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Summary of DSA324 Quenches

DSA324is thethirdFermilab50 mm shortSSCdipole that wastestedin Lab2. This

magnetexperiencedfour thermalcycles.Testsduring the first and secondcooldown

includedquenchtraining at 4.3 K and 4.2 K, ramp ratedependencestudy of quench

currentat 4.3 K , rampingdownfrom 6500A athigh ratesup to 400 AdS , straingage

runsto 7350A at4.3 K andhannonicsmeasurementsasafunctionof current at thecenter

of the magnet and asa function ofpositionat 5000A. Someadditional testsperformed

during thesecondcooldown included quenchtraining at 3.8 K, rampratedependence

studyof quenchcurrentat 4.2K, AC lossmeasurementsatdifferentramprates, transfer

function and periodicremnantfield studyusingRawsonLushFieldmeter. Thebore tube

wasevacuatedexceptduringmagneticmeasurementtests. The voltagetapin theupper

outer coil wasbroken.All the strain gageswerein working orderwhenthe cooldownto

helium temperaturestarted,later a shell gagewaslost. Therestof the instrumentationwas

functionalduring theremainderof thetest. For third cooldownthemagnetendswerenot

preloadedandduring the fourth thermalcycle theendswerepreloadedto -500lb/bullet at

ambienttemperature.

QuenchHistory First Cooldown

A summaryofall quenchfiles with quenchlocationsis attachedattheendof this report

andthe quenchhistory is plottedin Figure 1. Figure 2 is a mapof voltagetaplocations

usedto determinethequenchorigins. Thequenchpropagationvelocity in straightsections

of the coil was typically 80 mIs and -33 mIs in rampsplicesduring a standardplateau

quench. Thefirst spontaneousquenchoccurredduringa straingagerun Jq=7382A at

4.3 K , locatedin non-rampspliceside straight sectionof the lower innerturn 19 about

3.3 ms -29.6cm ±5 cm from theleadtap.

Themagnetachievedan avengeplateaucurrentof -7435A on thesecondquench.The

magnetwasquenchedfive times at plateaucurrentbeforegoing on to astrain gagerun and

thento rampratestudy. All standardplateauquenchesSPOJwereat aramprateof 16 A/’s

and4.3 K. All SPQ’soriginatedin thestraightsectionof the lower innerpole turn. Four

plateauquencheswere on ramp-spliceside and one was on the non ramp-spliceside.

However,the quenchorigin movedaroundin the straight sectionof thepole turn. The



quenchlocationwasabout40 to 60 cm±5 cmfrom theleadtapi.e. rampsplicetap. The

quenchvelocity of thesequencheswas -83 mIs. Figure 3 showsthe voltagesin three

earliestsegmentsfor a typical plateauquench. Figure4 showsthelocationof a typical

plateauquench on therampspliceandnon-rampsplicesideof thecoil. Figure 5 shows

thevoltagegrowthin threeearliestsegmentsdue to atypical quenchon theside opposite

theramp-splice.Thelocationof suchquenchesis -25cm±5 cm from theleadtap.

4.2 K Quenches

Themagnetdid not showany training at4.2 K andreachedacurrentof7690 A in first

quench.All 4.2 K plateauquencheswerein thesamelocationpoleturn as4.3 K plateau

quenches.Plateauquenchwasestablishedby quenchingthemagnettwice with warm bore

still evacuatedandfor theremaining4.2K quenchesin first thermalcycle warm boretube

wasat roomtemperature.Therewasno differencebetweenevacuatedandnon-evacuated

bore tubequenches.Themagnetwasrampedat a nominalramprateof 16 A/s and an

averageof -7681A quenchcurrentwasachieved.All plateauquenchesin turn 19 were

about4-6 ms from therampspliceandachievedaVq= 83 mIs. One4.2 K quenchin turn

18 wasalsoon theramp-splicesideof theinner lower coil, - 4 ms 37 ± 5 cm from the

return end tap. The magnettemperaturewasnot loweredany further during the first

thennalcycle.

QuenchHistory

During the secondcooldownperiodthe magnetdid not show any training at 4.3 K.

Theplateaucurrentwas-7485A, -50A higherthanplateaucurrentfor thefirst thermal

cycle. The magnetwas quenchedseveraltimes at 4.2 K before and after the low

temperature3.8 K studies. Plateauquenchcurrentat 4.2 K before and after 3.8 K

quencheswere-7740A -70 A higherthanit wasin thefirst thermalcycle -7676A and

-7695A respectively. Thequenchlocationwas still thesamestraightsectionof lower

innerpole turn on therampspliceside atboth temperatures.During4.2K quenchingthe
only voltagetap in the lower outercoil waslost anda quenchin thelower outer coil was

detected.This quenchoriginated approximately13 ms from therampsplicenearesttapto
thepoint of quenchin thelower outercoil. A strain gagerun to ‘q - 50 A =7700A was

alsotakenat 4.2K.



During third cooldownthe plateauquenchcurrentsIq , at all temperatures,were

lower thanIq during theotherthreetestcycles. Thefull rangeof quenchcurrentsis much

higherforthethird thermalcycle.

Low TemperatureStudies

DSA324 temperaturewas loweredto 3.8 K during the secondthermalcycle. It was

quenchedeighttimes at low temperature.First two quencheswerein theupperandlower

outercoils , then thereweretwo quenchesin the lower innerpoleturn on theramp-splice

side this is also the location for plateauquenchesbeforethe magnetreacheda plateau

currentof -8175A. Thesequencheswereroughly 6 ms -49 ÷/‘- 5 cm from theramp-
splicewith a quenchvelocity Yq 87 mIs. A strain gagerunwas also takenduring low

temperaturestudies.

