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TCSP case study

TCSP most loaded jaw of the first O mator  Tepsoem TCP 30em . 1P 3000 o8
secondary collimator (TCSGAGL) Primaries (kW) '

TCP.D6L 14.7 7.7 6.5 -16% 'V

Thicker jaw (4.5 cm instead of 2.5 cm) TCP.C6L 1587 992 797  -20%Y

Skew TCP removed and thickness of TCP.B6L 2608  153.7 NA

primary collimator jaws (30cm long) rm““"“““-‘km

ereased from 2.5 cm 16 3.5 cm TCSG.A6L 2209 226.6 92.4  -59%V
TCSG.B5L 106  13.9 9.8  -29%V

Slow losses ()] | M. Varasteh | Q framsersin s o i i ks v e

« Nominal operation: 1h BLT

« Accidental case: 0.2h BLT (10s)
Already presented at FCC meeting #15 on
08/12/2017
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TCSP design with stiffer structure than the
current one, simulated with bonded contacts
between CFC and Glidcop housing

Time (s')
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TCSP — FCC thermal load

Power density on the First Secondary
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| M V t h ‘ o Energy deposition studies: 30cm TCPs with thicker jows and no skew
| - varaste | CERN - FCC collimation design meeting #14
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TSCP case study

Geometry

0as12/2017 15:51 Geometry

08/12/2017 15:47
[ Carbon Carban (AC150) 12/

|:| Copper Mickel . Catbon Carbon (8C150)
[] Glidcop [ ] Copper Mickel
|:| Special Spring . Glidcop

. Stainless Steel |:| Special Spring

. Stainless Steel

+2 Ccm

A
\ 4
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Thermal analysis — results 1hBLT

E: FCC map 1h + 0.2h BLT with support_jaw_4.5cm_BondedContacts
Temperature

Type: Temperature

Unit: °C

Time: 1

28/03/2018 13:39

163.62 Max
! 148.44
133.26
‘ 118.08
T 102.9
87.721
72.541
57.36

42.18
27 Min

Cooling water at T = 27 °C (constant)

T
T, .. = 330 °C for 0.2hBLT

=164 °C (4.5 cm jaw)

max
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Structural analysis - results

G: Static Structural_1hBLT
Directional Deformation 3

Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System

Time: 1

28/03/2018 13:37

0.18539 Max
0.1562

. 0.127
0.097812
0.068619
0.039427
0.010234

n -0.018958

-0.04815
-0.077343 Min

Bonded contacts (stiff structure)

Thermal induced deflection (4.5 cm jaw) = 262 um

Thermal induced deflection = 375 um for 0.2hBLT
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Structural analysis - results

G: Static Structural_1hBLT
Stress Intensity

Type: Stress Intensity

Unit: MPa

Time: 1

28/03/2018 13:45

217.28 Max

Oy
CuNi 90/10

100

71.455

57.182

4291

28.637

14.364
0.091895 Min

DR WA |

Plasticity on downstream region of cooling pipes
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Summary

« 1h BLT scenario was simulated for a thicker TCSP
collimator jaw (4.5 cm) with FCC load ->conceptual study

« Maximum T = 164°C ->1/2 with respect to 0.2h BLT (330
OC)
 Thermal induced deflection 262 um vs 375 um of 0.2h

BLT, obtained with bonded contacts between CFC and
housing (structure much stiffer than the current one)

 Plasticity on the cooling pipes still present even if in a
smaller region = can be addressed with different cooling
pipes material
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FCC primary collimator — 0.2hBLT
FEA
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TCP case study

= Vertical primary collimator (TCPD6L)
= Thicker jaw=>3.5 cm instead of 2.5 cm
= Active length 30 cm

= Slow losses

 Nominal operation: 1h BLT

» Accidental case: 0.2h BLT (10s)

Collimator
Jaws

__Primaries (kW)

TCP 30cm

TCP 60 TCP_30
em i ™ Thicker Jaw, w/o TCPB

TCP.D6L 14.7

1.7 6.5 -16% 'V

TCP.C6L 158.7

TCP.B6L 260.8
Secondaries (kW)

TCSG.A6L 2209
TCSG.B5L 106

99.2 79.7 -20% ¥
153.7 NA

226.6 92.4 -59% ¥V
13.9 9.8 -29% 'V

Energy deposition studies: 30cm TCPs with thicker jows and no skew

\—" ' M. Varasteh‘ Q

CERN - FCC collimation design meeting #14

0.2h BLT
« TCP design with stiffer structure than 1 e
the current one, simulated with bonded 5x |
contacts between CFC and Glidcop
housing
Eteady-state Steady-state
Ix : —
Oms 10s 10ms t,
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TCP — FCC thermal load

