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Agenda

= |ntroduction

= Thermal and structural simulations

More details:

- Load Ap p I | Catl O n EDMS 1890875 [Presentation of 7th

collaboration meeting],
EDMS 2029814 [documentation for

- StreSS Evaluatlon HW-baseline, still under Approval]

= Real Data Acquisition
= Vibrometer Data
= Performed Interventions

HiLum e | _ _ _
HL-LHC PROJECT = 8th HL-LHC Collaboration Meeting - Tobias Polzin - EN-STI-TCD



Photo of Dump and of Support Structure from
Downstream




Supports Ventilation
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Overview of the Dump Cavern in UD62

= The two dumps are placed each in a cavern: UD62 and UD68
= The dumps consist of a stainless-steel housing and a core made of graphite.
=  The whole sector of the beam pipe is filled with N2-Gas at an overpressure of 200mBar.

=  Awindow separates the dump (N2) from the machine vacuum (upstream) and another window
enclosing the N2 volume in the core.
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Relevant documents

Dump High Density Segment

= Assembly:_https://edms.cern.ch/ui/file/575402/AA/lhctde  0021-
VAA plt_cpdf.pdf

= Dump Low Density Segment

= Assembly: https://edms.cern.ch/ui/file/428955/AB/lhctde  0006-
VAB plt cpdf.pdf

= Detalls about Graphite:
https://edms.cern.ch/ui/file/425522/1/conception tde4.pdf

= Upstream Window
= https://edms.cern.ch/document/1080998/1

= https://edms.cern.ch/ui/file/682805/0/Ihcvdwb 0001-
vO plt cpdf.pdf

= Downstream Window
= https://edms.cern.ch/document/756992/1
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https://edms.cern.ch/document/756992/1

Load Application

Run2 Beam Parameters HL Beam Parameters
LHC BCMS LHC Standard LHC BCMS LHC Standard LHC BCMS R(?trlgger
25ns 25ns Scenario
Energy 7 TeV 7 TeV 7 TeV 7 TeV 7 TeV

Bunch intensity 1.3E11 1.3E11 2.0E11 2.3E11 2.3E11

Emittance 1.37pumrad 2.6 umrad 1.37umrad 2.08 um rad 1.7 pmrad
Sweep pattern HL Run2 HL HL HL

Number of 2604 2748 2604 2748 2604

Bunches

The following beam parameters were used. They were determined with the FLUKA simulations
which were the starting point of the presented simulations.
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Load Application

TDE - Front Window HL 6V2H - Graphite
Time = 0

Contours of Effective Stress (v-m)
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Upstream Window — Carbon Fibre Disc




TDE - Down-Stream Window - HL6V2H

Time = 0

Contours of Effective Stress (v-m)

max=0, at elem# 1

Downstream Window — Titanium Disc
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Stress Evaluation

= A Python script evaluates for each material point at each time point
the temperature dependent safety factor against permanent
deformation

= |t uses, an interpolation function for the temperature dependent
yield strength and compares the result with the local eq. v. Mises

Stress
SS316LN Titanium Titanium
(commercially Pure) (Ti6AI4V)
450.00 900.00
.- 400.00 . 800.00
g s S 0 35000 |, & 70000 N
5 2000 B — T —— 1 % 30000 2 60000 T
£ 20000 Eﬂ 250,00 ‘ E e —— &
E 150.00 5 2004 - . ;@_ 400.00 =
% 100.00 % 150.00 ‘. % 300.00
= > 10000 > 20000
000 s000 | @ T——— - 100.00
0.00 0.00 0.00
[} 50 100 150 200 250 0 100 200 300 400 00 600 o 100 200 300 400 500 600
Temperature / *C Temperature / °C Temperature / °C
®  Yield Strength  ====-Yield Strength - Fit ®  YieldStrength  -------Yield Strength - Fit ®  Yield Strength  -------Yield Strength - Fit
Designer Handbook, Specialty Steel Industry of North Titanium CP2, Annealed Ti Grade 5, Annealed AMS4911 for 10mm
America, Washington DC (1998) - extracted from AMS 4900 and AMS-T-9046 for plates, documented thickness, Basis A documented in MMPDS-01
MPDB v7.71, Copyright 2014 by JAHM Software, Inc. in MMPDS-01

Used interpolations:

Ry =—-147-107T3+ 6,97 -1073T? = 1.312-T 4+ 325.28 R, = —9.57-1077T3 4+ 2.26 - 1073T% — 1.577 - T + 412.24 R, = —6.88-107°T3 + 6.61-1073T% — 2.520- T + 883.

