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Outlook
• Supporting system

– Module components and accessories
– Requirements

• Current configurations
• Supporting / Alignment strategy
• Subsystems
• Installation requirements
• Integration requirementsIntegration requirements
• Thermo-mechanical model
• Conclusions• Conclusions
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Supporting scheme

drive beam accelerator
2 38 GeV 1 0 GHz

combiner rings      
Circumferences    
delay loop 72 4 m

326 klystrons
33 MW, 139 μs

drive beam accelerator
2 38 GeV 1 0 GHz

326 klystrons
33 MW, 139 μs

2.38 GeV, 1.0 GHz  delay loop 72.4 m
CR1 144.8 m
CR2 434.3 m

CR1
CR2

delay
loop

1 km

CR2
delay
loop

2.38 GeV, 1.0 GHz  
1 km

CR1

IP1 TA
245m 245m

CLIC   3 TeV booster linac, 

48.3 km
R=120m

e+ injector, 
2.4 GeV

e- injector,
2.4 GeV

BC1

e+

DR
e-

PDR

,
9 GeV

e+

PDR
e-

DR

Risto Nousiainen, 
16.10.2008

3

DR
365m

PDR
365m

PDR
365m

DR
365m



Supporting system

• Main components

• 1 + 4 module 
types

• 10000 modules /• 10000 modules / 
linac

Component Tolerance (1 s)
ACS 14 mm (PA)

MB support

ACS 14 mm (PA)
PETS 31 mm (PA)
Main beam quadrupole 17 mm (PA)
BPM for main beam quadrupole 14 mm (PA)
Relative position of quad. and BPM 5 mm (BBA)
PA = pre-alignment, BBA= beam-based alignment

3 d.o.fs at each girder interconnectionDB support gpp
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Current Configurations

TANK SEALED
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NB. Thanks to A. Samoshkin 
for his contribution 
. 



Alignment/supporting strategy
Mechanical contact

Adjustment / Reference information

Mechanical Adjustment
3 MB

1. 
Accelerating 

structure
2. WFM

6. Main 
Beam 

Quadrupole
11 DB

10. PETS
12. Drive 

Beam 
Quadrupole

SS

7. BPM

S

Mechanical reference measurement 

4. Girder

3. MB 
Support

14. Girder

11. DB 
Support 13. BPM

Accelerator Support

8. Q 
Support

Quadrupole Support

Stabilization 
system

Girder 
interface

5. Cradle
Active 

alignment 
system

Girder 
interface

15. Cradle

Q Support 
interface

SS

± 0.1 mm
± 0.01 mm

Cradle 
support

Active 
alignment 

system

Cradle 
support

Quad. 
support

9. Quad. 
Platform

Active 
alignment 

system

± 5 mm
18. Propagation 

Network 
Reference

support

Standard 
Support 

Reference

Same ext. reference for each sub step!!!

17. Base

16. Common Adjustable base

Common Adjustment
20. Geodetic  

reference 
network

Metrological plate
Sensors 

(S)
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19. HLS

NB. Thanks to H. Mainaud-Durand 
for her contribution 



Subsystems

• MB support &DB 
t

• MB quad support
Fi dsupport –Developed in 

collaboration with 

Fixed
Mech. Adjustment
Act. alignment

TS-MME

Coarse alignmentCoarse alignment
Final alignment
Stabilization systemposition

time
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Assembly, Transport and Installation requirement

• Alignment accuracy should not be directly a function of module installation• Alignment accuracy should not be directly a function of module installation 
precision

• Non sequential installation required
• Strategy of transportation / installation developed with TS

Do what you can at surface!!

• Strategy of transportation / installation developed with TS

• Development of detailed concept for installation
• Strategy of assembly / transportation / installation developed 

with TS
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Integration requirement

• Alignment system
• Stabilization systemStabilization system
• Interconnections
• Vacuum system
• Cooling system
• Tunnel integration

• System interactions 
need to be assessed
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Mechanical model of the CLIC module

Supporting system consist of separate systems that need to be studied and 
elaborated in near Future. This Includes significant engineering efforts!!!

