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MOTIVATION
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MOTIVATION
LHC beam loss protection

Optimise BLM threshold settings
(gain the time and money)

Integrated luminosity
(increase discovery potential of LHC)

Reduce of quench number
(reduce the number of thermodynamic shocks)
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Thermodynamics of magnet structure

Heat transport in the magnets
Characteristic of superconducting coils
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Thermodynamics of magnet structure
Heat transport in the cable

Rutheford type cable

MB magnet — inner layer
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Thermodynamics of magnet structure
Heat transport in the coil at 1.9K
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A heat transfer in the main dipole
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¢ Heat transfer from the conductor to the cold
source defines the temperature margin

¢ Electrical insulation is the largest thermal
barrier at 1.9 K against cooling
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Thermodynamics of magnet structure
Heat transfer in the magnet coil

A sketch of the heat transfer in the magnet
at nominal operations (a) and at quench limit (b).
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Thermodynamics of magnet structure

MB - arc magnet, T;=1.9 K
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> heat flow barriers

- cable insulation

- interlayer insulation (MQM)
- ground insulation

- helium channel around cold bore
(for temperatures above 2.16 K)

»bath temperature 1.9 K

- Transition Hell — Hel:
helium channels are blocked = less effective
heat evacuation due to the changing of heat
evacuation path

»bath temperature 4.5K

- lower temperature margin
(worst case: MQM 0.45K)

- Helium channels does not play dominating
role (heat conduction of He I and polyimide

is the same order)

LARP - SLAC

MQ - arc magnet, T;=1.9 K
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Network Model

Model construction
Model of the superconducting cable and coils
Simulations
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Network Model - Model Construction

TECHNICAL
DRAWINGS

detailed magnet

Hysteresis losses

OTHER

non beam induced

ROXIE Eddy currents, etc.

magnet field

A. Verweij

R. Wolf
Contribution to the quench level
is order of 1-2%

coil geometry

heat sources

distribution,

temperature

margin

MAGNET
FLUKA HEAT FLOW QUENCH
MODEL LEVELS

beam loss profiles

MEASUREMENTS

model validation

Material properties
at low temperature
CRYODATA
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Network Model - Model Construction

Quench heater GPI Collaring shoe
(0.21 mm) (4 x0.125 mm (0.7 mm)

Superconducting cables

\

Interl#¥er insulation ISShim
(0.025 mm) (1.5 mm)
cold bore insulation helium channel cold bore

(0.11 mm) (1.38 mm) (1.5 mm)

GROUND INSULATION
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Network Model - Model Construction
Helium in the Network Model
'

o Superfluid

Helium
-
FIRST RUN o”—o Nucleate boiling:
Helium temperature/ Narmalting a| . ‘
—9 — o"—o Convection

helium phase
switch

Helium

T=1.9/4.5 K|]

-

0”"—O0 Convection

T>T Gaseous
c 0/
Helium

-

matching
algorithm

The volumes occupied by helium in the magnet are considered as:
-the narrow channels,
-semi-closed volumes = inefficient inlet of fresh helium.

The steady heat load, heat up the helium in the semi- closed volumes:
-Helium temperature well above critical temperature at T, =4.5K
- Critical helium temperature reached already below the calculated quench limit
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Network Model - Cable modelling

_— n-channel

Cable

Adhesive polyimide

Polyimide tapes
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Network model of the superconducting cable
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Network Model - Cable modelling
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Network Model - Coil modelling

Interlayer Helium Cold  Cold

Collaring uench 2 *
Collar  shoe GPI SE,.,, Outer layer insulation Inner layer channel bore  bore
insulation

%

ONNANNNY

77 ) .
7
PLAII 77777 ‘,/.4'/( ///'/, ”Il/”l{/[js]/ / 7 r/IIII(é ///// ////””//// ,/, ””/ 77

PP

Al Sl Al Al Al 5" / //'I/}//////I///I//////I//////I///I///////I//I 7

\\\\

DOQ—O—leﬁs&\#o‘ot..«/’f ./b0m¢s~~,+s+oyoﬁ’¢q

VA LA LS AL LS LSS SIS S LSS LS LTSS LA LSS LSS LTSS LSS S S S S WAL LS LA S AL LS LSS LSS S S
/’/ ///.///'/I///”/ﬁ’////”/”//////ﬂ”////”// A g]%%%f/ﬂ””ll/f/]/ﬂ” ﬁ
7

/;’. : "*“"*”"“"/ ,000—0—0&'\&\.&\&"0‘004
Z ;7//,/7/ //}/ ////,/ s ,/}// ///I// ///// 7 //’//////5"/ //////

\&\\‘I\

N

—p //, F7A - EZA 73 // o
S 8 s
e ea Y e R e e e

5 E"ﬁ"g"’“#“gﬂﬁﬂi

I e e T e T T e T T T T
Fra I/' e oA 7
A HMM

Ry

MH?

