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1. Introduction


HFDA03B is just a splice assembly made from HFDA03A mirror magnet. This splice assembly was completed on March 15th, 2003. After it was installed into the VMTF dewar it was electrically checked out by March 19th , 2003. The VMTF dewar was filled with liquid helium on Mrch 24th, 2003.  First test cycle of the magnet has been completed on March 28th.  The magnet was removed from the dewar in order to change the leads to use only one half of the splice assembly. The magnet was re-installed into the VMTF dewar, cooled down, and electrically checked out by April 15th.  The second test cycle was finished on April 18th. 

2. Quench Testing

hfda03B is a splice assembly made from HFDA03A  mirror magnet by cutting of the ends of the half coils (inner and outer) and connected them together to form a continuous cable: one half of the cable is made of inner and the other half of the cable made of outer cable. Both inner and outer cable was spliced to NbTi cable and the connection between the two cable was made outside of the splice assembly. This gave us an opportunity to hook up either side of the cable separately or both of them at the same time.   
Test Cycle 1 Quench Origins

At the first test cycle we connected both inner and outer cable in series. Initial quench tests of HFDA03B were performed at the canonical ramp rate of 20 A/sec. 
The splice assembly exhibited little training (if any) and the quench current leveled off around 12000 A. All of the splices occurred in the outer cable section of the splice assembly. We initiated few quenches at high current ramp rates. These quench currents were pretty much the same range and location as the rest of the quenches.   It was hard to determine the exact location of the quenches since they didn’t propagate fast enough so they didn’t reach another voltage segment within the time window what we used to record voltage signals.    

A summary of the quench testing for Cycle 1 is presented in the first part of Table 1 below and it also can be seen in figure 1.

Test Cycle 2  Quench Origins

Following a warm up to room temperature, the splice assembly was reconfigured. For this test cycle we powered only the inner cable part of the splice assembly. The first quench was at 12556 A. Although the quench current was in the same range as it was in the first test cycle it was slightly higher than any quench current was at TCI. Since this side of the splice exhibited no training at al, we quenched the magnet few times ramping up the current with 300A/sec ramp rate. Since we observed flat ramp rate dependence at high ramp rates we quench the splice assembly with very low ramp rate few times (5A/sec). Quenches, regardless of ramp rates, occurred randomly within the short Nb3Sn cable segment (see fig 1).  Then we performed a temperature dependence study. Quench locations at lower than 4.3K bath temperatures were close to junction of the cable and splices. 
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Table 1.  Quench summary table
TCI

	File
	Quench No.
	Current
(Amps)
	Nom. Ramp Rate
	tquench
	MIITs
	QCD Trigger
	Quench Vtap Seg
	Mag Top Temp
	File Comments

	hfda03b.Quench.030325100912.404
	 
	6
	 
	0.0094
	0
	GndRef
	QIOR1_QISR2
	4.479
	just a trip

	hfda03b.Quench.030326112857.758
	 
	6
	 
	0.0014
	0
	GndRef
	 
	 
	 

	hfda03b.Quench.030326113732.302
	 
	7
	 
	0.001
	0
	GndRef
	QISh1a_QISnL2
	4.499
	manual trip at 1000A to check signals (although quench manager only  shows 7A, so we have had to save data manually as well).

	hfda03b.Quench.030326153047.557
	 
	81
	 
	-0.1651
	0.08
	WcoilGnd
	QIOR1_QISR2
	4.500
	another trip

	hfda03b.Quench.030327101124.373
	 
	-38
	 
	0.0013
	0
	HcoilHcoil
	QISnL1_QIsoL2
	4.501
	DQD leads trip may be due to dump fire command