For each evaluated peak temperature the yield strength is
then evaluated at a 5°C higher temperature
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Stress Evaluation

Upstream Window Downstream Window
/@ Titanium _ ‘
SS316LN | - (commercially pure) -
SAFETY FACTOR AGAINST SAFETY FACTOR AGAINST
YIELDING YIELDING

Necessary Margin

Underneath, safe Lower limit
operation is not Underneath
guaranteed the material
deforms
permanently

RUN 2 - RUN2 - HILUMI - HILUMI -

NORMAL FAILURE NORMAL FAILURE

OPERATION SCENARIO OPERATION SCENARIO
6V2H 80% 6V2H

RUN 2 - RUN 2 - HILUMI - HILUMI -

NORMAL FAILURE NORMAL FAILURE
OPERATIO SCENARIO OPERATION SCENARIO
6V2H 80% 6V2H

S, = safety factor against yielding (permanent deformation)

around reached temperature; always conservative
R, =yield strength of the material
0e.q= €quivalent v. Mises stress

The expected stress levels in the windows are

m @ too high for a long-term and reliable operation
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Stress Evaluation

Upstream Window

SS316LN| aw

SAFETY FACTOR AGAINST YIELDING

Necessary Margin
Underneath, safe
operation is not

guaranteed
Lower limit
Underneath,
the material
deforms

permanently

HILUMI - HILUMI - HILUMI - HILUMI - HILUMI - HILUMI -
NORMAL 6V2H RETRIGGER -RETRIGGER -RETRIGGER -RETRIGGER -
OPERATION TIME DELAY TIME DELAY TIME DELAY TIME DELAY
4US 14Us 73US 86US

The expected stress levels in the window are
too high for a long-term and reliable operation

e NS
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Stress Evaluation

Downstream Window

_oY

Titanium
(commercially pure)

SAFETY FACTOR AGAINST YIELDING

Necessary Margin
Underneath, safe
operation is not

guaranteed
© © Lower limit
° = Underneath,
the material
deforms
permanently

HILUMI - HILUMI - HILUMI - HILUMI - HILUMI - HILUMI - HILUMI - HILUMI -
NORMAL 6V2H RETRIGGER RETRIGGER RETRIGGER RETRIGGER RETRIGGER RETRIGGER

OPERATION - TIME - TIME - TIME - TIME - TIME - TIME
DELAY 5US DELAY 31US DELAY 34US DELAY 70US DELAY 73US DELAY 95US

The expected stress levels in the window are
too high for a long-term and reliable operation

e NS
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Stress Evaluation

Downstream Window

Titanium | o ’

(TiBAI4V)

SAFETY FACTOR AGAINST YIELDING

@
™

o)
N
™

3.15
3.06

Necessary Margin
Underneath, safe

operation is not
uaranteed -
g Lower limit
Underneath,
the material
deforms
permanently
HILUMI - HILUMI - HILUMI - HILUMI - HILUMI - HILUMI -
RETRIGGER - RETRIGGER - RETRIGGER - RETRIGGER - RETRIGGER - RETRIGGER -
TIME DELAY TIME DELAY TIME DELAY TIME DELAY TIME DELAY TIME DELAY
73US 95US

5US 31US 34US 70US

The expected stress levels for an upgraded window made
of Ti6AI4V is acceptable for the considered load cases

Ly Y @
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Summary

Both windows not suited in > Upgrade with Titanium Ti6Al4V will
their current state for HiLumi ensure survival for considered load

or end of Run3 Cases

= Core Is not studied because . Fyture collaboration with NTNU

of lack of data promising = After the start of tests
> 8 months necessary before
reliable data is available

0 Comp|ete loss of deflection » Influence of material density change
possible case with unknown on FLUKA result |
Hocts » Until now not possible to simulate
€ the risk of radioactive contamination

Further open points:
Leaks, Vibration, Monitoring of the Device, ...?

