Minutes of meeting 19.04.2006 at 9:30 h.

Quench levels of the magnets in the LSS5 
(i.e. D2, Q4 and Q6 and the associated dipole correctors).


Present:  Dariusz Bocian, Daniela Macina, Richard Hall-Wilton, Vadim Talanov.
1 D. Macina: Short introduction to the task. 

D. Macina has presented the objectivities of work. The operation of the TOTEM Roman Pots in the LHC line could cause the showers of high intensity secondaries. The main task of this work is to check the intensity of the secondaries and its influence on the superconducting magnets and the corresponding signals in the BLMs. The point is whether these particles might deposit sufficient energy in the magnet coil to quench magnets downstream of the roman pots.

The purpose of this meeting is to determine how to evaluate what the results of the simulations for energy deposits in the magnets mean as a fraction of the magnet quench limits.  This implies additionally checking that the simulation results are available in a form that can be used to convert these into fractions of the quench limit i.e. the grid chosen is appropriate for evaluating this limit.
2 D. Bocian: Overview of enthalpy limit of all magnets for injection 
and collision energy and heat transfer in the magnets.

2.1 A schematic view of the heat transport in the magnet.
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2.2 Heat transfer in the coil


[image: image2]
Fig. 1 Heat transport in the superconducting cables and insulation
2.3 Entalpy limit

	Entalpy limit [mJoule/cm3]

	
	
	Beam energy = 450 GeV
	Beam energy = 7000 GeV

	
	
	Fast perturbation
	Slow perturbation
	Fast perturbation
	Slow perturbation

	Magnet
	Temp
	<100 μs
	>100 ms
	<100 μs
	>100 ms

	
	
	
	
	
	

	MB Type-1
	1.9K
	31,29
	148,53
	0,93
	56,26

	MB Type-2
	1.9K
	29,24
	141,21
	0,90
	53,70

	MQ Type-3
	1.9K
	29,45
	150,69
	1,41
	72,09

	MQM Type-7
	1.9K
	30,31
	127,78
	1,06
	50,11

	MQM Type-7
	4.5K
	28,22
	47,58
	1,63
	6,35

	MQY Type-5
	4.5K
	28,43
	48,55
	2,46
	8,78

	MQY Type-6
	4.5K
	32,06
	57,76
	4,95
	15,84

	
	
	
	
	
	

	MCB corr-1
	1.9K
	23,21
	23,21
	4,77
	4,77

	MCBC corr-2
	1.9K
	23,13
	23,13
	4,20
	4,20

	MCBC corr-2
	4.5K
	21,60
	21,60
	5,69
	5,69

	MCBY corr-2
	1.9K
	23,30
	23,30
	5,21
	5,21

	MCBY corr-2
	4.5K
	21,51
	21,51
	5,28
	5,28

	MCBXH corr-4
	1.9K
	33,11
	33,11
	10,91
	10,91

	MCBXV corr-4
	1.9K
	33,22
	33,22
	11,66
	11,66

	
	
	
	
	
	

	MCD corr-3
	1.9K
	32,88
	32,88
	10,65
	10,65

	MCO corr-2
	1.9K
	23,72
	23,72
	7,64
	7,64

	MCOSX corr-2
	1.9K
	23,98
	23,98
	9,46
	9,46

	MCOX corr2
	1.9K
	23,98
	23,98
	9,37
	9,37

	MCS corr-3
	1.9K
	32,99
	32,99
	12,27
	12,27

	MCSSX corr-2
	1.9K
	23,98
	23,98
	9,50
	9,50

	MCSX corr-2
	1.9K
	23,81
	23,81
	7,02
	7,02

	MCTX corr-2
	1.9K
	23,30
	23,30
	4,89
	4,89

	
	
	
	
	
	

