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Introduction of the SPS beam dump
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Previous SPS beam dump - Design of
Tl DVG#3 Operating during 2014-2016

B Iron Shielding Copper Core Section A-A
l (EN-GJL-200) (OFE, C10100 HO02)

—

Tungsten alloy

Copper
(OFE, C10100 HO02)

1.

Aluminium
(EN AW 6082 T6)

Section B-B A Graphite

Shielding

Cooling pipes for shielding

Beam opening

Copper core
Cooling circuit for (Envelope+blocks
copper core

Leak in April 2016
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Post-mortem inspection of TIDVG#3

» Vacuum leak test remote inspection (July 2017)
* Radioactive device: 50mSV/h contact
 Leak testing was able to identify leak point
» Vacuum leaks were present on both longitudinal
welds around half way along the core
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ost-mortem inspection of TIDVG#3
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History of the SPS beam dump
Endoscopy inspection:

molten Al in TIDVG 2
TIDVG 1 Molten Al 2000-2004 (&3] ! TO0TD

TIDVG 2  Molten Al 2006-2013

TIDVG 3  Gr longer +200 mm Al shorter 2014-2016
Vacuum leak in April 2016- NO SPARE!
Justified by the fact that a new
generation dump was required by 2019-
2020

After the vacuum leak in April 2016:
* New design — TIDVG#4 for 2017-2018 operation
(previous design: extremely long manufacturing times)

Weak points of TIDVG1,2 and 3:

* High outgassing rates \ /
* No proper bake-out possibilities after installation R

* No internal instrumentation
* High uncertainty of cooling efficiency

.m' {3'“‘;

.,\/



Current SPS beam dump — TIDVG#4

Installation during EYETS 2017 (March)

Cast iron blocks (EN-GJL-200)
with embedded stainless steel

tubes \

Dump inside vacuum chamber
(SS 316L seamless tube)

Cooling circuit of the
upper half yoke

Cooling circuit of the
bottom half yoke

Absorbing blocks Cpper core cooling system:

Tungsten block (40 cm)

CuCr1Zr block (40 cm) 2xSS tubes '
in the upper oty
C18150 Cuhalf ~__

Graphite blocks (350 cm)

\'\ 2xSS tubes in
the bottom

Cuhalf — i

CuCr1Zr block integrated ;
into core. A perfect OUTLET  INPUT
thermal conductivity is
achieved (no interface)

e Limited time window: T sensors on all the parts (18 in total)
» Faster manufacturer, materials off-the-shell » T sensors for the water +1 flow meter
» Use of known technologies. No R&D » Copper core made of CuCrZr
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Material selection for TIDVG#4

* General material requirements for the SPS beam dump design:

Good thermal and mechanical properties— high power to be dissipated and high stresses due to
the beam impact

Materials available in needed quantities, sizes and easy to machine. Acceptable delivery times.
UHV compatibility
Avoid Al (molten in previous design)

Avoid any kind of welds

CERN specifications Additional treatments applied

Graphite Homogeneity Degreased
Isotropic properties Purified in Ar @ T>2000°C
Grade with low E and high tensile strength Vacuum fired @ 950°C at CERN

Tungsten alloy Homogeneity Degreased at CERN
Vacuum fired @ 950°C at CERN
CuCrZr Homogeneity Degreased at CERN
3D forged
Tube for Homogeneity + small grain size Degreased at CERN
vacuum 3D forged 316L as per CERN spec.
chamber Seamless
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Current SPS beam dump — TIDVG#4

Forging of SS vacuum chamber @ /4402 Vacuum Tungsten alloy
I J ey firing of the e —

S Gr blocks
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Current SPS beam dump — TIDVG#4

TIDVG#4 core fully assembled and
ready for insertion in the vacuum

Graphite inside the
CuCrZr core

s 3 # L
/ . 7-
— & gy =
d *

Final leak detection
(upstream/ water manifolds)

TIDVG#4 core fully
inserted (upstream)
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Current TIDVG#4- Installation

Installation during EYETS 2017 (March
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Operational feedback for TIDVG#4

Performance monitoring

1.29e+2

W4100-RD (°C)

W4100-LD (°C)

Gr583-LD (°C)