PETS

Contact person(s)
AS Parameters

Geometry AB, R. Zennaro
Materials AB, R. Zennaro
Vacuum: system - level AB, D. Schulte (level), tbd (system)
Thermal loading unloaded case AB, R. Zennaro
Thermal loading loaded case AB R Zennaro

INPUTS

AS MB d
Mechanical analyses for the CLIC module 

ITEMS Input Work ITEMS Input Work ITEMS Input Work 
Accelerating structure 1 PETS 10 MB Quadrupole 6

Modal analysis Modal analysis Modal analysis

PETSThermal loading loaded case AB, R. Zennaro
Volumetric flow / AS AB, R. Nousiainen
Coolant AB, R. Nousiainen
Required Tolerances AB, D. Schulte (beam), R. Zennaro (RF)

PETS Parameters
Geometry AB, I. Syratchev
Materials AB, I. Syratchev
Vacuum: system level AB D Schulte I Syratchev

AS MB quad

Modal analysis Modal analysis Modal analysis
Eigen frequencies -- Eigen frequencies -- Eigen frequencies --
Cooling induced vibrations (CFD) AB, R. Nousiainen Cooling induced vibrations (CFD) AB, R. Nousiainen Cooling induced vibrations (CFD) AB, R. Nousiainen

Frequency Frequency Frequency
Amplitude Amplitude Amplitude

Computational fluid dynamics analysis Computational fluid dynamics analysis Computational fluid dynamics analysis
Thermal analysis (define cooling system) Thermal analysis (define cooling system) Thermal analysis (define cooling system)

Steady state: Loaded condition (beam loading) AB, A. Grudiev Steady state: PETS on (nominal) AB, I. Syratchev Steady state: Quad. on - Steering TS, T. Zickler
Steady state: Unloaded condition (beam loading) AB, A. Grudiev Steady state: PETS Max beam losses AB, I. Syratchev Steady state: Quad on- Nominal TS, T. Zickler

Structural analysis Structural analysis Structural analysis 
Effect of Gravity -- Effect of Gravity Effect of Gravity --

Steady state -- Steady state -- Thermal condition from CFD --
Thermal condition from CFD -- Thermal condition from CFD Steady state: Steering

C
om

po
ne

nt

Component
Vacuum: system - level AB, D. Schulte, I. Syratchev
Thermal loading nominal beam loss AB, I. Syratchev
Thermal loading max beam loss AB, I. Syratchev
Volumetric flow / PETS AB, R. Nousiainen
Coolant AB, R. Nousiainen
Required Tolerances AB, I. Syratchev

MB Quad Parameters
G t TS T Zi kl

ITEMS Input Work 
Accelerating str ct re 1

+ distributed load 
of the girder itself

Steady state: Loaded condition (beam loading) AB, A. Grudiev Steady state: PETS on (nominal) AB, I. Syratchev Steady state: Nominal
Steady state: Unloaded condition (beam loading) AB, A. Grudiev Steady state: PETS Max beam losses AB, I. Syratchev Transient (nominal - steering - nominal)
Transient: Unloaded to Loaded AB, A. Grudiev Precision assembly of the PETS

Precision assembly of the AS AB, D. Schulte, R. Zennaro

ITEMS Input Work ITEMS Input Work ITEMS Input Work 
Main beam girder assembly 1,2,3,4 Drive beam girder assembly 10, 11, 12, 13, 14 Main beam quadrupole assembly 6, 7, 8, 9 + stabilization + final alignment

Modal analysis Modal analysis Modal analysis
Eigen frequencies -- Eigen frequencies -- Eigen frequencies --
Minimize structural amplification -- Minimize structural amplification -- Minimize structural amplification TS, Kurt Artos, Friedrich Lackner

Include stabilization and final alignment TS, Kurt Artos, Friedrich Lackner

Structural analysis Structural analysis Structural analysis
Cooling (thermally) induced dilatations Cooling (thermally) induced dilatations Cooling (thermally) induced dilatations

Steady state: Loaded condition (beam loading) AB,  A. Grudiev Steady state: PETS on (nominal) AB, I. Syratchev Steady state: Steering TS, T. Zickler
Steady state: Unloaded condition (beam loading) AB, A. Grudiev Steady state: PETS Max beam losses AB, I. Syratchev Steady state: Nominal TS, T. ZicklerSu

ba
ss

em
bl

y

Subassemblies

Geometry TS, T. Zickler
Materials TS, T. Zickler
Vacuum: system - level AB, D. Schulte; TS, T. Zickler; AT/VAC, N. Hilleret  
Thermal loading nominal TS, T. Zickler
Thermal loading max TS, T. Zickler
Thermal loading - steering power TS, T. Zickler
Volumetric flow / Quad AB, R. Nousiainen
Coolant AB R Nousiainen

Accelerating structure 1
Modal analysis

Eigen frequencies --
Cooling induced vibrations (CFD) AB, R. Nousiainen

Frequency
Amplitude

ITEMS Input Work 
Main beam girder assembly 1,2,3,4

Modal analysis
Eigen frequencies --Steady state: Unloaded condition (beam loading) AB, A. Grudiev Steady state: PETS Max beam losses AB, I. Syratchev Steady state: Nominal TS, T. Zickler