Clear Functional Specification for
the dump assembly necessary

: i U | CERN
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Real Data Acquisition

During technical stop increase of acquiring rate for the N2-
gas pressure to 1kHz with same trigger as for vibrometers

= Data analysis ongoing if there are pressure spikes causing
additional loosening of collars and consequently leading to
leaks

= Modal analysis ongoing to identify Eigen-frequencies
and —modes of the dump structure

= Intervention made aware of severity of impacts on the
structure during normal operation

= Again, vibrations were not considered to occur during
the design of the device
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Horizontal Displacement

Modal Hammer 270MJ beam
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Summary Vibrometers

Easy accessible signals in TIMBER
('TDE.UD68.B1.VIB:POSITIONUPSTREAMALIGNED, ...)

= The actual data files are stored in dfs with a
sample rate of 200kHz

= Signal lost during high-energy dump
- not clear what the permanent
displacement is

= Loss of signal could be due more severe _@
“vibrations” than expected ﬂf‘
-> loss of reflected light beam |

i i CERN
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Thanks for your Attention

Thanks to everybody contributing to the retrieved simulation results and the preparation of the
technical stop. Especially Matthias Frankl and Christoph Wiesner for numerous
Cm explanations and the provided input data for the simulations.
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= Backup
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kickers

Extraction _\ Extraction septa Dilution kickers Dump block + shielding

Passive protection '\ f Passive protection
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Vacuum line Entrance window

Schematic overview of beam dumping system without Q4 (LBDS)

The only devices covered by the presented work are the entrance window and the Dump.
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Upstream Window

15mm CfC plate placed in
the stainless-steel flange Stainless steel
with transversal isotropic SS316LN__
material characteristics

= 200um thick stainless-steel  vw
foil welded to the flange on
top of the CfC plate to
separate machine vacuum
from Nitrogen-gas

atmosphere N2-atmosphere
= Beam spot size m
dom|nates stress HELICOFLEX gaskets
. ensure leak tightness
generaﬂon B

Source:
https://edms.cern.ch/document/1867550/1

HiLum ’ o | _ _ .
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https://edms.cern.ch/document/1867550/1

Dump

= Approx. 8.4m long graphite
core with a diameter of

700mm and a graded e
density of 1.2g/cm”3 and B Stainless Steel
17glcm/\3 Uranu 45 |

= 12mm thick, duplex
stainless-steel welded

pressure vessel e
High Density

Graphite

= Surrounded by approx.
1000t of concrete/steel
radiation shielding Flxile Graphite:

SIGRAFLEX L20012-C

High Density Graphite:

SIGRAFINE R7300 P500, shrink fitted
Source:
https://edms.cern.ch/document/1867550/1
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Low Density Graphite Sector




Downstream Window

= Window keeps Nitrogen Stnoss Stco
. . ranus
Inside (SS.318LN)....
= |t separates the dump core 73%@
from the external " 10mm Titanium

Grade 2

environment (if it breaks,
the cavern gets
contaminated)

= Beam total intensity
dominates stress
generation, due to showers
caused by the dump core

N2-atmosphere

HELICOFLEX gasket
ensures leak tightness

Source:

https://edms.cern.ch/document/1867550/1
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= Material Tests
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Oxidation Studies (performed by SGL)

https://edms.cern.ch/document/1848986/1
Oxidation Tests of graphite (Sigrafine R7300 and Sigraflex) finalized

Mass Loss
Temperature Time Atmosphere Sigrafine Sigraflex Comment
2500°C 1s 15ml Air 0.03% 0.11% Mean of 3 samples in 5 experiments
2500°C 10s 150ml Air 0.66% 0.99% Mean of 3 samples in 5 experiments

Mean of 3 samples in 2/3
2500°C 100s 1200ml Air 5.80% 16% experiments;

Standard deviation: 7.4%/16.5%
1200°C 1000s Air 3.96% 25.50%  Mean of 6 samples in 1 experiment
1200°C 100s Air 0.49% 2.50% Mean of 5 samples in 1 experiment

15000.(: ; C.OOI : Mean of 2 experiments with 1 sample
down in air to 10s - 20s Air 1.6% 2.5%
150°C each
- Mass loss for all tests at the surface SEM picture of cross section of a Sigraflex sheet
(max depth at 1200°C of 1mm) due 1000s at 1200-C

to high temperature

- No permanent change of material
properties found (density, Young's
modulus)

—> Violent exothermic reaction
excluded

- Nitrogen gas is not inert at
T>1500°C Argon

Air


https://edms.cern.ch/document/1848986/1
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PRE STUDY ON

