STRUCTURES

germana.riddone@cern.ch

| will focus on the general eng. issues for ac. structures, and | will give some examples
to show what has to be implemented for final CLIC accelerating structures

Test structures

Disks ]
Couplers Bl s AR
Cooling circuits ' '

CLIC accelerating structures

Disks

Couplers

Cooling circuits [*400 W average
per structure] (B
Vacuum manifolds (10° mbar) Q = (¢
Damping material '
Superstructures (2 to 4)
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cllc ENGINEERING DESIGN
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RF design

Beam 3D models
physics
Engineering 2D drawings

design
FE analysis

Alignment system

©
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Joining process
Machining

Vacuum system
Assembly

sequence

Cooling system
Installation
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ENGINEERING DESIGN ISSUES (WAVEGUIDE DAMPED AS)

PREPARED BY A. SOLODKO
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* - Evaluation length is equal to (d-2*be) mm

Roughness is according to ISO 1302
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ENGINEERING DESIGN ISSUES (DETUNED DAMPED AS)
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Prepared by Vadim Soldatov

21-Oct-2010

RF Disk
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From 0,5mm to 0,05mm
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WHY WE NEED ULTRA-PRECISION MACHINING
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Accelerating structures PETS

— Milling and turning — Milling
Form [mm]

Diamond tool is required (about 7
L tools per disks)
K Conv. Machining ] ] .
0.1 - Dimensional stability
F Fine Machining -Maintenance of tolerances
001 7 - Less stresses
P Precise Machining .
0,001 - Chips do not adhere to surface
uP Ultra-Precise Machining - Expensive > well characterised
I I * Roughness [um]
0,01 0,1 1 10

CLIC's needs: At this level of tolerances: material stress-relief annealing is

mandatory - Soft material >
shape accuracy t 2.5 um : : .
e  Special care clamping without damage
roughness Ra 25 nm *  Special requirements on 3D metrology (tactile): no indents!!

S. ATIEH
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TYPICAL PROCEDURE OF UHP DISK MACHINING
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Pre-Fabrication: ! T
Pre-turning + x100 pum s P
Pre-milling + x100 um i 7 Y :
: : | N\ B
Tuning holes LE NN 7|, J:7
Stress relief ~180 °C (optional) 2 sl
. . . Sl : i
Finish turning + x10pum X! -'
Finish milling + x10pum |
|
. ~ o | 1.8 [a] _
Stress relief ~245 °C = g1 .
Edge AO.G2 —— [8] —fiT¢0,0as]8] A ©0.005 B/

UHP-Machining: ° ;
Mounting of vacuum clamping adapter 7

. . lo.001] A
UHP-turning of the support (diamond tools) L e

)
%
D
Alignment = :

UHP-turning ref. plan A T :
Alignment ‘/ 7
UHP-turning opposite side o

Wave guide UHP milling B

Iris final turning (requested up to the nose)
S. ATIEH
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cllc PETS OCTANT (FROM KERN)
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' *Sh 4.8
e L=800 mm dape accuracy 4.0 pm

(15 pm nominal)

* Roughness Ra 120 -180 nm

(100 nm nominal)

KERN Micro- und Feinwerktechnik GmbH (DE)

100,0000 110,0000 120,0000 130‘0000Kurvenf&|”6’5b§ 150,0000 160,0000 170,0000
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DETUNED DAMPED DISK FROM VDL (TD24)
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Contour plot | Linear plot | Points | Histograms | Input fie
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18.000

Q Enabiing Technologies Group

Inspection Report

rawing no. |(LIM511033? Standard Cell Disk 21 Prod. Nr.
11 WDSDVGLEKEK Standard cell
0.0000 00011
2 740000 | 00025 | 00025 | 740015 | 0.0015
3 00000 | 00020 | Doooo | 00009 | 0.0009
a 00000 | 00020 | DO0CO | 0000 | 0.0006
5 700000 | 00000 | 00100 | 693957 | -0.0043
6 #70 [2]0.005B] 10,0000 00050 | 00000 00010 00010
7 Dismeter 2 51501 | 00025 | 00025 | 51900 | -n.0001
3 Distance d 87327 | o020 | 00020 | s7aa | oooo7
9 Plane at distance d 00000 | 00020 | poooo | ooo20 | ooozo
10 870 700000 | 00150 | powO | 700133 | 00133
1 70 [@[0.005]B] 00000 | 00050 | 0.0000 0.0007 0.0007
12 Distance t 11569 | 00025 | 00025 | 11562 | -0.0007
13 Distance § 75758 | 00025 | 00025 | 75765 | 00007
14 Width Cross Z+ 1813 | oo0zs | 00025 | 1181 | ooowe
15 Y-value symmetry Cross Z+ 00000 | 00015 | 00025 | ooooz | ooooz
16 Width Cross Z- 11813 | 00025 | 00025 | 118134 | oooe2
17 Yovalue symmetry Cross Z- oooo0 | 00025 | 00025 | ooooz | ooo02
18 Width Crass ¥- 108113 | 00025 | 00025 | 118122 | 0.0009
19 Yovalue symmetry Cross Y- 00000 | 00015 | 00035 | ooz | ooon
t— 0 Width Cross ¥+ 1813 | 00025 | 00025 | 118120 | 00007
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e > 2 Distance t 11569 | 00025 | 0oo2s | 11563 | -0.000s
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F a0
e 3 * Shape accuracy 5 um
; _
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AN B, ;
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; 0
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' DETUNED DAMPED DISK FROM VDL (DDSA)
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Zeiss CMM, free state measurement |

......