	MO corr-3
	1.9K
	32,76
	32,76
	10,55
	10,55

	MQS corr-3
	1.9K
	32,20
	32,20
	5,81
	5,81

	MQSX corr3
	1.9K
	32,20
	32,20
	6,32
	6,32

	MQT corr-3
	1.9K
	32,20
	32,20
	5,81
	5,81

	MQTLI corr-3
	1.9K
	32,20
	32,20
	5,81
	5,81

	MS corr-3
	1.9K
	32,08
	32,08
	5,00
	5,00

	MSS corr-3
	1.9K
	32,08
	32,08
	5,00
	5,00

	
	
	
	
	
	

	MQTLH corr-3
	4.5K
	29,72
	29,72
	5,69
	5,69


The names Type-1 to Type-6 and corr-1 to corr-4 corresponds to the cable types in the coils of the magnets (Table 3 and Table 4). When two types of the cables appear with the same name of the magnet, it means that coil consists of two types of the cables. In case of LHC magnets, there are two types of cables used in:

· two-layers coil of MB (main dipole) magnet: cable Type-1 is inner layer and cable Type-2 is outer layer,

· four layers MQY magnet, first (inner) layer is made from cable Type-6, second – central part is made from cable Type-5 and sides from cable Type-6 and layers 3 and 4 of coil is made from cable Type-5. This is demonstrated in figure 2. 
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Fig. 2 Types and locations of superconducting cables in MQY magnet.
These quench limits are given for the peak magnetic field strength in the magnets. This then gives a worst case scenario – as the magnetic field varies considerably within the coil. There is also the issue that the field in the magnet whilst running will be below the peak strength – however for the nominal optics it is expected to be a significant fraction of the full strength. 

In the table, it can be seen that for some magnets – MB, MQ, MQM, MQY – there are differences between the fast and slow perturbations in the quench limits. This is because the magnets are «wet», i.e. liquid helium are inside the cables and flows through the coils. For the other magnets, including all the correctors, they are «dry», and there is no helium flow through the coils. The helium flow through the coils allows significant cooling of the cables – hence the large differences between the 2 sets of numbers. For time periods between the 2 extremes, there will be a partial affect – this is non-trivial to calculate as it depends upon modelling the superfluid He and its properties. 

2.4 Superconducting cable characteristics

Table 1 Cable characteristic
	Cable type
	Strand type
	#strands
	A-cable
(mm2)
	Cu 
(mm2)
	NbTi 
(mm2)
	He
(mm2)
	Insulation

(mm2)
	Ic at 6T
(A)
	Ic at 7T
(A)

	Type-1
	1
	28
	25.489
	15.871
	9.618
	2.005
	5.460
	20080
	15300

	Type-2
	2
	36
	19.974
	13.203
	6.771
	1.494
	5.327
	15139
	11139

	Type-3
	2
	36
	19.974
	13.203
	6.771
	1.627
	4.510
	15139
	11139

	Type-4
	5
	36
	6.646
	4.229
	2.417
	0.429
	1.885
	5505
	3962

	Type-5
	5
	34
	6.290
	4.003
	2.287
	0.422
	1.790
	5285
	3864

	Type-6
	6
	22
	9.432
	5.240
	4.192
	0.834
	1.872
	9452
	7041

	Type-7
	5
	36
	6.646
	4.229
	2.417
	0.429
	1.885
	5505
	3962


Table 2 Characteristic of the corrector cables
	Cable type
	A-cable 

(mm2)
	Cu 

(mm2)
	NbTi 

(mm2)
	Insulation (mm2)
	Ic at 6T 

(A)
	Ic at 7T 

(A)

	Corr-1
	0.110
	0.088
	0.022
	0.0382
	48.6
	36.5

	Corr-2
	0.214
	0.172
	0.043
	0.0630
	77.2
	56.7

	Corr-3
	0.689
	0.424
	0.265
	0.2232
	557.4
	409.6

	Corr-4
	1.301
	0.800
	0.500
	0.3000
	>930
	691.8


Table 3 Magnet characteristic and cable types used in the production. 