	hfda03b.Quench.030327102349.480
	 
	-25
	 
	0.0014
	0
	HcoilHcoil
	QISnL1_QIsoL2
	4.504
	QDQ SL leads trip

	hfda03b.Quench.030327104522.468
	 
	-62
	 
	0.0014
	0.04
	HcoilHcoil
	QISnL1_QIsoL2
	4.509
	the same type of trip

	hfda03b.Quench.030327110708.021
	 
	285
	 
	-0.0011
	0.06
	SlWcoil
	QISh1a_QISnL2
	4.512
	300A manual trip

	hfda03b.Quench.030327114257.748
	 
	281
	 
	0.0011
	0.07
	GndRef
	QOSoL2_QOSnL2
	4.523
	300A manual trip

	hfda03b.Quench.030327115031.350
	 
	-12
	 
	0.0013
	0.04
	HcoilHcoil
	QISnL1_QIsoL2
	4.526
	500A trip due to noise on DQD

	hfda03b.Quench.030327115444.302
	 
	-50
	 
	0.0013
	0.04
	HcoilHcoil
	QOSoL2_QOSnL2
	4.527
	DQD trip at 500A

	hfda03b.Quench.030327115918.404
	 
	-6
	 
	0.0013
	0
	HcoilHcoil
	QISnL1_QIsoL2
	4.528
	mysterious trip

	hfda03b.Quench.030327120408.286
	 
	-20
	 
	0.0014
	0
	HcoilHcoil
	QISnL1_QIsoL2
	4.528
	500A DQD leads trip

	hfda03b.Quench.030327122048.875
	 
	419
	 
	0
	0.09
	WcoilGnd
	QISh1a_QISnL2
	4.533
	500A DQD trip

	hfda03b.Quench.030327123317.723
	 
	-70
	 
	0.0014
	0.04
	HcoilHcoil
	QOSoL2_QOSnL2
	4.533
	500A QDQ trip

	hfda03b.Quench.030327163805.235
	 
	284
	 
	0
	0.09
	SlWcoil
	QISh1a_QISnL2
	4.528
	300A trip

	hfda03b.Quench.030327172951.890
	 
	12
	 
	0.0013
	0.05
	HcoilHcoil
	QISnL1_QIsoL2
	4.525
	300A trip

	hfda03b.Quench.030327173652.067
	 
	-6
	 
	0.0014
	0.05
	HcoilHcoil
	QISnL1_QIsoL2
	4.525
	300A trip

	hfda03b.Quench.030327180925.947
	 
	354
	 
	-0.0003
	0.08
	WcoilGnd
	QISh1a_QISnL2
	4.525
	300A trip

	hfda03b.Quench.030327182209.898
	 
	7
	 
	-0.0024
	0.08
	SlWcoil
	QISh1a_QISnL2
	4.525
	0A trip

	hfda03b.Quench.030327191019.998
	 
	-18
	 
	0.0015
	0.01
	HcoilHcoil
	QISh1a_QISnL2
	4.525
	2000A manual trip

	hfda03b.Quench.030327192645.368
	 
	697
	 
	0.0015
	0.04
	WcoilIdot
	QISh1b_QISh1a
	4.525
	~5000A trip or quench

	hfda03b.Quench.030328134611.727
	 
	2005
	 
	0.0039
	0.19
	WcoilGnd
	QIOR3_QIOR1
	4.456
	2000A manual trip

	hfda03b.Quench.030328140720.235
	1
	10823
	20
	-0.0029
	4.74
	HcoilHcoil
	QISh1a_QISnL2
	4.455
	First trip AQD coil it might be a quench ~11kA

	hfda03b.Quench.030328144021.957
	2
	11037
	20
	-0.0014
	4.75
	HcoilHcoil
	QISh1a_QISnL2
	4.454
	2nd quench ~11kA

	hfda03b.Quench.030328145825.274
	3
	11619
	20
	-0.0015
	5.23
	HcoilHcoil
	QISh1a_QISnL2
	4.454
	11600A 3rd quench

	hfda03b.Quench.030328151356.738
	4
	11751
	20
	-0.2417
	38.52
	WcoilIdot
	QISh1a_QISnL2
	4.453
	11700A 4th quench

	hfda03b.Quench.030328152957.343
	5
	12267
	20
	-0.0056
	6.43
	WcoilIdot
	QISh1a_QISnL2
	4.452
	12240A 5th quench

	hfda03b.Quench.030328154605.325
	6
	11810
	20
	-0.0015
	5.4
	HcoilHcoil
	QISh1a_QISnL2
	4.455
	5th quench at 11.8kA

	hfda03b.Quench.030328160921.243
	7
	11793
	20
	-0.0043
	5.79
	HcoilHcoil
	QISh1a_QISnL2
	4.452
	11800A 7th quench

