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Case studies

= Most loaded primary and
secondary collimators: TCP and
TCSP

= Design as those currently installed in
LHC but with thicker jaw

= Slow losses:
Primary collimator
— Accidental case: 0.2h BLT (10s)
Secondary collimator
- Nominal operation: 1h BLT
— Accidental case: 0.2h BLT (10s)
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Method

Tracking code

Energy deposition

Geometry
19/06/2019 14:20
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» Thermo-mechanical
simulations Ansys

Assumption

Stiffer structure than the
current one (LHC),
simulated with bonded
contacts between CFC and
Glidcop housing
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Secondary collimator

. . Collimator TCP 30cm
= TCSP most loaded jaw of the first Jaws O comTCR30cm L, ver Jaw, w/o TCPB
secondary collimator (TCSGAG6L) Primaries (kW)
_ _ _ TCP.D6L 147 7.7 6.5  -16%V
= Thicker jaw: 4.5 cm instead of 2.5 cm TCP.C6L 1587 99.2  79.7  -20%V
: TCP.B6L 2608 153.7 NA
= Skew TCP removed and thickness of .

. : . )
primary collimator jaws (30 c¢m 1ong) [ tcsG.A6L 209 2266 924  -so%v

increased from 2.5 cm to 3.5 cm TCSG.B5L 106  13.9 9.8 29%V

\L—_‘” ' M Va ras teh ‘ o Energy deposition studies: 30cm TCPs with thicker jows and no skew

CERN - FCC collimation design meeting #14

Power density on the First Secondary
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4.5cm Jaw, w/o TCPB .
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Y Energy deposition studies: 30cm TCPs with thicker jows and no skew
‘ M. Varasteh ‘ o
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Results - 1h BLT

Type: Temperature
Unit: °C

Time: 1
28/03/2018 13:39

163.62 Max
F 14844
| 133.26
118.08
102.9
87.721
72.541
57.36
4218
27 Min

Type: Stress Intensity
Unit: MPa

Time: 1

17/06/2019 15:37

. 217.28 Max

158.64
100 =———> 0'
85.727

. 71455
i 57.182

4291

28.637
I 14.364
0.091895 Min
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Thax = 164 °C

Cooling water at T = 27 °C (constant)

Plasticity downstream

y CuNi 90/10

Type: Directional Deformation(Z Axis)
Unit: pm

Qlobél Coordinate System DeﬂeCtlon = 262 l,lm
Il;?gé/lzols 15:33

185.39 Max
E 156.2
127
| 97.812

68.619
39427
10.234
-18.958
-48.15
-77.343 Min

» Moderate temperature on the overall
collimator, with local peak - improved
pumping system could be beneficial

» Jaw assembly survives  without
plasticity (except pipes)

» Deflection away from the beam

> Low stresses on the CFC absorber
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Results - 0.2h BLT

Type:oTemperature Unit m .
;'Jir:r:t;: 1Cl,01 Tmax — 330 OC ?_ilr?‘::aIICoordinateSystem De'ﬂeCUOn — 375 I.Jlm
17/06/2019 16:01

Type: Directional Deformation(Z Axis)

17/06/2019 15:55

. 246.4 Max
204.65

330.12 Max
H 296.44
- I 162.91

262.76
‘ 229.08 12117
1954

161.72
128.04
94.36
60.68
27 Min

79425
I 37.682
| -40612

| 45804
-87.548
-129.29 Min

Type: Stress Intensity
Unit: MPa

Plasticity downstream

07/12/2017 11:41

304.34 Max
H 202.17

100 — H

i O, CuNi 90/10

71.482

57.223

42.964

28.705

14.446

0.18733 Min

» High temperature - but for 10 s

» Jaw assembly survives without
plasticity (except pipes)

» Onset of plasticity on cooling
pipes could be addressed by
using different material
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Primary collimator

Collimator TCP 30cm

= Vertical primary collimator (TCPDG6L) Jaws oo T@x‘-“‘ Thicker Jaw, w/o TCPB
Primaries (kW)
= The most exposed collimator in terms TCPD6L 147 7.7 65  -16%V
of peak power density TCP.C6L 1587 99.2  79.7  -20%V
TCP.B6L 2608 153.7 NA

Thicker jaw: 3.5 cm instead of 2.5 cm  Ssecondaries (kw)

) TCSG.A6L 2209 226.6 92.4 -59% V¥
Active length 30 cm TCSG.B5L 106  13.9 9.8  -29%V

\L—_‘” ' M. Varas teh ‘ o Energy deposition studies: 30cm TCPs with thicker jows and no skew
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Peak power density on Vertical Primary

3.5cm Jaw, w/o TCP +1 cm
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Approach

COLLIMATOR STRUCTURE

L: Transient Thermal
Heat Flux

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

B Heat Flux: 10.9 W/mm?