	Magnet type
	Cable type
	Op-T (K)
	I  (A)
	Pick-field (T)

	MB
	Type-1
	1.9
	11850
	8.58

	MB
	Type-2
	1.9
	11850
	7.41

	MQ
	Type-3
	1.9
	11870
	6.85

	MQM
	Type-7
	1.9
	5390
	6.30

	MQM
	Type-7
	4.5
	4310
	5.04

	MQMC
	Type-4
	1.9
	5390
	6.30

	MQML
	Type-4
	1.9
	5390
	6.30

	MQML
	Type-4
	4.5
	4310
	5.04

	MQY
	Type-5
	4.5
	3610
	5.13

	MQY
	Type-6
	4.5
	3610
	6.16

	MBRB
	Type-R1
	4.5
	5520
	3.85

	MBRC
	Type-R1
	4.5
	6000
	4.18

	MBRS
	Type-R1
	4.5
	5520
	3.85

	MBX
	Type-R1
	1.9
	5800
	4.18

	MQXA
	Type-K1
	1.9
	6450
	8.23

	MQXA
	Type-K2
	1.9
	6450
	8.23

	MQXB
	Type-F1
	1.9
	10630
	7.34

	MQXB
	Type-F1
	1.9
	10630
	7.34


 Table 4 Corrector magnet characteristic and cable types used in the production. 
	Magnet type
	Cable type
	Op-T (K)
	I

 (A)
	Pick-field

(T)

	Orbit correctors

	MCB(H&V)
	Corr-1
	1.9
	55
	3.15

	MCBC(H&V)
	Corr-2
	1.9
	100
	3.65

	MCBC(H&V)
	Corr-2
	4.5
	74
	2.68

	MCBY(H&V)
	Corr-2
	1.9
	88
	3.60

	MCBY(H&V)
	Corr-2
	4.5
	72
	2.96

	MCBXH
	Corr-4
	1.9
	550
	4.02

	MCBXV
	Corr-4
	1.9
	550
	3.71

	Multipole correctors

	MCD
	Corr-3
	1.9
	550
	2.40

	MCO
	Corr-2
	1.9
	100
	2.00

	MCOSX
	Corr-2
	1.9
	100
	1.34

	MCOX
	Corr-2
	1.9
	100
	1.37

	MCS
	Corr-3
	1.9
	550
	1.90

	MCSSX
	Corr-2
	1.9
	100
	1.32

	MCSX
	Corr-2
	1.9
	50
	4.20

	MCTX
	Corr-2
	1.9
	80
	4.10

	Lattice correctors

	MO
	Corr-3
	1.9
	550
	2.43

	MQS
	Corr-3
	1.9
	550
	4.10

	MQSX
	Corr-3
	1.9
	550
	3.94

	MQT
	Corr-3
	1.9
	550
	4.10

	MQTLI
	Corr-3
	1.9
	550
	4.10

	MS
	Corr-3
	1.9
	550
	4.37

	MSS
	Corr-3
	1.9
	550
	4.37

	Q6 at IP6

	MQTLH
	Corr-3
	4.5
	400
	4.10


Table 5 Characteristic data of the “CERN” superconducting cables.
	
	Units
	Cable 1
	Cable 2
	Cable 3
	Cable 4
	Cable 5
	Cable 6
	Cable 7

	Strand diameter
	mm
	1.065
	0.825
	0.825
	0.48
	0.48
	0.74
	0.48

	Number of strands 
	 
	28
	36
	36
	36
	34
	22
	36

	Average r = Cu/NbTi 
	 
	1.65
	1.95
	1.95
	1.75
	1.75
	1.25
	1.75

	Keystone angle
	deg
	1.25
	0.9
	0.9
	0.91
	0.9
	1.72
	0.91

	Cable width (bare) 
	mm
	15.1
	15.1
	15.1
	8.8
	8.3
	8.3
	8.8

	Cable mid-thickness (bare)
	mm
	1.9
	1.48
	1.48
	0.84
	0.845
	1.275
	0.84

	Cable inner thickness (bare)
	mm
	1.7353
	1.3614
	1.3614
	0.7701
	0.7798
	1.1504
	0.7701