(
L

Height (nm)

e
2350 u¥ e By " SR 0.a0p 0200 D 400
” > Distance {mm)

REESREE T

* Shape accuracy 5 um
1.7 pm achieved

* Roughness Ra 0.025

Iris region achieved Ra 0.010

Low-force probe: some disks show measuring
= indents (20 nm depth) after probing on the CMM
_ = |ocal hardness of the material is not constant.

Ahas
EEBZS
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ALIGNMENT AND BONDING (T24@12 GHz)

germana.riddone@cern.ch
Reference on the external diameter:
- tolerance on external diameter: 12.5 pum
- tolerance on the ref. line: 1 um
Alignment done on a V-shape vertical support in

granite (accuracy of 1.5 um)

: ,.;rw,y‘;j :
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DIFFUSION BONDING PARAMETERS AND CYCLE
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Temperature: up to 1040°C
Pressure: 0.28 MPa
Holding time: 2 h

New infrastructure to
guarantee uniform load
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Straightness measurement after diffusion bonding
of 1 um before and after bonding
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DIFFUSION BONDING SIMULATION (1/2)
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We wanted to study:
- Pressure distribution and deformation under bonding load [0.4 MPa, symmetrical disks]

- Stresses during bonding (transient — very heavy simulation)[TD24]

G St St 575 Deformation in um

Pressure distribution and
deformation under bonding load

G: Static Structural (ANSYS)

GEBEIE55R3
2

Linear static model
Frictionless contact, no sticking

J. HUOPANA Gap given um Pressure in MPa
21-Oct-2010 WG 4 “Main linac and NC RF”




DIFFUSION BONDING SIMULATION (2/2)
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1/8 TD24 Stresses during bonding
(0.28 MPa and 0.4 MPa)

Max Stress 0.93 MPa (0.28 MPa)

1.27 MPa (0.4 MPa) ! |

Min. yield strength 11.7 MPa S %

. ok
Min. young’s modulus 5.8 GPa ek

300 &,
- 250 T == .
E 200 \'“ ( . 5
-E'u \ 1 Pressure 0.28 Mpa 0.4 Mpa
E 150 Max. Stress 0.93 MPa Max. Stress 1.27MPa
i 100 \\ /[
-
= \\ -

a
a 2 4 5] g 140

Time (hours)

J. HUOPANA, T. BERG
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clc DIFFUSION BONDING INVESTIGATION
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S. LEBET

We want to understand the influence of different pressure
loads and machining types on joining process (first results

Deformation of few tens of um
on the ext. dia.
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CLIC TWO-BEAM MODULES
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A. Samoshkin ACC. STRUCTURE
VAC. MANIFOLD (BRAZED DISKS) & RF LOAD &

VAC ION PUMP

CARTRIDGE
PUMP

......

PETS ( OCTANTS,
MINI-TANK )

COOLING VACUUM PETS ON-OFF
DB QUADRUPOLE DB BPM CIRCUIT GIRDER RESERVOIR MECHANISM

CRADLE

Up to 8 accelerating structures and 4 PETS in a two-beam module
Design takes into account CLIC requirements and integration with other technical systems
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cilee ASSEMBLY OF ACCELERATING STRUCTURES (1/2)

germanariddone@cern.ch 2. Brazing of the manifolds by means of Gold-
electroplating (validation tests needed)

1. Diffusion bonding of high
& & 3. Brazing of cooling fitting adapters

precision disk stack

GOLD-
ECTROPLATING

COOLING FITTING
ADAPTER

L

/

NNy e
NS » : N,
| : ; ) RFE INTERFACE A
NS oY, FLANGE ///
— =
N )
\& 7
N =
NS >
N\ 7
NN 1)
| - gy WFM WAVEGUIDE
N§=——=57
{ P MANIFOLD BODY
3 ACCELERATING
STRUCTURE
D. GUDKOV, A. SOLODKO WAVEGUIDE
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cilee ASSEMBLY OF ACCELERATING STRUCTURES (2/2)

