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The LHC and the TDE
- Qverview -
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The LHC and the TDE
- The Up-Stream Window -

Stainless steel

15mm

SIGRABOND Cf
HELICOFLEX gaskets

0.2mm SS316LN ensure leak tightness

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

The LHC and the TDE
- The Up-Stream Window -

CFC takes load of pressure

difference %j\

= steel foll separates the
nitrogen atmosphere from
the machine vacuum

= Steel foil suffers more than
the CfC under the beam

= Small beam emittance
dominates stress generation
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The LHC and the TDE
- The Core -

700mm
High Density N :
Stainless Steel

Uranus 45

3420mm

Flexible . | (SS 318LN)

5x 700mm
High Density

Flexible Graphite:

SIGRAFLEX L20012-C

High Density Graphite:

SIGRAFINE R7300 P500, shrink fitted
Source:

HlLU | CERN https://ledms.cern.ch/document/1867550/1
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The LHC and the TDE
- The Core -

)
= Dump core absorbs the ‘\
majority of the energy of the
beam about 300 MJ in Run2

= Peak temperature is in the
low density, flexible Graphite
with 1050°C for Run2

e Tobias Polzin - EN-STI-TCD



The LHC and the TDE
- The Down-Stream Window -

/)

10mm Titanium
Grade 2

f
/ Stainless Steel
Uranus 45
(SS 318LN)

HELICOFLEX gasket
ensures leak tightness

Source:
https://edms.cern.ch/document/1867550/1
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The LHC and the TDE
- The Down-Stream Window -

= Window keeps Nitrogen

inside

= |t separates the dump core
from the external
environment

= Beam total intensity
dominates stress
generation, due to showers
caused by the dump core
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New Beams and New Demands
- Energy and Intensity over Time -

History of Energy sent to the dump (Beam 1, just fillings)
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New Beams and New Demands
- Comparison of the Beams -

= Worst beam for up-stream window

__ |Run2(BCMS) ____ |Hi-Lumi(BCMS)
Energy 7 TeV 7 TeV

Intensity 2604 x 1.3E11 p+ 2604 x 2.0E11 p+

Emittance 1.37 pmrad 1.37 umrad

= Worst beam for down-stream window

_ Run 2 (standard 25ns) | Hi-Lumi (standard 25ns)

Energy 7 TeV 7 TeV
Intensity 2604 x 1.3E11 p+ 2748 x 2.3E11 p+
Emittance 2.6 ymrad 2.08 pmrad
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New Beams and New Demands
- Up-Stream Window Normal Operation Run 2

FrontWindow--R2-BCMS--6V4H
Time = 0

Contours of Effective Stress (v-m)

max IP. value

max=0, at elem# 1

Effective Stress (v-m)
9.3374216e+07

9.0261742e+07
8.7149268e+07
8.4036794e+07

8.0924321e+07
7.7811847e+07
7.4699373e+07
7.1586899e+07
6.8474425e+07
6.5361951e+07
6.2249477e+07
5.9137003e+07
5.6024530e+07
5.2912056e+07
4.9799582e+07
4.6687108e+07
4.3574634e+07
4.0462160e+07
3.7349686e+07
3.4237213e+07
3.1124739e+07
2.8012265e+07
2.4899791e+07
2.1787317e+07
1.8674843e+07
1.5562369e+07
1.2449895e+07
9.3374216e+06
6.2249477e+06
3.1124739e+06
0.0000000e+00 _}

Maximum v. Mises stress 93.4 MPa
Temperature in the peak 45.7°C
Yield strength at 100°C 250 MPa
Safety factor against yielding 2.67