	hfda03b.Quench.030328161629.554
	8
	12505
	300
	-0.0017
	6.03
	WcoilIdot
	QISh1a_QISnL2
	4.450
	12470A 300A/sec 8th quench

	hfda03b.Quench.030328181235.197
	9
	12456
	300
	-0.0013
	5.94
	WcoilIdot
	QISh1a_QISnL2
	4.447
	quench at 300 A/s I= 12419 A

	hfda03b.Quench.030328182515.329
	10
	11812
	300
	-0.0021
	5.5
	HcoilHcoil
	QISh1a_QISnL2
	4.447
	ramp rate 300 A/s Iq= 11776 A

	hfda03b.Quench.030328183404.370
	11
	11687
	300
	-0.0015
	5.28
	WcoilIdot
	QISh1a_QISnL2
	4.448
	ramp rate 300 A/s Iq = 11652 A


TCII

	File
	Current
	Ramp Rate
	tquench
	MIITs
	QDC Trigger
	1st Vtap Segment
	trise
	Temp Mag Bot
	File Comments

	hfda03b.Quench.030415164402.192
	1671
	 
	0
	0.1
	HcoilHcoil
	QOSR1_QIOR3
	-0.0003
	4.5398
	trip during checkout

	hfda03b.Quench.030415165233.794
	2011
	 
	0.0007
	0.2
	GndRef
	QOSR1_QIOR3
	0.0028
	4.5367
	2000A manual trip

	hfda03b.Quench.030415180014.850
	 
	 
	 
	 
	 
	 
	 
	 
	 

	hfda03b.Quench.030415180112.963
	105
	 
	0.0017
	0.04
	GndRef
	 
	 
	 
	 

	hfda03b.Quench.030415183828.330
	12556
	20
	-0.0084
	3.62
	WcoilIdot
	QISh1a_QISnL2
	-0.0077
	4.5509
	first trip or quench at ~12000A

	hfda03b.Quench.030416175446.233
	12766
	20
	-0.0018
	6.33
	WcoilIdot
	QISh1a_QISnL2
	-0.0011
	4.4342
	2nd quench 12710A

	hfda03b.Quench.030416191924.784
	12688
	20
	-0.0087
	7.34
	WcoilIdot
	QISh1b_QISh1a
	-0.0006
	4.4301
	12600A 3rd quench

	hfda03b.Quench.030416194641.605
	11957
	20
	-0.002
	5.62
	WcoilIdot
	QISh1b_QISh1a
	-0.0018
	4.4302
	4th quench 11900A

	hfda03b.Quench.030416200646.886
	12394
	20
	-0.002
	6.01
	WcoilIdot
	QISR1_QISh1b
	-0.0004
	4.4329
	12340 A, 5th quench

	hfda03b.Quench.030416201743.162
	12728
	300
	-0.0014
	6.23
	WcoilIdot
	QISh1a_QISnL2
	-0.001
	4.4301
	12672 A, 6th quench

	hfda03b.Quench.030416202931.613
	12702
	300
	-0.0017
	6.26
	HcoilHcoil
	QISR1_QISh1b
	-0.0006
	4.4281
	12647A 8th quench

	hfda03b.Quench.030416204130.187
	14011
	300
	-0.001
	7.36
	WcoilIdot
	QISh1a_QISnL2
	-0.0006
	4.4287
	8th quench, 13000A

	hfda03b.Quench.030416205321.738
	13523
	300
	-0.0014
	7.01
	WcoilIdot
	QISh1a_QISnL2
	-0.0011
	4.4288
	13465A, 9th quench

	hfda03b.Quench.030416210328.202
	13061
	300
	-0.0011
	6.5
	WcoilIdot
	QISh1a_QISnL2
	-0.001
	4.4284
	10th quench, 13005A

	hfda03b.Quench.030417100032.345
	12028
	300
	-0.0036
	5.92
	HcoilHcoil
	QISh1a_QISnL2
	-0.0014
	4.4012
	12000A , 11th quench

	hfda03b.Quench.030417101609.001
	12253
	5
	-0.0043
	6.25
	SlWcoil
	QISh1a_QISnL2
	-0.0014
	4.402
	Quench #12 - ramp to 10kA at 300A/sec; ramp to quench at 5a/sec