1.30e+2

4 O~
P-VACUUM-VGHB11860 (mbar) | 7.00e-8 P-VACUUM-VGHB11936 (mbar)
P-VACUUM-VGHB11879 (mbar) | 1.90e-7 P-VACUUM-VGHB11952 (mbar)

P-VACUUM-VGHB11931 (mbar) |1.10e-8 P-VACUUM- VGHB11959 (mbar)

| Beam intensity: 7.63e+11 charges I

| Beam energy: 4.00e+2 GeV |

|Average beam power over last 10 mins: 4.27e+1 kW|

IAverage beam power over last 10 SC: 4.83e+1 kWI

| Average beam power over last hour: 1.88e+1 kW |

Gr2915-LD (°C)

Gr583-RD (°C) [1.12e+2| C1519-RD (°C) | 1.48e+2 Gr1749-RD (°c) Gr2915-RD (°C)
98.5 C15

1.60e-9

6.00e-9

1.80e-8

1.51e+2 |13699-RD [

1.36e+2 [13699-1D (°C)

90.3
836

523

60.8

Gr583-RD

14 (-2) PT100 installed in the dump core

P
&y | @
) i
] EMCIMEERIML
L LaHAEI=EN T

31-July-2017

13



Operational feedback for TIDVG#4

325 $52500-U (°C) | 30.6

YO37-RU (°C) |28.7 : ;

YO37-RD (°C) |28.5 1} §982000-D(°C) | 506 2500-D (°C) |30.1

4 PT100 on the SS vacuum chamber
2 PT100 on the shielding

WER @ 31-July-2017
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Operational feedback for TIDVG#4

FLOWSWITCH-C-OUT | Water on FLOWSWITCH-YO-OUT | Water on

X @
[T Wei370 weises ezt |

R
9.2

i ¥ 3 :
L _’ L _J N WATER-C-OUT (°C)
1B I

WATER-C-IN (°C) |279

FLOW-C-OUT (m3/h) | 5.2 WATER-Y-IN (°C) |28.1 WATER-Y-OUT (°C) | 27.9

FLOW-TEMP-C-OUT (°C) |29.8

Sensors located in the water:
= 2 flow-switches
= 4PT100In the water

= 1 water flow sensor (water flow and outlet T)
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Operational feedback for TIDVG#4

Commissioning beams:

Average
power

(kW)
LHC 440 1.10*10% 48 5.3*1012 2h30 9
LHC 440 1.25*10% 72 9*10%2 4h 16
LHC 440 1.10*10% 144 1.6*10%3 3h 27
LHC 440 1.10*10% 288 3.2 *1013 1h30 55

p Bunch # Continuous

Beam Type : :
I GeV/c| Intensity |Bunches | Intensity |beam dump

» Dedicated commissioning beams have been requested
In order to validate the performances of the dump (cross-
check with simulations) as well as to condition the graphite

= TIDVG4 is designed for continuous deposited power of
~60 kW continuously
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Operational feedback for TIDVG#4

Behavior under 48b beam

—— TIDW G A1892: TEMP_C1519_LD - TIDWG.11892: TEMP_C1518_RD  — TIDWG 11892 TEMP_CAG19_RU - TIDWVG 11802 TEMP_CUZG629_LD TIDW G 11892 TEMP_CU3629_RD - TIDVG 11802 TEMP_GR1748_RD  — TIDWGE 11292 TEMP_GRZ915_LD
—— TIDW G 11802: TEMP_GR2Z915_RD TIDWE. 11892 . TEMP_GRS3Z_LD  —- TIDWG.11892: TEMP_GRS33_RD - TIDWGE. 11892: TEMP_SS1000_D -» TIDWG. 11892: TEMP_SS1000_U - TIDWG.11892: TEMP_SS2500_D - TIDWG.11892: TEMP_SS52500_U
TIDWG 11892, TEMP 4100 _LL - TIDWG, 11892 TEMP_W4100_RL

Gr1749_RDr74 °C

70

C1519 RD t 68 °C

AR TRRTTEF TR IRTTTRITTFT 1Y LR L L DL LRy

N

WWWMWMWWMWWMW

bO~43°C

SS1000_U~ 29 °C

T
1830 1900 1930 20:00 20:30 21:00 21130

LOCAL_TIME
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Operational feedback for TIDVG#4