New Beams and New Demands
- Up-Stream Window Normal Operation HiLumi -

TDE - Front Window - R3 - 6V4H
Time = 0

Contours of Effective Stress (v-m)

max IP. value

max=0, at elem# 1

Effective Stress (v-m)
1.4227346e+08

1.3753101e+08
1.3278856e+08
1.2804611e+08
1.2330366e+08

1.1856121+08
1.1381876e+08
1.0907632¢+08
1.0433387e+08
9.9591419e+07
9.4848971e+07
9.0106522¢+07
8.5364074e+07
8.0621625+07
7.5879177e+07
7.1136728e+07
6.6394279¢+07 _|
6.1651831e+07
5.6909382¢+07
5.2166934e+07
4.7424485¢+07
4.2682037e+07
3.7939588¢+07
3.3197140e+07
2.8454691e+07
2.3712243e+07
1.8969794e+07
1.4227346€+07
9.4848971e+06
4.7424485¢+06
0.0000000€+00 _|

Maximum v. Mises stress 142.3 MPa
Temperature in the peak 57.7°C
Yield strength at 100°C 250 MPa
Safety factor against yielding 1.76
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New Beams and New Demands
- Up-Stream Window Failure HiLumi 6V2H -

TDE - Front Window - R3 - 6V2H
Time = 0

Contours of Effective Stress (v-m)

max IP. value

max=0, at elem# 17667

max displacement factor=0

Effective Stress (v-m)
2.8624896e+08

2.7670733e+08
2.6716570e+08
2.5762406e+08

2.4808243e+08
2.3854080e+08
2.2899917e+08
2.1945754e+08
2.0991590e+08
2.0037427e+08
1.9083264e+08
1.8129101e+08
1.7174938e+08
1.6220774e+08
1.5266611e+08
1.4312448e+08
1.3358285e+08
1.2404122e+08
1.1449958e+08
1.0495795e+08
9.5416320e+07
8.5874688e+07
7.6333056e+07
6.6791424e+07
5.7249792e+07
4.7708160e+07
3.8166528e+07
2.8624896e+07
1.9083264e+07
9.5416320e+06
0.0000000e+00 _|

Maximum v. Mises stress 286.2 MPa
Temperature in the peak 85°C
Yield strength at 100°C 250 MPa
Safety factor against yielding 0.87
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New Beams and New Demands
- Up-Stream Window HiLumi Retrigger -

TDE - Front Window - R3 - 6V4H with an horizontal delay of -14us
Time = 0

Contours of Effective Stress (v-m)
max IP. value

max=0, at elem# 1

Effective Stress (v-m)
1.5259382e+08

1.4750736e+08
1.4242090e+08
1.3733444e+08

1.3224798e+08
1.2716152e+08
1.2207506e+08
1.1698860e+08
1.1190214e+08
1.0681568e+08
1.0172922e+08
9.6642755e+07
9.1556294e+07
8.6469834e+07
8.1383373e+07
7.6296912e+07
7.1210451e+07 _|
6.6123990e+07
6.1037530e+07
5.5951069e+07
5.0864608e+07
4.5778147e+07
4.0691686e+07
3.5605226e+07
3.0518765e+07
2.5432304e+07
2.0345843e+07
1.5259382e+07
1.0172922e+07
5.0864608e+06
0.0000000e+00 _|

Maximum v. Mises stress 152.6 MPa
Temperature in the peak 106°C
Yield strength at 100°C 250 MPa
Safety factor against yielding 1.63
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New Beams and New Demands
- Up-Stream Window Summary-

SAFETY FACTOR AGAINST
YIELDING

~
©
AN

Safety margin
Deals with
uncertainties

= Lower limit
Underneath, the
material deforms
permanently

RUN 2 - NORMAL HILUMI - NORMAL HILUMI - HILUMI - FAILURE
OPERATION OPERATION RETRIGGER SCENARIO
SCENARIO
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New Beams and New Demands
- Down-Stream Window Standard Run 2 -