Peak power density on Vertical Primary

x-y-z resolution: 5um, 5um, and 1cm

x-y-z resolution: 0.24cm, 1cm, and 10cm

2.5cm Jaw
& 60000 - - : : - -
E Positive Jaw < 4 1@ 100 "g
s 50000 I'\egative Jaw o 3 . P
Z 40000} 21 101 > The most exposed collimator in
8 30000 | 5 o il P é terms of peak power density:
& 20000} / > .1 . 5 Vertical TCP with a total power
J = o
S| § VRIE-B \hich is more than a factor of 10
x - -1 - -
o . 4 L w® less than the Horizontal Primary
a 0 . — : - 0.01 &
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§ 20000} iy 5 > | 5
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Q a
= 10000 < 3 _g ] g
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E deposition studies: 30cm TCPs with thicker j d no sk |
MVamsteh| Q) o e e . 2112007 | 6
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TCP case study

Geometry 21/06/2018 17:05
0af12720107 1951

~ Carbon Carbon (AC150)

[[] Carbon Carban (AC150) [ .
Copper Nickel

|:| Copper Mickel
i Glidcop
. Glidcop . -
|:| Special Spring ’_ Special Spring

[ Stainless Steel ~ Stainless Steel

2 approaches:
1. Check collimator structure
2. Focus on CFC absorber
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Thermal load — Approach 1

L: Transient Thermal
Heat Flux

Time: 10.01 s
21/06/2018 17:09

B Heat Flux: 10.9 W/mm?

=Surface 300x1 mm

= Heat flux equivalent to 3.27 kW
(total thermal load on the absorber)

=t=10s
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Structural analysis - results

M: Static Structural

Directional Deformation

Type: Directional Deformation(Z Axis)
Unit: mm

Global Coordinate System

Time: 1

21/06/2018 17:18

0.15463 Max
0.13668

0.11872

0.10076
0.082808
0.064852
0.046896
0.02894
0.010984
-0.0069721 Min

< U 3 Bonded contacts (stiff structure)

Thermal induced deflection = 162 um
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Structural analysis - results

M: Static Structural
Stress Intensity

Type: Stress Intensity
Unit: MPa

Time: 1

21/06/2018 17:21

25.845 Max
22.976

20.106

17.236

14.366

11.497

8.627

5.7572

2.8875
0.017752 Min

Oycuni = 100 MPa - no plastic strain

@)

@ 25/06/2018 G. Gobbi, M. Pasquali - CERN

ENGINEERING
DEPARTMENT




Structural analysis - results

M: Static Structural
Stress Intensity 2
Type: Stress Intensity
Unit: MPa

Time: 1

21/06/2018 17:26

106.28 Max

H 94.474
82.665

70.857

59.048

47.239

35431

23.622

11.813

0.0043142 Min

Oycig = 294 MPa - no plastic strain
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Thermal load — Approach 2

Symmetry Region

25/06/2018 09:11

B symmetry Region i Power deposition at Z = 145 mm [Vﬁilcrvn3]‘- Inf:rgmepts'with 10% steps «10*
Jl .|| 'Most loaded half |

e
T
—

N A simulated .
Z =145 mm ' ( E=T ) 1R

D ~
T
1
) )
o

X - Absorber depth (element #)
[9)]
N

4 | | |
Y z 3 I l h
2 : I 1
0.000 0.050 0.100 (m) -1100 -80 -60 -40 -20 0 20 46 60 80 100 ”
I T Y - Absorber width (element #)

. . ANSYS
= Simulation of half absorber sEms w2
(most loaded one) - 124 o s 25 2018
» Biased mesh (5 x5 x5 um at =

10:46:35

highest refinement point)
= 44400 W/cm?* as max resolved e —
thermal load

CERN E \y
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TCP — FCC thermal load

Total power per section

— I Power Deposition at Z = 145 mm I

P (W) ,)
%10%
5
X 0.048
4 Y. 0,003
Be)
|5 |Z: 4.658e+
23
c
o
Section .g
4 1 + 2 2
Section: 75 (14.5cm) Total Power 6894146 W g
g,
Power Values
Total Deposited Power per m3: 395443606 x 10" 14 W/m3
Total Deposited Power: 9.88609016 x10™~ 1 w
| Maximum Deposited Powerperm3: 543841996  x 10~ 10 W/m3 |
Maximum Deposited Power: 1.35960499 x10™ 2 W
Maximum Deposited Energy: 3.91566237 x10™ 7 Jfcm3
Hement Volume: 25 x10™ -13 m3
Total Volume: 1.2 x10™ € m

Xo-0.043

DY: 0.728 » |solated max = 54380 W/cm3
7 5.438e+04]

= Max on most loaded section
= 46580 W/cm?3 (it was
44400 W/cm? resolved by

- 'the mesh)
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Thermal analysis — results 0.2hBLT

A: Transient Thermal
Temperature
Type: Temperature

Unit: °C
Time: 11.01
25/06/2018 11:28

659.09 Max
! 588.5
517.92

44734
376.76
306.17
23559

Tyater = 27 °C (constant)

Kaig, Keuni
h — ﬂ+ Ni
e lGlid lCuNi

165.01
94425
28.843 Min

The HRMT-23 case: max simulated T on CFC jaw:
685 °C (288b, 3.79E13p, o = 0.35 mm)

0.100 .
. . No failure observed
experimentally ,
Beam I
Thax = 699 °C

The HRMT-36 case: grazing shot at 288b,
3.72E13p, o = 0.25 mm => No failure observed

