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Update of thermo-mechanical
studies for TCTPs (Pb ions)

L. Puddu, F. Carra BLM Thresholds Meeting (Pb run 2024)
29/10/24

Cm
\

N


https://indico.cern.ch/event/1471526/
https://indico.cern.ch/event/1471526/

QOutline

. Introduction

. Case la (halo heating)
3. Scraping

4. Conclusions

1 i CERN
Hil U |’ <\ ig
HL-LHC PROJECT 7/



Introduction

Proposal: increase the Final TCT master thresholds from 2023 Pb run by a factor 3

(at 6.8 TeV) Master Deposited power

threshold in jaw* at present

master threshold

RS06 (10 ms) 0.11431 Gy/s 2.3-6.6kW

RS07 (82 ms) 0.02859 Gy/s 0.6-1.7 kW
RS08-12 (0.6s- 0.01457 Gy/s 0.3-0.9 kW {‘.
82s)

Since, the thresholds for BPM are set on the impacting powers, the most conservative is case la
(it maximizes the power deposition on the jaw for a set impacting power):

Relative power deposition in TCT for the different scenarios (per impacting ion):

Case 1a Case 1b Case 2
Impacted jaw 65% 44% 7%
Opposite jaw 7% 14% 4%
Tank 3% 6% 2%
Total 75% 64% 13%
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Introduction

= Case 1: halo leakage of ions from IR7 to the TCTP collimator (TCTPV)
" A) impact of Gaussian beam (o,,,=0.425mm, 9mm impact parameter, half-gap=0.7mm)
= B) with tracking input: similar operational scenario, but based on real tracking simulations

" Case 2: accidental case (direct beam scraping on the TCTP).

(at 6.8 TeV) Master Deposited power

Time Power deposited Number of
threshold  in jaw* at present [kW] particles/second
master threshold

10 ms 20 3.43E+08
RS06 (10 ms) 0.11431 Gy/s 2.3-6.6kW
RS07 (82 ms) 0.02859 Gy/s 0.6-1.7 kW 82 ms 6 1.03E+08
RS08-12 (0.6s- 0.01457 Gy/s 0.3-0.9 kW
82s) 82s 3 5.15 e7




Results - Case la

20 kW — 10 ms

Equivalent
Temperature [°C] o stress [MPa]

172
14,752
12,293
9.8347
7.3761
4.9174
2.4587
5.2961e-5

37547
36374
35,202
34.029
32,837
31,684
30512
2834

28,167
26,995

Max: 47,289
Min: 26,995
10/28/2024 5:24 PM

Directional
Cootaner def [mm]

-0.028737

-0.043732

-0.058727 m
-0.073723

-0.088718

-010371

-011871

-01337




Results - Case la

6 kW — 82 ms

.. EQuivalent
o 19,651
Temperature [°C] e Stress [MPa]
14.738
36,84 12,282
35.748 09,8257
34,654 7.3693
33.56 49129
32467 24585
31.373 5.5766e-5
30279
#9186
28,002
#6,995
. o . .
s Max: 47.9°C Directional
40,093
o def [mm]
34.005
32.906
gggg; — 0.0012304
26.008 -0.013563
-0.028067
-0,044065 m
-0.0591 64
-0.074262
-0.089361
-0, 0446
-0,11956
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Results - Case la

3kW-82s

Equivalent
2 Stress [MPa]

° ] 28,874
Temperature [°C zuer
21,655
ar.272 18,046
20,583 14,437
new 10828
60,515 7.1187
53,825 3.6096
47.1% 0.00044392
A0.447
33757
27.068
Directional
def [mm]
-0.0045127
-0.028938
-0.053364
-0.077789
-010221
-0.12664
-0.15107
-0,17549
-0.19932

-0.22434




Results - Case la

Reminder:
* Yield stress CuNi pipes = 120 MPa
* Yield stress Inermet180 = 640 MPa

Deposited Tmax jaw [°C] Max deflection jaw Max stress [MPa]
Power [um]
20 10 e-2 47.3 27.0 27.0 133 22.1 18.0
6 82 e-3 47.9 27.0 27.0 133 22.1 21.5
82 105.5 31.9 44.6 220 32.5 65




Scraping 3kW, 20 s — Results

Evaluation of stress on inermet:

Simplified (and conservative) sub-model
m
0.5 mm

0.5mm 163 312
(0.2mm)

0.5mm (0.05mm) 163

WN Wi DN

1.9
277.28
242,63
207.98
173.34
138.69
104.04
60,399
34751
010456

Mesh 1mm, 0.5mm

50.00 100.00 {mm}
]
25.00 75.00
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Scraping 3kW, 20 s — Results

Equivalent
More accurate model: stress [MPa]

Entire model with finer mesh at the power peak

e Temperature [°C]

13241
Mesh 2mm, 0.5mm i

f 119,21
j 106,01
92,504 |
C 70,602
‘ 66.4 ’;'
, 53,100 . . |
‘ 20007 Directional
i 26,795 -0.00099072
-0.023266 def [mm]
| -0.045544
-0.067315
-0.09009
011237
-0.13464
-0,15691

-017919
-0.20146

Mesh: 0.5 mm, 0.05mm
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Scraping fast losses (0.1 s) — Results

Deposited Tmax jaw [°C] Max deflection jaw Max stress [MPa]
Power [um]
24.5 58.8

10 e-2 60.3 27.0 27.0 130

w oo

10 e-2 38.1 27.0 27.0



Conclusions

After the analysis of case 1a, an increase in BPM thresholds by a factor of 3
does not present any thermo-structural issues.

For the scraping scenario, the stress analysis on the inermet, which was
previously left incomplete, has now been concluded:

with a deposited power of 3 kW for 20 s, we reach approximately 50% of
the yield strength of the inermet (with the conservative sub-model).

if the thresholds are set as discussed before, we actually dump at

~ 400W in the case of scraping, so almost 1/10 less than what was
simulated
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Thank you for your attention
Questions?