48b: 2" Graphite block. Gr1749_RD

72b: 2™ Graphite block. Gr1749_RD

90 140
80 _ 120
70 — )
T o <100
g 50 s 80
£ 40 g 60 . .
g 30 g Discontinuous
£ 20 = .
1]
2 20 dumping
0 0
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Time (min) Time (min)
—PT100 —ANSYS —PT100 _ANSYS
48b: Copper jacket. C1519_RD 72b : Copper jacket. C1519_RD
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Operational feedback for TIDVG#4

48b: Copper block. Cu3699_RD

72b : Copper block. Cu3699_RD

60 70

50 60
2 P — \ g 50
@ 1]
2 30 /”' N— 5%
m el
s 20 E. 30
£ € 20
& =
# 10 10

0 0

0 50 100 150 200 250 0 100 200 300 400 500
Time (min) Time (min)
—PT100 —ANSYS ——PT100 —ANSYS
Good agreement (within ~25%)
48b: Inermet block. W4100_RD 72b: Inermet block. W4100_RD
60 70
50 60 =
— o

o — = 50
£ 40 \ "
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Operational feedback for TIDVG#4
| ~Steady state at 144 bunches (27 kW deposited) Simulation for 27 kW

(144 bunches x 1.1*101!
I

totaI:1'6*1ol3)

144b: expected temperatures
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Conclusions

» TIDVG#4 successfully installed and operational according to
the project schedule

« Good vacuum performance with a fast conditioning observed
» Good thermal performance (tested for high power beams)

 Longitudinal electron beam welds along the core were
identified as the source of the TIDVG#3 leak and must be
avoided for future designs (using a seamless vacuum chamber)

» Lessons learnt for TIDVG#5 design (installation in 2020)
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Thank you for your attention.

Do you have any questions?

Acknowledgements: J. A. Briz, K. Cornelis, R. Esposito, S. Gilardoni,

B. Goddard, J.L. Grenard, D. Grenier, M. Grieco, J. Humbert, V. Kain, F. Leaux,
S. De Man, C. Pasquino, J. R. Poujol, S. Sgobba, D. Steyaert, F. M. Velotti,

V. Vlachoudis
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Future SPS beam dump (TIDVG#5)

External shielding

First
shielding

Absorbing blocks

SS vacuum chamber

Copper jacket




Future SPS beam dump: Prototypes

Hiping cuprous materials around
SS pipes (Fraunhofer):

The contact between the tubes is
made by diffusion bonding, like
welded. Perfect contact.
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Thermomechanical simulations

Beam Type | p*/bunch |Bunches Total | Time  of
GeV/c D+ continuou
S beam

FT (achleved) 1.40%10%° 4200 (5ns) 5.88*1018  70.0 -

LHC (25 ns) 450 1.50*101 288 (25 ns) 4.32*1013 40.8 -
- Energy den5|ty deposmon mthe TIDVG4 core Maximum power
e deposited on the

dump~76kW

)

i
=]
=1

s
o
o

CuCrZr absorbing part
sees the peak of energy

300

Energy density (Jfcm3/pulse

ra
o
=1

deposition
100 'j,-"
!
r 0 50 100 150 200 250 300 350 450
Z (cm)
ll'_"‘f- 'L:\‘I | i ,
".-"=|;HII'.-' @ 25 September 2017 TIDVG4 measurements - P.Rios Rodriguez (EN-STI-TCD) 25
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Thermo-mechanical analysi

Thermal

Steady-state combined LHC

J:1p 288b
Terperature &
Type: Termperature
Unit: °C

Tirne: 7.2e-008
30-Jul-17 16:08

469 Max
41151
37402
326,53
279.04
23155
184.06
126.57

41.59 Min

Energy density deposition in Graphite block

T .=469°C ¢

LHChcms:

250 L ’M il
200

150

100

Energy density (J/cm3a/pulse)