	Cable outer thickness (bare)
	mm
	2.0647
	1.5986
	1.5986
	0.9099
	0.9102
	1.3996
	0.9099

	Transposition pitch
	mm
	115.00
	100.00
	100.00
	66.00
	66.00
	66.00
	66.00

	Radial insulation thickness
	mm
	0.15
	0.15
	0.13
	0.08
	0.08
	0.08
	0.08

	Azimuthal  insulation thickness
	mm
	0.12
	0.13
	0.11
	0.08
	0.08
	0.08
	0.08

	Cable width (ins.) 
	mm
	15.4
	15.4
	15.36
	8.96
	8.46
	8.46
	8.96

	Cable thickness (ins.)
	mm
	2.14
	1.74
	1.70
	1.00
	1.005
	1.435
	1.00

	Cable inner thickness (ins.)
	mm
	1.9720
	1.6190
	1.5794
	0.9288
	0.9386
	1.3080
	0.9288

	Cable outer thickness (ins.)
	mm
	2.3080
	1.8610
	1.8206
	1.0712
	1.0714
	1.5620
	1.0712

	      Jc 
(B[T], Tref) 
	A/mm2
	1433.3
(9.0T,1.9K)
	1953
(9.0T,1.9K)
	1953
(9.0T,1.9K)
	2800
(5T,4.2K)
	2800
(5T,4.2K)
	2670
(5T,4.2K)
	2800
(5T,4.2K)

	Cable length
	m
	460
	740
	740
	740
	775
	710
	540


Table 6 Characteristic of the corrector cables. Insulation material - PVA enamel. Superconductor NbTi with Ti=47% by weight.

	
	Units
	Corr-1
	Corr-2
	Corr-3
	Corr-4

	Overall dimensions (ins)
	mm
	Ø 0.435
	0.38×0.73
	0.73×1.25
	0.97×1.65

	Metal dimensions
	mm
	Ø 0.375
	0.32×0.67
	0.61×1.13
	0.85×1.53

	Insulation thickness
	mm
	0.03
	0.03
	0.06
	0.06

	Cu/NbTi volume ratio
	
	4.1
	4.1
	1.68
	1.65

	Nr of filaments
	
	684
	1110
	7068
	8898

	Filament diameter
	μm
	6.4
	6.5
	6.7
	8.3

	Critical current at 4.2K, 5T
	Perpendicular to wire axis
	A
	>55
	
	
	

	
	Perpendicular to broad face
	A
	
	>100
	>630
	>1190

	
	Parallel to broad face
	A
	
	>110
	>700
	>1320


Table 7 Characteristic data of the “non-CERN” superconducting cables.
	
	
	MQXA 
KEK cables 
	MQXB
Fermilab cables 
	MB(Rx)(X)
RHIC cables 

	
	Units
	K1
	K2
	F1
	F2
	R1

	Strand diameter
	mm
	0.815
	0.735
	0.808
	0.65
	0.648

	Number of strands 
	 
	27
	30
	37
	46
	30

	Average r = Cu/NbTi 
	 
	1.2
	1.9
	1.3
	1.8
	1.8

	Keystone angle
	deg
	2.309
	1.319
	1.079
	0.707
	1.2

	Cable width (bare) 
	mm
	11
	11
	15.4
	15.4
	9.73

	Cable mid-thickness (bare)
	mm
	1.487
	1.34
	1.456
	1.146
	1.166

	Cable inner thickness (bare)
	mm
	1.2654
	1.2134
	1.3110
	1.0510
	1.0641

	Cable outer thickness (bare)
	mm
	1.7086
	1.4666
	1.6010
	1.2410
	1.2679

	Transposition pitch
	mm
	 
	 
	 
	 
	 

	Radial insulation thickness
	mm
	 
	 
	 
	 
	 

	Azimuthal  insulation thickness
	mm
	 
	 
	 
	 
	 

	Cable width (ins.) 
	mm
	 
	 
	 
	 
	 

	Cable thickness (ins.)
	mm
	 
	 
	 
	 
	 