Surface 300 x 1 mm

Heat flux equivalent to 3.27 kW
(total thermal load on the absorber)
t=10s

CFC ABSORBER

Symmetry Region
25/06/2018 09:11

W symmetry Region

Z =295 mm

Power deposition at Z= 145 mm |chm3] - Increments with 10% steps
] . s . e e >

107 il T -
i 1 IMost 1oaded half | |«
| E ALYl 1
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®or i Al
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! M
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Y - Absorber width (element #)

« Half absorber, the most loaded one

 Biased mesh down to 2.5 x 2.5 x
1000 pm

e 44400 W/cm? max thermal load
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Results — Collimator structure

Type: Directional Deformation(Z Axis) Type: Stress Intensity

ggg;ngoordinate System D efl e Cti 0 n ;Jirr\Yi‘te::l\;IPa N O p I aStI C

Time: 1 17/06/2019 17:31 1
17/06/2019 17:22 1 62 u m Stral n
294
! 261.33
W 2867

154.63 Max
! 136.68

11872
196
163.34
106.28 Max
65.337
32,671
0.0043142 Min

| 100.76

| 82.808
64.852
46.896

| 28.94
10.984
-6.9721 Min

Type: Stress Intensity
Unit: MPa

Ii;?gé/lZOIS) 17:26 N O p | aStI C
strain
f o

» No relevant issues for the jaw
structure - load concentrated on
the absorber

| 66.673

55.563

44454

25.845 Max
11.127
0.017752 Min
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Results - CFC absorber

Temperature
Type: Temperature
Unit: °C

Time: 11.01
25/06/2018 11:28

659.09 Max
. 588.5

517.92

44734

I 376.76
306.17

¢ 23559

165.01
I 94.425
28.843 Min

T

max

=660 °C

» Temperature high (smooth gradient)

» Vacuum issue? (t =10 s)

» Numerical
material limit = failure?

stresses higher

than

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

Unit: MPa
Cool
Time: 1
25/06/2018 11:02

n

I 29403

:

rdinate System

oy ¥ (weak direction)
45 MPa vs 10 MPa

44.863 Max
39.709
34.556

24.25
19.097
13.944
8.7904
3.6372
-1.516 Min

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

Unit: MPa
Coordinate System

oy ?* (strong direction)
127 MPa vs 150 MPa

Time: 1
25/06/2018 11.05

127.01 Max
! 109.58
92.15

1 74721

57.292
39.863
22433

5.004
-12425
-29.855 Min
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Results - CFC absorber

Temperature
Type: Temperature

T, .. =660°C

25/06/2018 11:28

The HRMT-23 case: max simulated T on CFC jaw:
685 °C (288b, 3.79E13p, 0 = 0.35 mm)

659.09 Max
! 588.5
517.92

44734

376.76
306.17
23559
165.01
94.425
28.843 Min

555555

zzzzzz

No failure observed
experimentally

x
L]
z ¥

Beam
> No failure demonstrated The HRMT-36 case: >1500 °C (grazing shot at 288b,
experimentally 3. 72E13p o = 0.25 mm) ->No failure observed

J m[nn “ll]llll |III‘IIII II!II‘I“[II"|IIII[IIII|I";[§IT“ |
. . l 4 u]unlml T

> Numerical model
overestimates stresses
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Conclusions

» Thermo-structural studies of most loaded primary (TCP) and secondary
(TCS) collimators of the FCC performed for 1h and 0.2h BLT

« Stiff structure considered for the conceptual design—=> bonded assembly

« Highest value of jaw deflection for the most loaded secondary collimator,
0.2h BLT, around 370 um away from the beam

« Highest temperature, 660 °C, on primary collimator for 0.2h BLT scenario
without CFC failure

« Collimators survive without permanent damage in spite of extreme loss
conditions

« Onset of plasticity on the cooling pipes could be cured with alternative materials
or geometry

Overall, high temperatures may lead to high outgassing ...
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What's next ?

Piezo Actuator

Actuator
Housing

Fibre Tracks

Beam
Direction
offsetform
centre of test
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What's next

HRMT-36
MultiMat

i
il

\
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Results - CFC absorber

B: Static Structural B: Static Structural

X Axis - Normal Stress - End Time Y Axis - Normal Stress - End Time
Type: Normal Stress(X Axis) Type: Normal Stress(Y Axis)

Unit: MPa Unit: MPa

Coordinate System Coordinate System

Time: 1 Time: 1

25/06/2018 11:02 25/06/2018 11:04

44.863 Max . 86.687 Max
E 39709

74.813
34556 62.939
29.403 51065
24.25 39191
19.097 E 27.317
13.944 15.442
8.7904 35683
36372 I -8.3058
-1.516 Min -20.18 Min

oy ¥ (weak) = 45 MPa

B: Static Structural
Z Axis - Normal Stress - End Time

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

25/06/2018 11:08
. 127.01 Max

109.58 n 110.45 Max

| 9215 98.177
74721 85.905
57.202 73.633

3 39863 61.361
22433 £ 40089
I 36817

5.004 24545
I —;2.452555 i I 12273
-29. in 0.0013549 Min
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Slow losses

- Power deposition (<)

1h BLT 0.2h BLT
TCSPere TCSPMgee TCSPMyoar TCSPcrc TCSPMpc TCSPMyocr
(LHC) (HL-LHC) (HL-LHC) (LHC) (HL-LHC) (HL-LHC)
Most loaded jaw 2 5 8.9 10 25 44.5
ABSOIDEIOTIOSE 0.4 11 4 2 5.5 20
loaded jaw
Total on collimator 4.5 12.6 20.7 22.5 63 103.5
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