FT —

LHCrom -

MD ——

J1p 288b
Ternperature §
Type: Ternperature
Unit; *C

Tirne: 7.2¢-006
30-Jul-17 16:22

330.13 Max
208,00
266.03
233.07
2019
169.84
13778
105,72
73653
41.59 Min

o
Type: Temperature
Unit °C

Time: 7.2¢-006
30-Jul-17 16:24

378.75 Max
343.64
314.52
288.41
258.29
224.18
193.06
167.95

107.72 Min

. rd
JG.r]_J:p 288b 3

Type: Temperature

e Graphite

30-Jul-17 16:28

Graphite blocks & Cu core:
Copper

core

18'[

Graphite

— o 39152
o 7 Thax=379°C e

Tservice GrZZOOOOC

Tservice CuCrZr:4OOoC

T =155°C

2nd
Graphite

X 1p 288b
Grd
Type: Temperature

Tirne: 7.2e-008
30-Jul-17 16:26

469 Max
449,63
430.26
410.89

i T hax=469°C

294.67 Min

389.47 Max
4 368,65
- 347.84
] I k 32103
306.21
bloc block block
0 . N N . " 264,50
a 50 100 150 200 250 300 350 243,77 — (o]
Z (cm) 22296 T _389 -5
202.15 Min max
C
NN
CERNAY 9/25/2017 ”
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Thermo-mechanical analysis:

2nd Graphite block: Teenice ,=2000°C

Thermal 1*pulse of LHC gty ctural Tensile strength=60 MPa

T: chamfer 1e-4 OM-1st LHC pulse
Maxirmum Principal Stress
Type: Maxiraurm Principal Stress
Unit: MPa

Tirme: 5.5551e-005
03-Feb-17 15:46

P: Gr2 pulses LHCnom
Temperature Graphite
Type: Temperature
Unit: *C

Tirne: 7.2e-006
05-Feb-17 13:48

. 5.2899 Max

. X

159,12 b0

142,85 39061

o 33042

e 26423

94,064 L3804

77,801 13185

61.538 65656 —_ 3
45.275 T =175°C -0.0053454 Glmax 2.3 MPa
20.012 Min max 1st pulse LHC -0.66725 Min

T: chamfer 1e-4 ON-1st LHC pulse
Failure criteria

Expression: (8.6667e-9)*(S1+52+53) +(6.6667e- 17)*((S1-SH"2 +(52-S3) 2 +(83-5D)"2)
Tirme: 5.4051e-005
05-Feb-17 15:46

0.049302 Max
0.038593
0027884
0.017174
0.0064651
-0.0042441
-0.014953
-0.025663
-0.036372
-0.047081 Min

Christensen failure criterion for Graphite
in the worst case (combined LHC + FT10%)— OK
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Thermo-mechanical analysis

Thermal

J:1p 288b
Cublock

Type: Ternperature
Urit: *C

Tirne: 7.2e-006
30-Jul-17 16:30

. 294.09 Max
276.2

— 258,32
— 240,43
222,55
204.66
— 18677
168,89
151
132.12 Min

CuCrZr absorbing part:

Steady-state LHC

T hax=294°C /

max

Structural
1st pulse LHC

Tservice CuCrZr:4OOOC

Yield strength=280 MPa

C: ON-1st LHC
Equivalent Stress 2
Type: Equivalent (von-Mises) Stress
Unit: MPa

Tirne: 1.25132-005
05-Feb-17 12:39

308.07 Max
27386
238,65
205,44
1rLas
13102
loz8t
8.6

3439

0.18066 Min

;;;;;;;;
Type: Equivalent (ven-Mises) Stress
Lrwt: ME,

A MEs
Tirrve: 7.9551e-005
06-Feb-17 1328

zzzzz

O, =311.5 MPa
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Thermo-mechanical analysi:/

Thermal Inermet block: Structural —
Tservice IT180_800 C
Steady-state LHC + 10% FT 1st pulse LHC | Yield strength=500 MPa
) 1p 288b
Wifhlock
Type: Ternperature
ity *iC
Tirme: T.2e-006
30-Jul-17 16:32 Bquimlent S
Typz?: Equivalent fvon-hises) Stress

169.92 Max 'Iu'ir;:;:h;ia%ale-DDS

163,82 05-Feb-17 15:49
— 15771 ?g-fgi”ax
— 1516 60,669

145.5 59,543

50.018

139,39 40,192
— v

127,13 10715

121.07 0.88972 Min

114.96 Min Ovmax=89 MPa /
T __=167°C ¢

@ 9/25/2017 29



Maximum temperatures TIDVG#4

Maximum Temperatures (°C)
after steady-state of LHC

Graphite blocks 469
Copper jacket 330
CuCrZr absorbing block 294

Inermet block

170

—— )

{

mON [
LERN f‘l

31-July-2017
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