	hfda03b.Quench.030417103447.651
	12368
	5
	-0.0014
	5.92
	WcoilIdot
	QISh1a_QISnL2
	-0.0013
	4.4014
	Quench #13 - ramp at 300 A/sec to 10kA;  5A/sec to quench

	hfda03b.Quench.030417110554.383
	13402
	5
	-0.0011
	6.79
	WcoilIdot
	QISh1a_QISnL2
	-0.0007
	4.4011
	Quench #14 - same 300A/sec to 10kA; 5a/sec to quench at 13345A

	hfda03b.Quench.030417113043.850
	12245
	5
	-0.0161
	8.01
	WcoilGnd
	QISh1a_QISnL2
	-0.0013
	4.3986
	Quench #15 300A/sec to 10kA; 5A/sec to quench

	hfda03b.Quench.030417113946.110
	12561
	300
	-0.0011
	6.02
	HcoilHcoil
	QISh1b_QISh1a
	-0.0006
	4.3983
	Quench #16 - 300A/sec to quench at 12505A

	hfda03b.Quench.030417115055.746
	13114
	300
	-0.0018
	6.65
	WcoilIdot
	QISh1a_QISnL2
	-0.0011
	4.3968
	Quench #17 - Ryugi Ramp: 300A/a to 11500A, 300A/sec to 0A; 300A/sec  ramp to quench

	hfda03b.Quench.030417120027.414
	12900
	100
	-0.0071
	7.33
	WcoilGnd
	QISh1a_QISnL2
	-0.0013
	4.3976
	Quench #18 - 100A/sec to quench at 12846A

	hfda03b.Quench.030417133209.761
	11561
	0
	-0.0067
	5.92
	WcoilIdot
	QISh1b_QISh1a
	-0.0014
	4.393
	11500A spot heater induced quench at 13V

	hfda03b.Quench.030417134413.468
	10055
	0
	-0.0029
	4.12
	WcoilIdot
	QISh1b_QISh1a
	-0.0022
	4.3946
	10000A SPOT HEATER INDUCED QUENCH AT 14V

	hfda03b.Quench.030417135436.542
	9051
	0
	-0.0043
	3.49
	WcoilIdot
	QISh1b_QISh1a
	-0.0027
	4.3934
	Spot heater induced quench at 9000A; heater voltage=14V

	hfda03b.Quench.030417142952.279
	8047
	0
	-0.0064
	2.9
	WcoilIdot
	QISh1b_QISh1a
	-0.0041
	4.3897
	8000A Spot heater quench heater voltage: 14V

	hfda03b.Quench.030417143508.829
	7044
	0
	-0.0151
	2.66
	WcoilIdot
	QISh1b_QISh1a
	-0.0045
	4.3921
	Spot heater quench at 7000A; spot heater voltage=13V

	hfda03b.Quench.030417144613.992
	6037
	0
	-0.0186
	2.1
	WcoilIdot
	QISh1b_QISh1a
	-0.0085
	4.39
	Spoter heater induced quench at 6000A; heater voltage =13V

	hfda03b.Quench.030417145703.495
	5035
	0
	-0.0263
	1.67
	WcoilIdot
	QISh1b_QISh1a
	-0.0116
	4.3904
	Spot heater induced quench at 5000A; heater voltage = 13V (nominal -  note: Jim Garvey points out that we are well below minimum voltage spec  for HFU and the actual voltage is fluctuating)

	hfda03b.Quench.030417151333.113
	4029
	0
	-0.0353
	1.23
	WcoilIdot
	QISh1b_QISh1a
	-0.0204
	4.3897
	Spot heater quench at 4000A; heaterv oltage: 13V (nom.)

	hfda03b.Quench.030417152215.414
	3025
	0
	-0.0524
	0.87
	WcoilGnd
	QISh1b_QISh1a
	-0.0385
	4.3891
	Spot heater induced quench at 3000A; heater voltage = 13V (nom.)

	hfda03b.Quench.030417153354.358
	5034
	0
	-0.0274
	1.71
	WcoilIdot
	QISh1b_QISh1a
	-0.0126
	4.3887
	Spot heater induced quench at 5000A; nominal heater voltage =13V;  screen reading when 'FIRE' button pushed: 6.8 - 9.3V  ....