	Cable inner thickness (ins.)
	mm
	 
	 
	 
	 
	 

	Cable outer thickness (ins.)
	mm
	 
	 
	 
	 
	 

	      Jc 
(B[T], Tref) 
	A/mm2
	2200 
(6T, 4.2K)
	2160 
(6T, 4.2K)
	2750 
(5T, 4.2K)
	2750 
(5T, 4.2K)
	2500 
(5T, 4.2K)

	Cable length
	m
	 
	 
	 
	 
	 


 Table 8 Free volume calculation – bare. Volume is normalized to mm2. Volume0
is an additional volume calculation for non-deformed cable using strand cross section only.
	 
	Units
	Type-1
	Type-2
	Type-3
	Type-4
	Type-5
	Type-6
	Type-7

	Volume0 (strand) (bare)
	mm2
	25.789
	20.103
	20.103
	6.742
	6.344
	9.757
	6.742

	Volume1 (m,ρ) (bare)
	mm2
	25.489
	19.974
	19.974
	6.646
	6.290
	9.432
	6.646

	Volume2(α,h,l)(bare)
	mm2
	28.688
	22.347
	22.347
	7.392
	7.013
	10.581
	7.392

	Free Volume (bare)
	mm2
	3.199
	2.373
	2.373
	0.746
	0.723
	1.149
	0.746

	Free Volume (bare)
	%
	11.152
	10.621
	10.621
	10.090
	10.313
	10.860
	10.090


2.5  Heat transfer in the magnets

A schematic view of the heat extraction from the quadrupole magnet at the temperature T=1.9 K (left) and T=4.5 K (right) is presented in the Fig. 3. 

[image: image1]
[image: image4.emf][image: image5.emf]
Fig. 3 A simple sketch of the heat transfer in the quadrupole at T=1.9 K (left) and T=4.5K(right).

2.5.1 Heat extraction from the SC cables at T=1.9 K

2.5.1.1 inner layer: heat goes from the cables to the helium channel between cold bore and superconducting coil, and further mainly by the channels between the laminations.

2.5.1.2 outer layer: heat goes through insulation between two layers of the cables and then through the inner layer to the helium channel between cold bore and superconducting coil, and further mainly by the channels between the laminations.

3  V. Talanov, Richard Hall-Wilton: Issues arising

The magnets most likely to be affected are those just downstream of the roman pot stations. The station at 148m is most likely to affect D2, Q4, and the correctors, MCYA/B, in the D2-Q4 cryostat. The second station to be installed is most likely to affect Q6, and its correctors, MCBCB. The data is available for all of these magnet types in the table presented earlier. Except for D2. 

There is no data for D2 in the table, as there are as yet no samples of cable available from RHIC. It should be possible to fill in the numbers for the fast losses in this table, however it will probably be a long time before there will be data available on the slow losses, as this requires measurements to be done on the He flow within the strands. 
The effect of the optics was discussed, as mentioned before, the quench limit is expected to depend upon the field strength in the coil. At nominal optics the field strength is expected to be close to the peak field strength, however for alternative optics, eg 2m, 19m, TOTEM optics, the fields could be considerably lower. D2 will not be expected, as the field in the dipole will depend only upon the beam energy. However the quadrapoles and the correctors might be affected. 

The tables presented in section 2.4 allow a cross check of the validity of the assumption, used in {4}, that the coils can be approximated by copper for the purposes of simulating the energy deposition in them. In the case of the main dipoles it was found that the average atomic weight was very close to that of copper.  

4 Summary:

· The data provided in these minutes should suffice to evaluate the fraction of quench limit from any given energy deposit in the coils for all magnets except D2.  

· It is necessary to calculate enthalpy limit for the non-CERN magnets. Of interest in particular here - D2. (Other magnets, eg Q1, Q2, Q3, of interest for other studies). In terms of the brief of the study here, an approximate number for the quench limit from a fast perturbation would suffice. 

· Additional factors like optics, slow/fast perturbation and cable type location have been flagged. Some comment should be made on these effects in the course of the investigations. 
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