SIGRAFLEX TENSILE
PROPERTIES

Filippo Berto, Antonio Alvaro




Pre-study on SIGRAFLEX tensile properties

Specimen positioning
As delivered sigraflex sheet with respect to the

sigraflex sheet

e
vttt s LI

Specimen design

1/7¢

85
21 32

20
8
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Experimental Methodology

Work and Material of Filippo Berto and Antonio Alvaro

= MTS equipped with 1 and 5 KN load cell (NTNU lab
with DIC provided by SINTEF);

= Four strain rates (ranging from to 3.13E-4 to 3.13E-1
1/sec);

= Two parallels for each strain rate;

= Two cameras Digital Image Correlation (DIC) for strain
analysis of both front (blue surface) and S|de (green
surface) of the specimen;

o 8th HL-LHC Collaboration Meeting - Tobias Polzin - EN-STI-TCD



Example Result

Side

Results: specimen 0.01B

—=&— Machine log

—&— DIC_Front_Full

5 | =& =DIC Front Short

—&— DIC_Side_Full
4 |- 4 — DIC_Side_Short
©
o
s 3
@
2
&, p
1
0 ]
0 0.2 0.4 0.6 0.8 1 1.2 1.4

Strain [%]
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= Operational Feedback
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All Dumps from 2012 on until 04.10.18

Energy sent to the dump (Beam 1) Energy sent to the dump (Beam 2)
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Vibrometers

> Interférométre Downstream
/// -
N " R
JP.Corso le 10,02.2017 //// Intégration Interférométres UD62 EYETS16-17
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Interférométre Upstream

Interféromeétre Downstream

By — Intégration Interférometres UD68 EYETS16-17

70827625 01 UD6B: ation EVETS17 —

G (&)



All Dumps from 2018 until 04.10.18
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Physically not possible ...
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TDE.UD62.B2.VIB:POSITIONDOWNSTREAMALIGNED

Almost Zmm

TDE.UD62.B2.VIB:POSITIONDOWNSTREAMHORIZONTAL

03.0500:00 04.0500:00 05.0500:00 06.0500:00 07.0500:00 08.0500:00

TDE.UD62.B2.VIB:POSITIONDOWNSTREAMVERTICAL

10.05 00:00
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06.05.2018 at 06h14

tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41lsUD68interferometer

—— UD68#positionUpstreamAligned 150-
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60 -
100 - -
E 40- g 5
£ £ £ o
o = 50- -
g O g 8
a [a) 8 —100-
720 -
=50~ —150-
740 -
_100- — UD68#positionUpstreamVertical —-200- UD68#positionUpstreamHorizontal
—60 - : : . : : : : : : . . : : .
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
Time after impactin s Time after impactins Time after impact in s
tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41sUD68interferometer
—— UD68#positionDownstreamAligned 0- \ 400 -
250 -
—250 -
0- i
) |'4~ e imm | e
3 —250- > =] 9
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= 2 —750- T
g —500- o o
£ IS £ 0-
] g g
@ —750- @ —1000- 3
o o o
n A ]
e —1000 - B _1250- e 00-
—1250 - —1500 -
—1500 - _1750- —— UD6B#positionDownstreamVertical —400 - —— UD68#positionDownstreamHorizontal
2 4 0 : : 24 0 i : 2 4 0 i 2
Time after impactin s Time after impactins Time after impact in s
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Supports of Connection Line




06.05.2018 at 06h14

tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41suUD68interferometer
—— UD68#positionUpstreamAligned —— UD68#positionUpstreamVertical 150~ —— UD68#positionUpstreamHarizontal
80 - 150 -
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60 -
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E 40- E £
=] =] 3
(= (= (=
= = = 0-
£ g % £
o 20- (1) ()
E E £
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a 0- a 0- o
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50" -150 -
-40
—200 -
-100 -
—60 - ; | | ! | | ! | | ! ! | ! ) | | ! |
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
Time after impact in s Time after impact in s Time after impact in s
tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41sUD68interferometer tdevib_2018-05-06_06h14m41sUD68interferometer
—— UD684#positionDownstreamAligned 0- —— UD68#positionDownstreamVertical w00 — UD68#positionDownstreamHorizontal
250 -
~250 - 300 -
0-
200 -
—500 -
g a0 2 :
c c - 100-
: \. J < :
£ -500- Y < <
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5 0SS Of sigha g 100
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—1000 -
—200 -
—1250 - -1500 - -300 -
-1500 - u 1750 - —400 -
0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05 0.00 0.01 0.02 0.03 0.04 0.05
Time after impact in s Time after impact in s Time after impact in s