Il 7

ﬁ Reio

=

helium +insulation —fZZ4— insulation —J[}—~ metal ]}~ helium o—@—o Heat transfer
12 August 2008 LARP - SLAC Dariusz Bocian 18



Validation of the model

Measurements in the CERN test facility
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Validation of the Network Model

: )

EXPERIMENT heat measured
Heat source MAGNET quench current
- quench heaters
- inner heating apparatus
VALIDATION
predicted
HEAT SOURCE heat MAGNET quench current
MODEL MODEL J
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Validation of the Network Model with quench heaters

1 &) 2 Quench heaters
DC ' “Intercon” . Conection '~ Printed —VWWWW
generator ' Bench #1/#2 - bench/ magnet | . Circuit el
selection Board
Quench
detection
crate/Trigger e —|  copperplating f—  thickness
T | DAQ 1L -k
* - N
FAST POWER ABORT ;
P.C. = \
Safety I/ — heater strip length —
matrix [ MAGNET PROTECTION _ o
) QHPS copper = heater §frf InSLil/atmn
superconducting
cable

¢ Two methods of measurement
= I,y =const, increase of I, with a step of 0.1 A
s Iy =const, slow ramp of I, up to the quench after 300 s of coil heating

e 3 MQM, 2 MQY, MQ and MB have been tested at 4.5 K

12 August 2008 LARP - SLAC Dariusz Bocian 21



I magnet [A]

I magnet [A]

I magnet [A]

Validation of the model with quench heaters

MOQM magnets at 4.5 K
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Validation of the model — internal heater

T T T L T ) T

dE/dr 101 Beam screen E
[GeV/cm3] Vacuum chamber :
I / , ] Support tube - stainless steel
100 e Heaters — strip 25 um, 15 mm wide
1 Temperature sondes
ol oueplaver ] Internal expanding mechanism
10_20 ' 1|o ' 2'o 3|o T4 50 r [mm]

The maximum radial energy density along the most exposed azimuth
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Validation of the model internal hea_ter
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Validation of the model — internal heater
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dation of the model — internal heater

A 2403 o0
Ty

* RO PUOF OIGTTAL FHOBFHOR GBCILLOBCOPE m.'i';':-i

EEEEEE
e eff
T .
mﬂ'ﬂf.‘*."‘l.l
—

Fonction
curseur

| Désactivé

Barres H

X

Barres V

SR 50.0mv : M 1.005 A Chi / 26.0mv| 2
4 | curseurs

| 4 a l'écran
Fonction  Unités

Barres H  Seconde G
™ I T T~ T~ N~ N —

Dariusz Bocian 26

12 August 2008 LARP - SLAC



Imagllet [ A]

Validation of the model — inner heater
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Network Model

Quench limit simulations
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Network Model — Quench limit simulations

ground cable (interlayer cable helium cold bore
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Network Model — Quench limit simulations

1 - cold bore - factor = 50
2 - inner layer - factor = 6
3 - outer layer - factor = 1

T T T L] T ¥ T
dE/dr 107 Beam screen g
E A/ E

[GeV/ecm3] 3 Vacuum chamber

100 £ / }layer i

outer layer
107 E 4

102 " 1 1 1 1 ! : 1

0 10 20 30 40 50 r[mm] . .
The maximum radial energy density along the most exposed azimuth Concentrlc beam IOS S prOflle

LHC Project Note 44 (2006)

FLUKA simulations
1 - factor=1

2 - factor =1.0/3.0
3 - factor = 0.4/3.0
4 - factor =0.1/3.0
5 - factor = 0.03/3.0

Gaussian beam loss profile
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Network Model — Quench limit simulations

Homogenous beam loss profile in MB magnet
STUDY CASE - cold bore heated/not heated

///
i

* Beam loss profile with homogenous heat deposition
= // 2 no heat load to the cold bore
SN 77
N _
2 S _ . . 3
// n 10500 A — Quench Limit ~ 150 mW/cm
_/41//4;////// . 11850 A — Quench Limit ~ 100 mW/cm?
S Shaans 12100 A — Quench Limit ~ 72 mW/cm?
- ’
§\\\> =

with heat load to the cold bore

iy
W
q
)

10500 A — Quench Limit ~ 20 mW/cm?
n 11850 A — Quench Limit ~ 14 mW/cm?
n 12840 A — Quench Limit ~ 9mW/cm?

This is effect of heat flow decrease
in the helium channel around cold bore

A better cooling of the cold bore is needed to increase quench level
12 August 2008
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Summary and outlook

Quench limit for the ,real” beam loss depends on the beam loss
profiles
m Two most realistic beam loss scenarios are considered:
Gaussian and concentric (factor ~2 difference)

The validation of the model with MQM, MQY, MQ and MB magnet
at 4.5K were performed successfully.

m The agreement between measurements and simulations is in worse case of
order of 20%.

The measurements on MB and MQ at 1.9K are very successful

s Internal Heating Apparatus allows to quench MB magnet
in the range from 1kA to 12 kA.

Quench level for the typical beam losses scenarios are calculated

Transient loss simulations and validations with measurements -
first results with so-called impulse mode are available.
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Additional transparencies
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Copper heat conductance, ko, [W/m K]

Heat conductivity

430 Copper properties
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Motivation I
Gain time by optimised threshold settings

Scenarios

1. Threshold too high = quench of the magnets
(ideally: no beam loss induced quenches)

2. Threshold too low — beam abort

Scenario 1
After 3 quenches change threshold value (by trial and error)
= lost time: 3 recovery times (minimum 3x5h=15 hours)

Scenario 2
After 3 aborts change threshold value (by trial and error)
= lost time: 3 false aborts (3x2h=6 hours)

9 different main mﬂgne"'s famlly = MZ}TQ’ MM @ 1.9K, MQM @ 4.5K, MQY
= ~10 kCHf/hour of LHC oper'a‘l'ion MQXA, MQXB, MBR

= assuming one threshold setting change per magnet

135 h makes 1.35*10° CHF
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Magnetic field distribution in the coils

MB
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