TDE - Ti6Al4V Window
Time = 0

Contours of Effective Stress (v-m)
max=0, at elem# 1

Effective Stress (v-m)
8.9774472e+07

8.6781990e+07
8.3789507e+07
8.0797025e+07

7.7804542e+07
7.4812060e+07
7.1819578e+07
6.8827095e+07
6.5834613e+07
6.2842130e+07 _
5.9849648e+07
5.6857166e+07
5.3864683e+07
5.0872201e+07
4.7879718e+07
4.4887236e+07
4.1894754e+07
3.8902271e+07
3.5909789e+07
3.2917306e+07
2.9924824e+07
2.6932342e+07
2.3939859e+07 _
2.0947377e+07 _
1.7954894e+07

1.4962412e+07
1.1969930e+07
8.9774472e+06
5.9849648e+06
2.9924824e+06

0.0000000e+00

Maximum v. Mises stress 89.8 MPa
Temperature in the peak 81°C

Yield strength at 93°C 280 MPa
Safety factor against yielding 3.12




New Beams and New Demands
- Down-Stream Window Failure HiLumi 6V2H -

TDE - Down-Stream Window - HL6V2ZH
Time = (1}

Contours of Effective Stress (v-m)

max=0, at elem# 1

Effective Stress (v-m)
1.8775174e+08
1.8149335e+08
1.7523496e+08
1.6897657e+08
1.6271818e+08 _ |
1.5645979¢+08 _
1.5020140e+08 _
1.4394300e+08 _
1.3768461e+08 _
1.3142622e+08 _
1.2516783e+08 _
1.1890944e+408 _
1.1265105e+08 _
1.0639265e+08 _
1.0013426e+08 _
9.3875872e+07 _|

8.7617481e407 |
8.1359089e+07 _|
7.5100698e+07
6.8842306e+07
6.2583015e+07
5.6325523e+07
5.0067132e+07
4.3808740e+07 _
3.7550349e407 |
3.1291957e407
2.5033566e+07
1.8775174e+07
1.2516783e+07
6.2583015e+06
0.0000000e+00 |

Maximum v. Mises stress 187.8 MPa

Temperature in the peak 145°C
Yield strength at 200°C 140 MPa
Safety factor against yielding 0.74




New Beams and New Demands
- Core -

= SIGRAFLEX sheets are 2mm thick
= The core consists of approx. 1700 sheets
= Mechanical tests are very difficult and not finished, yet
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Outlook
- Material Characterization -

Cp provided from NETZSCH

1600 1800 2000

2
AV, . ~
1.8 .
CTE Heating
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1.6 r\
;;Z 1.4 SIGRAFLEX 2 mm - compression tests
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e ¥ : i —a —
0 200 400 600 i | ; — -
Temp. [°C 20 = —S$3_t2

Strain in compression [%]

Testing campaign on Sigraflex ongoing
(Thanks a lot to Laura Bianchi and MME!)

Source:
EDMS 1716417
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Outlook
- Installed Vibrometers -

= Simulations are just approximations of the reality

= Vibrometers are installed to verify simulations and
to see how good these approximations are

i i CERN
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Outlook
- Installed Vibrometers -

le14 LHC.BCTFR.A6R4.B1:BEAM_INTENSITY
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Outlook
- Installed Vibrometers -

Nitrogen

/ pressure!
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Outlook
- Installed Vibrometers -
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Conclusions

= Both Windows need an upgrade to ensure a safe
operation with HiLumi-beams.

= Until now it is not possible to say, if the graphite can
sustain a beam impact with Hi-Lumi.

= To evaluate the stresses for the core, material tests are
ongoing on SIGRAFLEX.

= Measurements of the dump response to a dumped
beam have to be done to verify the simulations.

= Vibrometers are already installed to do this in the future
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‘ HL-LHC PROJECT e Tobias Polzin - EN-STI-TCD



Thanks to
Matthias Frankl, Christoph Wiesner
Laura Bianchi, Maris Tall,
Antonio Perillo Marcone, Marco Calviani
and to all further contributors to this studies!
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