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TCDS Diluter to Protect MSD Septum Magnets

INTRODUCTION
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¢ PERFORMANCE OBJECTIV TCDS
¢  What: dilute about 6.1 MJ, ~ 1.7% of LHC beam energy.

¢  When: Event of an unsynchronised beam abort of the MKD kickers at
baseline luminosity and 1.2 ps delay.
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TCDS Diluter to Protect MSD Septum Magnets

@l CONCEPTUAL DESIGN - 1 (@8

TeD .
[ EDMSS Slgn V1

e CONFIGURATION 773 v.1.0]

= Considering Maximum Temperatures:
e MSD Vacuum chamber (300°C)
e MSD Steel Yoke (100°C)
e Absorber materials
= Baseline Solution [6]:
e 1m Graphite (density 1.77 g/cm3)
e 2m C-C composite (density 1.4 g/cm3)
e 1.5m Graphite (density 1.77 g/cm3)
e Im Aluminium nitride (density 3.31 g/cm?3)
e 0.5m Titanium (density 4.5 g/cm3)
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CONCEPTUAL DESIGN - 2
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TCDS Diluter to Protect MSD Septum Magnets

CONCEPTUAL DESIGN -3 @
TeDs p "Sﬂg il

[EDMS 39395

¢ Baseline Solution:
e Im Graphite (density 1.77 g/cm?3)
e 2m C-C composite (density 1.4 g/cm3)
e 1.5m Graphite (density 1.77 g/cm3)
e 1m Aluminium nitride (density 3.31 g/cm3)
e 0.5m Titanium (density 4.5 g/cm3)
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Studies in 2004 showed:

« The 2" part of the
graphite section would
not survive;

* And the Titanium
section was scarcely
loaded.

 No material data was
available at that time for
ALN

maximum stress ratio
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¢ Revised Solutionn T '_‘f’f_?j_?_gggl
e 0.5m Graphite (density 1.77 g/cm3) | Calculations later

Graphite ‘ e 0.5m C-C composite (density 1.9 g/cm3): showed that AIN or
replaced by e 2.0m C-C composite (density 1.4 g/cm3)' optional hBN/TiB2
h|gthfi>:nS|ty E) o 0.5m C-C composite (density 1.9 g/cm3)} Compound (density

e 1.0m Graphite (density 1.77 g/cm3) | str§87s %;E:g gaft:lries
e 0.75m AIN(density 3.31 g/cm?) ’ “bove the allowed |
e 0.5m Tl‘ranlum (densu’ry 4, 5 g/cm3)
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In 2004 we did a Search for High Density C-C Composite:

Many products found in literature, often used for F1 brake disks, but not
so easy to buy:

e CHEMCARB from HITCO (density 1.8 g/cm?3)

> Very expensive ($5000/block -> US Dept. of State export license delay of 4 to 6 months.
e CERACARB from HITCO (density 2.04 g/cm3)

> The bulk density would be too high.
e 3D SEPCARB NB31 from SNECMA (SEP = Société Européenne de Propulsion)

> At that time prototype material for ITER, negative reply from the company for delivery.

e 3D SEPCARB N11 from SNECMA
> Possible, but delivery would be too late for LHC start-up.

e SIGRABOND from SGLCARBON (density max. 1.6 g/cm3)
> Material properties promising, but the bulk density would be too low.

e RNFF-sag from SINTEC (density > 1.75 g/cm3)

» CfC composite material with advanced graphitization process. This material was chosen.
> Many material test done to qualify the material for input of CRS4 calculations.



\Workshop on Materials for Collimators and Beam Absorbers - CERN 3-5/09/2007

INDICO 15955
‘Target Collimator Dump Septum

In the first design the TCDS was 3.0 long and had the following material
composition: 1m of graphite, 2m of a carbon composite, 1.5m of graphite
again, 1m of aluminum nitride and 0.5m of a titanium alloy

The core had a wedge shape determined by the extreme orbit trajectories and
IS realized by a set of parallelepiped blocks (80mm high, ~24mm thick and

Cz5 Cz5
Phase 1 I , I - CC NB31 CC 1.75
AIN CC 1.4

Phase 2 .. - . Ti 6AIl 4V Ti 6Al 4V

INCO718
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DS phase 2 results: M Rrisass
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kshop on Materials for Collimators and Beam Absorbers - CERN 3-5/09/2007

INDICo 15955
TCDS results comparison
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Initially no data for Later calculations showed AIN having stress |
Aluminium Nitride values 6 times above the allowed limit
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CfC >1.75g/cm
was the best
we could find
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¢ Final Solution: EDMS 3939 ’35\1/3’\/18 716293
e - 0.5m Graphite (density 1.77 g/cm?3) o

density ‘ e - 0.5m C-C composite (density 1.9 g/cm3)

’ - 2.0m C-C composite (density 1.4 g/cm3)

1.5m C-C composite (density 1.9 g/cm3)

- 1.0m Graphite (density 1.77 g/cm3)

- 0.5m Titanium (density 4.5 g/cm3)
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1) C—C composite density 1.9g/cm 3
2)C—C composite density 1.4g/cm?3
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TCDS conclusions: phase 3