Impact with Modal Hammer UD62
Downstream

DownstrHorizinMicronsWithoutOffsetcsv DownstrHorizinMicronsWithoutOffsetcsv DownstrHorizinMicronsWithoutOffsetcsv
6- —— UD62#positionUpstreamaAligned —— UD62#positionUpstreamVertical 75- —— UD62#positionUpstreamHorizontal
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-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
Time after impactins Time after impactins Time after impactins
DownstrHorizinMicronsWithoutOffsetcsv DownstrHorizinMicronsWithoutOffsetcsv DownstrHorizinMicronsWithoutOffsetcsv
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—— UD62#positionDownstreamAligned 6- —— UDB62#positionDownstreamVertical —— UD62#positionDownstreamHorizontal
10 -
7.5 -
4-
5-
5.0 -
= s 2- =
= = e
3 3 =1
= 0- =] £ 25-
o o "
(= (= c
a ag O- b}
£ £ £
g g g 00-
8 -5- ko ©
Q Q Q
v v —2- 0
a a 8 ,5-
—10-
4.
_5.0-
—15 -
- -75-
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
Time after impactins Time after impactins Time after impactins




Summary Vibrometers

= TIMBER variable names for vibrometer data:
'TDE.UD68.B1.VIB:POSITIONUPSTREAMALIGNED,
'TDE.UD68.B1.VIB:POSITIONUPSTREAMHORIZONTAL',
'TDE.UD68.B1.VIB:POSITIONUPSTREAMVERTICAL'
'TDE.UD68.B1.VIB:POSITIONDOWNSTREAMALIGNED',
'TDE.UD68.B1.VIB:POSITIONDOWNSTREAMHORIZONTAL',
'TDE.UD68.B1.VIB:POSITIONDOWNSTREAMVERTICAL'

"TDE.UD62.B2.VIB:POSITIONUPSTREAMALIGNED/',
‘TDE.UD62.B2.VIB:POSITIONUPSTREAMHORIZONTAL',
'TDE.UD62.B2.VIB:POSITIONUPSTREAMVERTICAL'
‘TDE.UD62.B2.VIB:POSITIONDOWNSTREAMALIGNED',
‘TDE.UD62.B2.VIB:POSITIONDOWNSTREAMHORIZONTAL',
‘TDE.UD62.B2.VIB:POSITIONUPSTREAMVERTICAL'

Ly | CERN
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= Simulation Methodology
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Used Material Data

Material Property

Material Temperature Young's Poissgn's Instantaneous Density Therm.al. Specific
Modulus Ratio CTE Conductivity Heat
[°C] [GPa] (1] [1/K] [kg/m*"3] [W/mK] [J/kgK]
STEEL 20 193.8 0.29 1.70E-05 7970 13.24 485.5
(Ss316L) 50 191.3 0.30 1.71E-05 7970 13.71 500.4
100 187.1 0.30 1.73E-05 7970 14.48 521.2
150 182.9 0.30 1.74€E-05 7970 15.23 538.8
200 178.7 0.30 1.76E-05 7970 15.96 553.5
SIGRABOND 0 80 0.2 7.0E-06 1500 4.0 625.0
(1501 G) 100 80 0.2 7.0E-06 1500 4.1 -
200 80 0.2 7.0E-06 1500 4.2 1037.0
Tit:‘:]riim 20 106.9 031 8.28E-06 4430 7.23 523.4
(Grade 2) 93 106.9 0.31 8.64E-06 4430 8.68 544.3
204 106.9 0.31 9.00E-06 4430 10.12 565.2
260 106.9 0.31 9.18E-06 4430 11.53 575.7
538 106.9 0.31 9.63E-06 4430 12.93 669.9
Titanium 20 110 0.31 8.75 E-06 4430 7.23 523.4
(Ti6AI4V) 204 97.1 0.31 9.35E-06 4430 8.68 544.3
316 90.5 0.31 9.05 E-06 4430 10.12 565.2
427 81.6 0.31 8.16 E-06 4430 11.53 575.7
SS316L Designer Handbook, Specialty Steel Industry of Titanium CP2, Annealed Ti TiI6AI4V, Annealed AMS4911 for 10mm
North America, Washington DC (1998) - extracted from AMS 4900 and AMS-T-9046 for plates, documented thickness, Basis A documented in MMPDS-01
MPDB v7.71, Copyright 2014 by JAHM Software, Inc. in MMPDS-01