	hfda03b.Quench.030417154036.837
	5034
	0
	-0.0269
	1.69
	WcoilIdot
	QISh1b_QISh1a
	-0.0123
	4.389
	Spot heater induced quench at 5000A; nom. heater voltage: 13V;  HFU gui value: 9.8 - 11V (for what it's worth...)

	hfda03b.Quench.030417154849.728
	5034
	0
	-0.0171
	1.44
	WcoilIdot
	QISh1b_QISh1a
	-0.0111
	4.3888
	Spot heater induced quench at 5000A; nom. heater voltage: 13V  Screen voltage ~6.3V ...

	hfda03b.Quench.030417160327.432
	3026
	0
	-0.0598
	0.94
	WcoilIdot
	QISh1b_QISh1a
	-0.0447
	4.3902
	Spot heater induced quench at 3000A; nom. heater voltage = 13V;  screen voltage ~9V... end of this fruitless exercise...

	hfda03b.Quench.030417172857.243
	10045
	0
	-0.0014
	3.97
	WcoilIdot
	QISh1b_QISh1a
	-0.0013
	4.3948
	11.1K at 10000A

	hfda03b.Quench.030417174623.519
	9389
	20
	-0.002
	3.5
	WcoilGnd
	QISh1b_QISh1a
	-0.0015
	4.391
	9.36kA quench at 11.15K

	hfda03b.Quench.030417180121.197
	10459
	20
	-0.0013
	4.27
	WcoilGnd
	QISh1b_QISh1a
	-0.0011
	4.3908
	10423A, 11.05K

	hfda03b.Quench.030417181855.511
	9040
	0
	-0.0015
	3.23
	WcoilIdot
	QISh1b_QISh1a
	-0.0015
	4.39
	9000A quench at 11.15K

	hfda03b.Quench.030417191122.105
	7034
	0
	-0.0055
	2.18
	WcoilIdot
	QISh1b_QISh1a
	-0.0039
	4.3897
	7000A, 11.2K

	hfda03b.Quench.030417193015.881
	7914
	20
	-0.0025
	2.56
	WcoilIdot
	QISh1b_QISh1a
	-0.0024
	4.3886
	7886.9K, at 11.3K

	hfda03b.Quench.030417194744.770
	5027
	0
	-0.0108
	1.27
	HcoilHcoil
	QISh1b_QISh1a
	-0.009
	4.3923
	5000A at 11.75

	hfda03b.Quench.030417195950.678
	5708
	20
	-0.0067
	1.5
	WcoilIdot
	QISh1b_QISh1a
	-0.0064
	4.388
	5685A, 11.76K

	hfda03b.Quench.030417201606.715
	12067
	0
	-0.0022
	5.76
	WcoilGnd
	QISh1a_QISnL2
	-0.0011
	4.3919
	12000A, 10.76K

	hfda03b.Quench.030417203510.294
	11728
	20
	-0.0011
	5.3
	WcoilIdot
	QISh1b_QISh1a
	-0.0007
	4.3913
	11688.9A, at 11K

	hfda03b.Quench.030418101144.432
	12796
	20
	-0.0014
	6.34
	WcoilIdot
	QISh1a_QISnL2
	-0.0008
	4.4011
	7K, 12751.2A

	hfda03b.Quench.030418102805.641
	12977
	20
	-0.0021
	6.59
	WcoilGnd
	QISh1a_QISnL2
	-0.001
	4.4062
	12932.4A at 4.3K

	hfda03b.Quench.030418115701.648
	13911
	20
	 
	 
	 
	 
	 
	 
	(data lost due to Pentek problem)

	hfda03b.Quench.030415180014.850
	12816
	20
	 
	 
	 
	 
	 