A new design has then been adopted by CERN that appears as a good
compromise

Some graphite blocks are substituted by high density carbon composite, the
steel block is no longer present and the two titanium blocks are moved at the
end of the target; the following materials are adopted: 0.5m of graphite, 0.5m
of high density carbon composite, 2m of low density carbon composite, 1.5m
of high density CC, 1.0m of graphite again and 0.5m of a titanium alloy

Phase 1 N . CZ5 CZ5

- CC NB31 CC 1.75

Phase 2 N ] AIN CC 1.4
Ti 6Al 4V Ti 6Al 4V
Asbuit TN [] N |

INCO718
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CRS4 - Centre for Advanced Studies
Research and Development in Sardinia

DYNAMIC STRUCTURAL ANALYSIS OF THE .
TCDS COLLIMATOR i

L.MASSIDDA AND F.MURA

Abstract

The dynamic structural behaviour of the TCDS collimators protecting the LHC extraction
septa (MSD) was studied in the event of an asynchronous firing of the extraction kickers
(MKD) during operation at ultimate intensity

shortened, the titanium section
added. The modified baseline solution is now as follows:

MEMORANDUM

Wim Weterings

Coneeme/Subject:

Brennan Goddard, Marta Sans Merce, Lica Bruno, Beno

Modification of TCDS Baseline Configuration.

Geneva, 22 March, 2004

Following the resuits [i] of the study of the TCDS thermal behaviour after impact, the
longitudinal distribution of the carbon in the TCDS cored will be revised. Furthermore,
since the titanium section is scarcely loaded, the aluminium nitride section will be
‘moved upstream and a stainless steel section will be

0.5m Graphite (density 1.77 g/cm”)

0.5m C-C composite (density 1.9 g/cm’)
2.0m C-C composite (density 1.4 g/cm’)
0.5m C-C composite (density 1.9 g/cm’)
1.0m Graphite (density 1.77 g/cm’)

0.75m Aluminium nitride (density 3.31 g/cm®)
0.5m Titanium (density 4.5 g/cm’)

0.25m Stainless Steel (density 7.8 g/cm’)

The deposited energy densities, estimats

FLUKA, were converted to intemal hel

dependence of the extractad beam. The
obtained by solving the coupled heat tran:
spectral-element code ELSE.
Temperature and stress results are dise
absorbing blocks, with a particular focu
findings, a change of material is deemed
an optimization of its core is suggested.

Cagliari, Italy
January, 2004

RE Room Temperatore SEFCARD NB31 | SINTEC SITEC
RFF-g RNFF-sag

Densiy Rgw | 1870 16501730

Saste moduE (£5] WFs | 2000 7500 75008

Siacte moduns (5] WP 7ov000 3300 7500

Siacte modunes (£2) WP 75000 300 70008

‘Compressive strength (ocx) NP 31 144.4 88.0

Compressive strengih (acy) MPs 102 985 696

Compressive strengih (agz). MPs 37 1321 824

Tensile strength (k) MPs 13 832

Tensie stengh (oty) WPa 130 78

ansie ctrength (ctz) WFa 30 w9 ]

Tramal expanson cosEERtE | 107K | 2T 73

Thamal expanson costrent (ay) | 107K 0% 53

Thamal expanson costroent(az | 105K [ 10 73

Kix {gi{MPaJ[E[GPa] o[ 10K} 75 228

Kiy {gi{MPaJ([E[GPa] o[ 10K} 304 71

Kiz {gt{MPaJ([E[GPa] o[ 10K 1} 200 228

K P EGEET ST E ] 2% (5]

Koy [EPa] (E SRRl oT0=K ] FEN] 57

Koz (e P Al (EGEA o1k ] 207 ]

“50%of 3-point bending strengih, measured by SINTEC, value betueen 170-150 MFa, You
oW . 31 WK, toth laye

resistiviy is 12.5.0pm.

ng's modulus 3540
5. the eleotrioal
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Switzerland
Geneva, June 2006

+(23-1000°C)  ** (23 - 500°C)

Depending on Aluminium nitride material tests, this part could be replaced by a Y
hBN/Ti8, Compound (density 2.7 g/cm’) or other suitable material. x
nrﬂ%ﬂf_jtfﬁ CERN
e CH-1211 z
o Switzerlan
£ e — #|SINTEC RFF-g Testresults
= oo T oo B = Rm (WP3] | E(GPa) Tensile
F_ B __ ClStoedBem o 2 [N Y
density CC eomposite 3 1483 | 77
Composite 15010 K 4 T T
Figure 1 - Dimensions and position of TCDS diluter blocks. 5 1507 | 77
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Strain to Failure (%) 0.34 0.55 0.33
Ult Compressive Strength (ksi) 66 33 54
Svy
Compressive Modulus (msi) 10 5.5 8.5
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Abstract
Flexural Medulus (msi) 8.2 6.2 8.9
In the event of an uasynchronised beam abort, the MSD extraction septum of the LHC|
system is protected from damage by the TCDS diluter. The simultaneous constraints of obt} Ultimate Shear Strength (ksi) 11 - 16
beam dilution while ensuring the survival of the TCDS make the design difficult, with| .
induced dynamic stresses occurring in the material needed to attenuate the particle showerd Shear Modulus (msi) 2.1 - 3.0
primary beam impact. In this paper, full 3D simulations are described where the worst-case . _ .
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