I_L|I!I-% PH[}JECTI \
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1.
0.
0.
3.
5.
*DE

NEFRPRPRUNOR

2
*DE

NNRPRUNOR

1 0.797E+04
0.0 20.0
938E+11 1.938E+11
29 0.30
170E-04 0.170E-04
018E+08 3.018E+08
600E+06 5.600E+06
FINE_CURVE
9999991 0
.00000000VVVE+02
.0000000VVVVE+00
.000000000VVVE+01
.000000000VVE+01
.00000000VVVE+02
.500000000000E+02
.00000000VVVVE+02
.00000000VVVVE+03
FINE_CURVE
9999992 2]
.00000000VVVE+02
.0000000VVVVOE+00
.000000000VVVE+01
.000000000VVVE+01
.0000000VVVVE+02
.500000000000E+02
.0000000000OE+02
.0000000000OE+03

UUNO®O® R

Material Modelling in LS-Dyna

50. 100.

150.

$ Steel SS316L: Designer Handbook, Specialty Steel Industry of North America, Washington DC (1998)
$ extracted from MPDB v7.71, Copyright 2014 by JAHM Software, Inc.
*MAT_ELASTIC_PLASTIC_THERMAL

200.0

.913E+11 1.871E+11 1.829E+11 1.787E+11
.30 0.30
.171E-04 0.173E-04 0.174E-04 0.176E-04
.750E+08 2.493E+08 2.354E+08 2.239E+08
.731E+06 5.816E+06 5.913E+06 6.184E+06

RPRRPRRRRR

[V BNV, IRV, BT, BV, T N NN

1.000 1.000
.324000000000E+01
.324000000000E+01
.324000000000E+01
.371000000000E+01
.448000000000E+01
.523000000000E+01
.596000000000E+01
.596000000000E+01

1.000 1.000
.746000000000E+02
.746000000000E+02
.855000000000E+02
.004000000000E+02
.212000000000E+02
.388000000000E+02
.535000000000E+02
.535000000000E+02

*MAT_THERMAL_ISOTROPIC_TD_LC

1
9999992 9999991

0.30

0.000

0.000

0.30

0.000

0.000

Bilinear model necessary
in LS-Dyna to consider
temperature dependency

A ()
o u

=
Lt

& £

Ei-¢€ e<gy
Ey - (e—&)+E g €25

o(e) =



Load Application

For the presented work,
the energy deposition
density of a single bunch
IS simulated in FLUKA
for the different bodies

/N

The energy depOSItlon Energy deposition of one Bunch Python Seript
density is then

Interpolated on the finite
element mesh in the
simulation, based on the Sweep pattern -
changing impact location

over time (processing of

1E9 - 1E10 data points)

L]
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Load Application

Longitudinal Profile

= Inreality the beam has a [overimposedsunches |
bunch spacing of 25ns and 2 ]
a bunch length of a few £
single ns 0
= In the simulations a
continuous distribution 1ok &
over these 25ns was S S T TS SO See
assumed e
Figure 5: 25 ns slot population as measured by the LDM
during a Van Der Meer_scan with ions at 1.38 TeV (Fill
3540). Difterent colors correspond to different (superim-
For protons at 6.5TeV/7TeV posed) slots.

in the LHC it is even shorter

i i , CERN
HL-!F% PH[}J_ECTl \
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Bilinear Kinematic Hardening Gruneisen EOS + Johnson Cook

21.4 4 — Se+06 2144 - Se+06
21‘2__ I 212 | |
i I 4e+06 ] - 4e+06
21—_ 21 -
g ] I ¥ ;3 086
N _—39+D6§ ~sna] I e+ E
L=
g i B Good  agreement  of 3
~ s
206 r 2506 F
£ oo § pressure for long and .
s h .
short load application. I
204 20,4 Both are “instantaneous”
[ o 1 for the material o
20.2 — 25ns_Temperature : 202 — 25ns_Temperature :
7 === Sns_Temperature | b ---- Bns_Temperature
— 25ns_Pressure 7 — 25ns_Pressure
---- 5ns_Pressure i T ---- Bns_Pressure
20 -— ¥ 777110 o4+ ¥ """ 7770
0 1e-07 2e-07 38-07 42-07 5e-07 0 1e-07 2e-07 3e-07 4g-07 58-07
time / s time / 5