Transient: Unloaded to Loaded AB, A. Grudiev Effect of Gravity Effect of Gravity
Effect of Gravity Steady state -- Steady state --

Steady state -- Define girder deflection AB, I. Syratchev; TS, Friedrich Lackner
Define girder deflection AB, R. Zennaro; TS, Friedrich Lackner

ITEMS Input Work 
Module 1 - 17

Modal analysis
Eigen frequencies --
Minimize structural amplification --
Setting for transportation AB, A. Samoshkin

Computational fluid dynamics analysis
Thermal analysis (including components of Circuit A)

Steady state: Loaded condition (beam loading) AB, A. Grudiev

S Coolant AB, R. Nousiainen
Required Tolerances AB, D. Schulte (beam); TS, T. Zickler (structure)
Required stabilization AB, D. Schulte; TS, T. Zickler

DB Quad Parameters
Geometry TS, T. Zickler
Materials TS, T. Zickler
Vacuum: system - level AB, D. Schulte; AT/VAC, N. Hilleret

Amplitude

Computational fluid dynamics analysis
Thermal analysis (define cooling system)

Steady state: Loaded condition (beam loading) AB, A. Grudiev
Steady state: Unloaded condition (beam loading) AB, A. Grudievom

po
ne

nt

g q
Minimize structural amplification --

Structural analysis
Cooling (thermally) induced dilatations 

Steady state: Loaded condition (beam loading) AB,  A. Grudievub
as

se
m

bl
y

y ( g) ,
Steady state: Unloaded condition (beam loading) AB, A. Grudiev

Pressure drop --

Structural analysis (simplified loading)
Cooling (thermally) induced dilatations 

Steady state: Loaded condition (beam loading) AB,  A. Grudiev
Steady state: Unloaded condition (beam loading) AB, A. Grudiev
Transient: Unloaded to Loaded AB, A. Grudiev

Effect of Gravity
Steady state --
Define girder deflection TS, Friedrich Lackner
Steady state: Setting for transportation AB, A. Samoshkin

Interconnections Intramodule
Steady state: AS - AS --
St d t t AS MB Q d

A
ss

em
bl

y

Module
Vacuum: system  level AB, D. Schulte; AT/VAC, N. Hilleret
Thermal loading nominal TS, T. Zickler
Thermal loading max TS, T. Zickler
Volumetric flow / Quad AB, R. Nousiainen
Coolant AB, R. Nousiainen
Required Tolerances AB, D. Schulte (beam); TS, T. Zickler (structure)

Module
S

y ( g) ,

Structural analysis 
Effect of Gravity --

Steady state --
Thermal condition from CFD --

Steady state: Loaded condition (beam loading) AB, A. Grudiev

C
o y ( g) ,

Steady state: Unloaded condition (beam loading) AB, A. Grudiev
Transient: Unloaded to Loaded AB, A. Grudiev

Effect of Gravity
Steady state --
Define girder deflection AB, R. Zennaro; TS, Friedrich Lackner

Su

Steady state: AS - MB Quad. --
Steady state: PETS - PETS --
Steady state: PETS - DB Quad. --

Interconnections MB - DB
Steady state: choke mode flange AB, I. Syratchev

Interconnections intermodule
Steady state: module type x - Module type y, (x,y Є [1..4]) --
Steady state: module coupling --

Materials AB, A. Samoshkin
Vacuum: system - level AB, D. Schulte; AT/VAC, N. Hilleret
Cooling system AB, R. Nousiainen
Alignment system TS. H. Mainaud Durand
Stabilization system TS, C. Hauviller
Interconnections To be defined

y ( g) ,
Steady state: Unloaded condition (beam loading) AB, A. Grudiev
Transient: Unloaded to Loaded AB, A. Grudiev

Precision assembly of the AS AB, D. Schulte, R. Zennaro



Conclusions and future work

• Conceptual design of the supporting system is well advanced
• Module supporting system consist of extensive amount of R&D 

word in the near future
• Different subsystems and procedures such as alignment, 

stabilization, cooling, assembly, transportation and installation , g, y, p
need to be developed as parts of supporting system.

• Organization of the work between collaborators is essential
– Organization of work is on going

• Current work
– Interconnection specification finalization -> soon to development 

iteration
– Module assembly, transportation and installation sequence
– Creek collaboration for the girder material studies

• Future work
– Study mechanical model of the module
– Next iterations for the specification for the supporting and alignment 

systems Thank you!
Risto Nousiainen, 
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y
– Increase the amount of collaborators Thank you!