germana.riddone@cern.ch

4. Brazing of prepared accelerating
structure stack (superstructure)

=1000 mm

-

D. GUDKOV, A. SOLODKO

AS STACK

MANIFOLD COVER

5. Installation of damping material
6. Welding (EBW) of manifold covers

VACUUMNTERFACE

CORNER
SUPPORT

MANIFOLD

FLANGE

DAMPING

21-Oct-2010
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COOLING OF ACCELERATING STRUCTURES (1/3)
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3%" C
_ cv
Module type 1 cooling scheme 25 °C As H As Load
W oV i 45 C
Interface to cooling and Interface to cooling and AS H AS Load B OUT
ventilation group ventilation group cv f
® AS H as Load
P =
=] Load < 8
cv . L | l | T
—@J— Super-AS —~| Load |~ ® 8 8 o o a 2 2
cv C?!r —@— Super-AS —~| Load } 1r(? © © © © © © c ©
% ‘& oV (P = %
2 _@}_ Main beam = I 1 superstructure I
c% 25 °C guadrupole 45 °C ﬁ
o Twater _in=25"C[ 2°C]
T R A ? Re = 5800 (d =7 mm)
. h = 3750 W/m2/K
L Z+|  PETSx3 @ V=70 1/h [per AC. STR.]
&V = control valve V =~350 I/h [per MODULE]

T= temparature sensor

V = 3500 m/h [per LINAC]
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COOLING OF ACCELERATING STRUCTURES (2/3)
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Cell-by-cell heat dissipation

Accelerating structure 20
* Thermal load is not constant through s
an accelerating structure ‘“‘\\
* Considered unloaded conditions and 216 —
loaded conditions g, .
g Tm
L 12
'_
—-Unloaded "l\_\
1011, | oaded -
8
L. . 0 5 10 15 20 25
Distribution of heat flux over Number of cells

480 mm: superstructure
30000

25000

20000

15000

Unloaded 821W
Loaded 672 W

10000

5000

Heat flux [W/m~2]

0

0 50 100 150 200 250 300 350 400 450 500

A. GRUDIEV

Position [mm]
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clc COOLING OF ACCELERATING STRUCTURES (3/3)
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Thermal and structural analysis

39.759 Max
Max 39.7 °C Unloaded 39.083
38.407
37.731

33,677 Min

Max 38 °C Loaded oSS e Beam pipe deformation:

i:; unloadedto loaded structural effect

% (beam pipe rigidly supported)
34:501

33.925 b N
3,35 .
32.774 Min

1+

Temperature difference
Unloaded to Loaded 1 9 K K]
. 1.923

= 1507

1.760

1.598

' ‘m n
. 1.273

1.110

a;igaaszaas

1.193

0.948

"o ™ RD-8 K Minimized by adjusting the mass-flow rate

R. NOUSIAINEN, R. RAATIKAINEN

[men]
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VACUUM ISSUES

germanariddone@cern.ch C. GARION, A. SAMOSHKIN, D. GUDKOV
s v'4 manifolds around the accelerating
structures linked to a common reservoir

VACUUM NETWORK

VACUUM ION PUMP

N— v'Pumping speed for 1 accelerating structure= 300 |/s

v 4 manifolds 30 mm x 30 mm (equivalent)
VAC CARTRIDGE PUMP

Recovery after breakdown

Cco

v’ simulation did not show not a “big” i i Gl i - 1511“]“"‘)
difference between 1 or 4 manifolds = cletst
v'Depending on the species, the local pressure _ M. e
does not exceed the range 10%-107 mbar after : .

20 ms. e ﬂ
v Only 1 manifold could be needed (to be Time el

| —— 4 Manifolds =—— 1 manifold |

confirmed with the prototype modules)
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THERMO-MECHANICAL MODEL
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R. NOUSIAINEN (input from technical experts) Structural ana IySIS

Static Structural (ANSYS)

Module's Total Deformation under gravity with vacuum and RF applied
Type: Total Deformation

Unit: pm

Module's Total Deformation under gravity and vacuum applied
Type: Total Deformation

Unit: pm

I 217.82 Max I 342.98 Max
50 304.87

— 43.75 — 266.76

— 37.
315 L 228.66

3125
- 190.55

25

— 152.44

— 18.75
— 114.33

12.5
76.218

6.25
38.109

0 Min

0 Min

Gravity + Vacuum Gravity + Vacuum + RF (unloaded)

Lateral deformation and wave guide deformation to be confirmed with the prototype modules
(if not acceptable from RF, the four connected super structures will be decoupled).
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' CONCLUSIONS AND FUTURE STEPS
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* Production of 100 MV/m RF accelerating structures is very challenging:
several engineering issues are being addressed before CDR

 Mechanical design shall take into account all requirements on RF,
beam physics, machining, assembly, installation and operation

* Micro-precision tolerances imply dedicated machining procedures

* CLIC structures integrate all features and technical systems: additional
eng. issues are to be addressed

* Industrialization studies started in collaboration with companies

— Review of design aiming at:
* Reduction of types of tooling

e Confirmation of tolerances requirements: review of regions with stringent
and relaxed tolerances

e Confirmation of roughness requirements in the different regions
— Optimization of design for chosen assembly/joining methods

21-Oct-2010 WG 4 “Main linac and NC RF”
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EXTRA SLIDES
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DDSA, prototype disks




prototype disks
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