The following graphs show the difference in the temperature and pressure development for two different material models with
one impacting HL standard 25ns bunch in Ti6Al4V. The additional material model is a combination of a Johnson Cook
constitutive model and a Gruneisen equation of state to take possible strain-rate dependency into account.

The difference between both material models is based on the different Young’s moduli. For the EOS
the treatment of the titanium alloy was not clearly described.

In any case, no difference between the 5ns bunch length and the 25ns bunch length was observable.
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Load Application

Transversal Profile

Source:

= To remove numerical noise s oo o poUens 25200eal
during the interpolation N T remaic i the
between the FLUKA A G

was set to 1cm
around the peak
energy density

binning and the FE-mesh
all energy deposition
values lower than 0.1% of
the peak are setto O

Energy Deposition (J/g)
B
|

10 —

I [ | [ |

-2 -1 0 1 2

x (em)
Maximum energy deposition density of a HL
25ns standard single bunch in the graphite core
of the TDE

|
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Load Application

TDE - Front Window HL 6V2H - Graphite
Time = 0

Contours of Temperature 7.1978447¢+01
max=22, at node# 1 7.0312499e+01

6.8646550e+01
6.6980602¢+01
6.5314654e+01
6.3648705¢+01 _
6.1982757e+01 _
6.0316809e+01 _
5.3650861e+01 _
5.6984912e+01 _
5.5318964+01 _
5.3653016e+01 _
5.1987067e+01 _
5.0321119e+01 _|
4.8655171e+01 _
4.6989223e+01 _|
4.5323274e+01 _|
4.3657326e+01 _|
4.1991378e+01 _|
4.0325429e+01 _
3.8659481e+01 _
3.6993533e+01 _
3.5327584e+01 _|
3.3661636e+01 _
3.1995688¢+01
3.0329740e+01
2.8663791e+01
2.6997843¢+01
2.5331895¢+01

¢ 2.3665946e+01
2.1999998¢+01 _|

Temperature




Mesh Generation

Type Dimension Element Pictorial

SOLID164 8-Node
Explicit Structural

= The mesh is generated in 30 o —
i SOLID16810-Mode AN
ANSY'S Workbench to use the o Bxpict Tetrahecral
d d h t h i Structural Solid T
advanced meshing techniques
provided by the software 2p  |PLANELE2 +Node D
plicit Soli
paCkage Exolicit SHELL163 4-Node
e 3D |Explicit Thin Q
Structural Shell
Explicit BEAM161 3-Nod ‘
= Based on the format of the data Beam 3D Bt Beam S
exported to LS-Dyna, the LINK160 3-Node o
maximum allowed number of _Erfggsf}“ Spar (or /
nodes is 10 per element K167 3 Node -
Explicit P
Lin[:em 3-D E;glrlclt Tension-Only /
COMBI165 2-Node
- As hexahedral elements, ot smg T
. . Damper
only linear ones are possible - .
E’;ﬁ:‘f‘t 3-D MExa;;ISicit Structural .
Source:

ANSYS Manual

i i , CERN
HHI_-I!I-%LPJFH}J_ECTl \
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Mesh Generation

Element size is determining the discretization of the geometric domain

= The resulting temperature- and displacement fields get linearized
between the nodes

= Determination is optimization between accuracy and computational
costs because each DOF increases the size of the system matrices to
solve

= Main influence is the beam spot size (discretization of caused heat
generation density field and resulting temperature field)

=  Maximum temperature or energy deposition density as measure for
sufficient element size in the region impacted by the beam

HiLumi ’ T | _ _ .
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Example of Upstream Window:
1EG6 linear shell elements

large element size
(Imm for the upstream window)

Small element size
(200um — 400um for the upstream window)