	 
	(data lost due to Pentek problem)

	hfda03b.Quench.030418141825.891
	1013
	0
	0.001
	0.08
	GndRef
	QOSR1_QIOR3
	0.02
	3.8904
	1000A manual trip

	hfda03b.Quench.030418143437.332
	14988
	20
	-0.0027
	8.74
	WcoilIdot
	QISh1a_QISnL2
	-0.0007
	3.8963
	4K, 14937.9A

	hfda03b.Quench.030418153327.019
	14531
	20
	-0.0027
	8.27
	WcoilIdot
	QISh1a_QISnL2
	-0.0007
	3.3998
	14480A at 3.5K

	hfda03b.Quench.030418155121.858
	14085
	20
	-0.0024
	7.75
	WcoilIdot
	QISh1a_QISnL2
	-0.001
	3.3614
	3.5K, 14037A

	hfda03b.Quench.030418160958.284
	15248
	20
	-0.0014
	8.7
	WcoilIdot
	QISnL2_QISnL1
	-0.0008
	3.3644
	3.5K, 15196.2A

	hfda03b.Quench.030418165738.444
	15312
	20
	-0.0007
	8.67
	WcoilIdot
	QISR1_QISh1b
	-0.0003
	2.8756
	15260A, 3K

	hfda03b.Quench.030418171418.687
	14944
	20
	-0.0013
	8.4
	WcoilIdot
	QISR1_QISh1b
	-0.0003
	2.821
	3K, 14892.5A

	hfda03b.Quench.030418173218.534
	14882
	20
	-0.0008
	8.24
	WcoilIdot
	QISR1_QISh1b
	-0.0001
	2.7945
	3K,14831A

	hfda03b.Quench.030418184503.639
	16603
	20
	-0.0013
	10.16
	WcoilIdot
	QISR1_QISh1b
	-0.0001
	2.1569
	16547A, at 2.17K

	hfda03b.Quench.030418185547.878
	15704
	20
	-0.0018
	9.31
	WcoilIdot
	QISR1_QISh1b
	-0.0006
	2.1558
	15652A at 2.17K

	hfda03b.Quench.030418191951.350
	17554
	20
	-0.0007
	10.96
	WcoilIdot
	QISR1_QISh1b
	-0.0001
	2.1568
	17499A, at 2.17K


Ramp Rate Dependence

Fig 2. Shows the quench current – current ramp rate dependence. There is a slight positive slope however there are no indication of significant Eddy current heating in the cable or splices. 


[image: image3] Fig 2. Quench current ramp rate dependence.

3. Temperature Dependence and Ic measurements 

We performed two types of measurements:

a. We measured the quench current values at different LHe bath temperatures. 

b. We used spot heaters and temperature sensors located in the vicinity of the spot heaters to measure directly the critical current value of the cable.

Fig 3 summarizes both measurements. We can conclude that the quench current improved by lowering the LHe bath temperature. We also have to point out that, quenches at low (<4.3K) temperatures are located at the junctions of the cable and splices. From Ic measurement it is clear that the cable has plenty of quench current margin.

[image: image4]
Fig. 3. Temperature Dependence and Ic measurements results are shown.
4. Quench velocity measurements using spot heaters.

We also used spot heaters to measure quench propagation along the cable. Fig. 4 summarizes the results and compares them at the same time with the “parent” magnet results. We obtained lower quench velocities than what we measured when the cable was part of a magnet. This was expected since the field value of the splice assembly is much lower than that of the magnet.

[image: image5]
TCI => outer cable quenches; not very well known the location due to long segment and low quench velocity


TCII => some of them are multiple quenches within 25 msec time window











Cold quenches: less than 4.3K LHe bath temperature





TCII





TCI





Fig 1. Quench locations and quench history is shown.








PAGE  
1

[image: image7.wmf][image: image8.png]1SpaLE2 1Shig 1Shib 1SpREN
148,59 [ 257.56 —\ 30.48 144.02 \ 148
15.85] (10.14) [1.20) {5.67) 1s.
/ \ . 3.00 (2) \
£0.12}
//// IIIIIIIIIIIIIII// I OUTER \ Ll
%]Illlllllllll /////////// I N N E R b <« S :' Wlllllﬂ
0 o O O o o J ‘2[.07-10(12) _“”l —12(-0720(12)
;_=:4 A A A "N TS2 SH2
-y X/
BB TTR S 1 \ s
148,59 \ 154,56 / 30.48 \ 247.02 / 148
(5.85} i \ 16.08) j [1.20] \ 19.73} " 5.1
OSpnLE1 15h2b 1Sh20 OSpRE2

1 35 CR

| 28 CR




[image: image9.wmf][image: image10.wmf]