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TCDS Diluter to Protect MSD Septum Magnets

INTRODUCTION

 PERFORMANCE OBJECTIVE 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 μs delay.
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TCDS Diluter to Protect MSD Septum Magnets

CONCEPTUAL DESIGN - 1

 CONFIGURATION
 Considering Maximum Temperatures:

 MSD Vacuum chamber (300°C)

 MSD Steel Yoke (100°C)

 Absorber materials

 Baseline Solution [6]:
 1m Graphite (density 1.77 g/cm3)

 2m C-C composite (density 1.4 g/cm3)

 1.5m Graphite (density 1.77 g/cm3)

 1m Aluminium nitride (density 3.31 g/cm3) 

 0.5m Titanium (density 4.5 g/cm3)
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TCDS Diluter to Protect MSD Septum Magnets

CONCEPTUAL DESIGN - 2

Graphite Graphite AlN TiCarbon Composite
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TCDS Diluter to Protect MSD Septum Magnets

CONCEPTUAL DESIGN - 3

 Baseline Solution:
 1m Graphite (density 1.77 g/cm3)

 2m C-C composite (density 1.4 g/cm3)

 1.5m Graphite (density 1.77 g/cm3)

 1m Aluminium nitride (density 3.31 g/cm3) 

 0.5m Titanium (density 4.5 g/cm3)
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Studies in 2004 showed:

• The 2nd 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
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 Revised Solution:
 0.5m Graphite (density 1.77 g/cm3)

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

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

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

 1.0m Graphite (density 1.77 g/cm3)

 0.75m AlN(density 3.31 g/cm3)

 0.5m Titanium (density 4.5 g/cm3)

 0.25m Stainless St. (density 7.8 g/cm3)

Graphite 

replaced by 

high density 

CfC

Calculations later 

showed that AlN or 

optional hBN/TiB2 

Compound (density 

2.7 g/cm3) have 

stress values 6 times 

above the allowed 

limit 
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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:
 CHEMCARB from HITCO (density 1.8 g/cm3)

 Very expensive ($5000/block -> US Dept. of State export license delay of 4 to 6 months.

 CERACARB from HITCO (density 2.04 g/cm3)
 The bulk density would be too high.

 3D SEPCARB NB31 from SNECMA (SEP = Société Européenne de Propulsion)

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

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

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

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

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 
25mm long) 

 In the revised design the core consists of 24 blocks, each 250mm long with the 
following materials: 0.5m of graphite, 0.5m of high density carbon composite, 
2m of low density carbon composite, 0.5m of high density CC, 1.75m of 
graphite again, followed by 0.5 of a titanium alloy and 0.25m of a nickel alloy

CZ5

Ti 6Al 4V

INCO718

CC 1.4

Phase 1

Phase 2

CZ5

AlN

Ti 6Al 4V

CC NB31 CC 1.75
Note this option
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Workshop on Materials for Collimators and Beam Absorbers - CERN 3-5/09/2007

TCDS phase 2 results: max stress 

ratio

 High stresses are 

found on the second 

part of graphite 

blocks and on the 

titanium and steel 

blocks

 Values higher than 

unity imply a failure 

or a yielding



11/58

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

TCDS results comparison

The results for phase 1 appear to be 

better than phase 2!

It was necessary to extend the graphite 

portion of the target to avoid the AlN 

part: the preliminary result were not 

satisfactory

Initially no data for 

Aluminium Nitride

Later calculations showed AlN having stress 

values 6 times above the allowed limit 

Graphite

Titanium

Inconel

CfC1.9
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 Final Solution:
 - 0.5m Graphite (density 1.77 g/cm3)

 - 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)

high density 

CfC >1.75g/cm3

was the best 

we could find 
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Workshop on Materials for Collimators and Beam Absorbers - CERN 3-5/09/2007

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 

 The results were satisfactory throughout the whole target. The highest stresses 
are found in the 23rd block, made from titanium, in which a temperature 
increase of 401°C and a maximum Stassi ratio of 2,08 are reached. This 
value reduces to 1,65 when an offset beam is considered

CZ5

Ti 6Al 4V

INCO718

CC 1.4

Phase 1

Phase 2

CZ5

AlN

Ti 6Al 4V

CC NB31 CC 1.75

As built
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CONCLUSION Many documents and material data 

available as a starting point for the 

TCDQ Upgrade

EDMS 716298

EDMS 716298

EDMS 458836 