Stress Evaluation — Retrigger Scenario

Upstream Window

/

Delay time Maximum Maximum Densit Maximum v Minimum
v Density of ¥ . ) . v. Mises Stress Temperature Safety Factor
between of Energy Mises Maximum . . .
Energy I . for Minimum for Minimum Against
MKBs and e Deposition Equivalent Temperature
MKV Deposition (FLUKA) Stress Safety Safety Permanent
(LS-DYNA) Deformation
N
4us 241i4i (J)ﬁ/c;n 3 243.9)/cm3 160.9 MPa 81.8°C 160.9 MPa 77.9°C 1.6
- . ()
A
14ys | 206:32)/cm"3 405.5 J/cm3 200.1 MPa 126.1°C 200.1 MPa 126.1°C 1.2
(+0.2%)
N
73 us 20?'%3;({/?; 3 224.8 J/cm3 185.0 MPa 73.2°C 183.9 MPa 61.3°C 1.45
=1/ ()
A
86 us 305(5113/;? 3 293.0J/cm3 179.0 MPa 95.4 °C 168.4 MPa 95.4°C 1.48
. 0

The expected stress levels in the windows are
too high for a long-term and reliable operation
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Stress Evaluation — Retrigger Scenario

Downstream Window

Melting Temperature

Ti G2: 1670°C
4
Delay time Mamrnum Maximum Density Maximum v. . Minimum S:i\fety
Density of . . v. Mises Stress for ~ Temperature for Factor Against
between of Energy Mises Maximum . -
Energy i . Minimum Safety Minimum Safety Permanent
MKBs and g Deposition Equivalent Temperature .
MKV Deposition (FLUKA) Stress (Grade 2) (Grade 2) Deformation
(LS-DYNA) Titanium G2
A
5us 448('22 Jll;r)n 3 467.9 J/cm3 184.2 MPa 206.7 °C 179.9 MPa 200.5 °C 0.99
e 0
A
31us 444('02 i/ofr)n 3 459.53 J/cm3 180.9 MPa 205.1°C 176.3 MPa 202.5°C 1.00
- . 0
/A
34 us 467('5;3 Jz/ojr)n 3 483.24)/cm3 185.7 MPa 214.4°C 184.0 MPa 211.8°C 0.92
- 9. 0
/A
70 us 571('4;3 :3/0;r)n 3 587.74 J/cm3 209.3 MPa 255.5°C 203.6 MPa 250.4 °C 0.69
- 4. 0
/A
73 us 578('45 Jg/ojr)n 3 595.75 J/cm3 211.6 MPa 258.2 °C 210.2 MPa 250.6 °C 0.68
- 4. 0
A
95 us 457('6: i/;r)n 3 473.88 J/cm3 192.0 MPa 210.3°C 191.0 MPa 205.3°C 0.91
- . 0

The expected stress levels in the windows are
too high for a long-term and reliable operation

e M)
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Stress Evaluation — Retrigger Scenario

Downstream Window

. Maximum . . . Minimum Safety
Delay time . Maximum Density Maximum v. . .
Density of . . v. Mises Stress for Temperature for Factor Against
between of Energy Mises Maximum . .
Energy " . Minimum Safety Minimum Safety Permanent
MKBs and L Deposition Equivalent Temperature . - .
MKV Deposition (FLUKA) Stress (TiBAI4V) (TiBAI4V) Deformation
(LS-DYNA) Ti6Al4V
A}
5 us 448('22’ Jl/;r)“ 3 467.91/cm3 184.2 MPa 206.7 °C 184.2 MPa 185.5 °C 3.25
e 0
N
31us 444('03 i/f;" 3 459.53)/cm3 180.9 MPa 205.1°C 176.7 MPa 201.8 °C 3.32
- . 0
A}
34 us 467('5§ Jz/;r)n 3 483.24 )/cm3 185.7 MPa 214.4°C 184.2 MPa 211.5°C 3.15
= J. (o]
A}
70 us 571('43 é/;;n 3 587.74 )/cm3 209.3 MPa 255.5°C 207.3 MPa 263.7 °C 2.69
- L. (o]
A}
73 us 578('45 ;/O;;n 3 595.75 J/cm3 211.6 MPa 258.2°C 210.9 MPa 249.4°C 2.65
- L. (o]
A}
95 us 457('6: i/;;n 3 473.88 J/cm3 192.0 MPa 210.3°C 191.0 MPa 205.3°C 3.06
= J. (o]

Upgrade of downstream window to Ti6Al4V
will ensure survival for considered load cases

e M)
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