@ @ 25/06/2018 G. Gobbi, M. Pasquali - CERN 19




tructural analvsis - results

B: Static Structural
X Axis - Normal Stress - End Time
Type: Normal Stress(X Axis)

Unit: MPa
Coordinate System
Time: 1
25/06/2018 11:02

44.863 Max
E 39.709
34556
29.403

24.25
19.097
13.944
8.7904
36372
-1.516 Min

oy~ (weak)= 45 MPa

0.00 50.00

25.00
B: Static Structural
Z Axis - Normal Stress - End Time
Type: Normal Stress(Z Axis)
Unit: MPa
Coordinate System
Time: 1
25/06/2018 11:.05

127.01 Max
. 109.58
19215
74721
57.292
39.863
22433
5.004
-12.425
-29.855 Min

0.00 50.00

25.00

75.00

75.00

100.00 (mm)

100.00 (mm)

B: Static Structural
¥ Axis - Normal Stress - End Time
Type: Normal Stress(Y Axis)

Unit: MPa
Coordinate System
Time: 1
25/06/2018 11:04

86.687 Max
F 74.813
62.939
51.065
39.191
27.317
15.442
35683
-8.3058

-20.18 Min

Max

0.00 50.00 100.00 (mm)
|
25.00 75.00

B: Static Structural

Stress Intensity

Type: Stress Intensity

Unit: MPa

Time: 1

25/06/2018 11:.08
110.45 Max

. 98.177

85.905
73.633

. 61361
49.089

- 36817

24545
I 12273
0.0013549 Min

0.00 50.00 100.00 (mm)
I

25.00 75.00
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Structural analvsis - results

B: Static Structural
X Axis - Normal Elastic Strain - End Time
Type: Normal Elastic Strain(X Axis)
Unit: m/m

B: Static Structural
¥ Axis - Normal Elastic Strain - End Time
Type: Normal Elastic Strain(Y Axis)

Unit: m/m
Coordinate System Coordinate System
Time: 1 i

Time: 1

25/06/2018 11:14 25/06/2018 11:17

F 0.0080808 Max

N

hyodtees W ormes
0.0061071 :

0.0051202 = -4.26e-5
0.0041334 -0.00010448
0.0031465 . -0.00016636
0.002159 -0.00022823
0.0011728  -0.00029011
0.00018592

-0.00035199
-0.00080093 Min I -0.00041387

-0.00047575 Min

ex* (elastic)= 8080 um/m

0.100 (m)
0.000 0.050 0.100 (m)
| I

I
0.025 0.075

0.025 0.075
B: Static Structural

Z Axis - Normal Elastic Strain - End Time
Type: Normal Elastic Strain(Z Axis)

Unit: m/m
Coordinate System

B: Static Structural
Directional Defarmation
Type: Directional Deformation(X Axis)

Time: 1 Unit: pm
ime: Coardinate System
25/06/2018 11:18 Time: 1

25/06/2018 11:22

7.1043e-5

0.00013075 Ma:
F 0.052823 Max

11341e-5 -19.511
-4.8362e-5 -39.074
-0.00010806 -58.637
-0.00016777 -78.2

-0.00022747 -97.764
-0.00028717 -117.33
-0.00034687 -136.89
-0.00040658 Min -156.45

-176.02 Min
0.000 0.050 0.100 (m) 0 5e+004 1e+005 (um)
I I r— ——
0.025 0.075 2.5e+004 7.5e+004
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Summary

* 0.2 h BLT scenario was simulated for a thicker TCSP
collimator jaw (3.5 cm) with FCC load - conceptual study

 Global structure: thermal induced deflection of 162 um
* No plasticity arising on the housing or the cooling pipes

« Maximum T = 659 °C on CFC absorber. Previous
experimental tests featuring similar peak temperatures
showed no failure on CFC absorbers

 Max thermal induced stress along X (weak direction) 45
MPa corresponding to 8000 um/m (elastic equivalent) -

o Glidcop-CFC bonding simulated as an infinitely rigid fixed bc

o Numerical analyses have shown to over predict stress/strain values (e.g.
HRMT-23, HRMT-36);
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Thermal analysis — results 0.2hBLT

L: Transient Thermal
Temperature

Type: Temperature
Unit: °C

Time: 10.01
21/06/2018 17:13

L: Transient Thermal

. 167.58 Max T
15196 emperature
1 e ‘Lrjy;?f:o‘(r:emperature
nit:
120.72 Time: 10.01
U 105.1 21/06/2018 17:16
L 89.481
73.86 167.58 Max
58.24 . 151.96
i 42.62 136.34
27 Min 120.72
pe 1051
| 89481
L | 7386

58.24
I 42.62
27 Min

Cooling water at T = 27 °C (constant)

T, = 167 °C

max
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Structural analysis - results

G: Static Structural_1hBLT

Stress Intensity 2
Type: Stress Intensity
Unit: MPa

Time: 1

25/06/2018 14:13

358.84 Max
5 318.97
279.1
| 239.23
‘ 199.36
159.49
119.61
79.743
39.872
9.5077e-5 Min
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