Duringthethird cooldown , themagnetdid not haveany endpreload. It showedsome

training andplateauedat8078 A, almost-100A below thepreviousthermalcycle plateau

current. Whereas, during thefourth cooldowntheendpreloadwas-500poundI bullet.

The plateauquenchcurrentin this test cycle was -8118 A. The differencein quench

currentscannot be explainedby fluctuationsin temperatures.Table 2 showstheaverage

temperatureduringeachtestcycle.

RampRateStudy

Theramp ratedependenceof DSA324was studiedduring the first two cooldowns.

Themagnetwasquenchedat a seriesoframpratesrangingfrom thenominalrateof 16 A/s

to 300 A/s. Duringthefirst cooldownhigh rampratequenchstudywasdoneat 4.3K. All

high rampratequenchesin first testcycle , from 25 - 300 A/s , were in the upperinner

multiple turnratherthanin one of theramp splices. All of thesequenchesoriginatednear

theleadend tap of theupper innercoil in turn 13 on the rampsplice side. Sincethe

multiple turns arenot very well instrumentedsoits ratherdifficult to pin point the exact

locationof thequenches.Figure 6 comparestherampratedependenceof DSA324with

other50mmaperturemagnets.

Duringthesecondcooldown themagnetwas testedfor rampratedependenceat4.3 K

and4.2 K. All highrampratequencheswerestill in upperinnercoil multiple turn with the

exceptionof 25 A/s quencheswhich now were -3.2ms from the leadtap on non ramp

splicesideof the lower innercoil.



All thequenchesduring third testcycle wereat 16 A/s exceptone at 100 A/s. Theonly

6 A/s quenchin thefourth cooldownwasat7387A andtwo quencheswereat 25 Ads, and

therestwereat 16 A/s. Therewasone 100 A/s quenchin third thermalcycle.

As discussedin TS-SSC90-26,theSSCdipole magnetsshouldbe ableto ramp down

at the initial ramprateof -325 AIs. To show magnet’sstability D5A324 was ramped

downfrom 6500A to 4000A at high rampratesof-100, -200,-300 and-400A/s without

quenching.At the endof this cycle the magnetwas rampedat 16 A/s to quench. This,

quench,during the first testcycle, wasin thenon ramp-splicesideof theinner lower coil,
-3.2ms 28.5± 5cm ,in first thermalcycle from theleadtap.

TemperatureDependence

The quenchperformanceof amagnetdependson temperatureof helium bathin which
themagnetis immersed.The relation betweenquenchcurrentfor dJ/dt 16 A/s andthe
averageof the threethermometersplacedat top , middle andbottom of the magnet is
shownin Figure7. The solid dashedline in thefigure is thecritical currentaspredictedby
ChrisQuigg’sprogramusingMike Green’sparametrizationof thecritical surface. Table2

showsthe averagesof plateauquenchcurrentsat 16 A/s at different temperaturesthe
averageof threethermometersplacedon the magnetskin. A plateauquenchfor this
magnetis theone whichoriginatesin thepole turn of lowerinnercoil turn 19 andis near
themaximumcurrentfor agiventemperature.

The cableusedto wind theinner coils of DSA324 are from reelSSC 3S-00021.
The short samplecritical currentIc at 7 Tesla,4.22 K for this cableis 10,079A. A
comparison of magnetperformanceandpredictedquenchcurrentbasedon the short

sampledatais givenin Table 1 andTable2 showsthemeasuredquenchcurrentat different
temperaturesduringfour cooldowns.

Table 1: Predictedcritical currentatdifferent temperatures

TemyK PredictedIpuench

4.35 7310A

4.22 7470 A
3.80 K 7960A



Table 2: Measuredquenchcurrentat differenttemperaturesduring four test cycles.

ThermalCycle Teniperature MeasuredIpuench

1 4.35 K 7425 ±9A

2 4.36K 7486 ±5A

3 4.29K 7385 ±7A

4 4.35K 7425 ±3A

1 4.17K 7681 ±9A

2 4.17 K 7695 ±11A
3 4.19 K 7554 ±52A

4 4.18K 7651 ±8A

2 3.81 K 7486 ±8 A

3 3.82 K 7385 ±16A

4 3.82 K 7425 ±1OA

Theerrorbarson themeasureddataarethestandarddeviationof plateaucurrents
dividedby thesquarerootof thenumberof quenchesfor eachtemperaturefor eachthermal

cycle.
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4.35 K Ramp Rate Study:

4.2 K Plateau quenches:

4.35K Ramp Rate Study:

0SA324 was cooled down four times and it experienced a total of 112 spontaneous quenches at 4.3 K, 4.2 K and 3.8 K. It is equipped
with four SSC2 12 inch long type heater strip, one in each quadrant.

Quench File Summary
DSA324

File I-rn Idot I-t Not QDC MIITs t-Q V-max Coil tH VH Tt Tm Tb P LL Location

First Thermal Cycle
4.35K Plateau quenches:

1

2
3
4
5
6

0. 0.0 0.0 V-dI
0. 0.0 0.0 V-dI

16. 0.0 0.0 U-L

0 1002.
1 997.
2 7382.

3 7436.
4 7421.
5 7455.
6 7436.
7 7421.

0.0 0.000
0.0 0.000
0.0 -.012

16. 0.0
16. 0.0
16. 0.0
16. 0.0
16. 0.0

-6. UI 0.000
-6. UI 0.000

-27. LI 0.000

4.30 831.
4.31 878.
4.33 880.

7 8 1421. 25. 0.0
8 9 7240. 50. 0.0
9 10 7122. 75. 0.0
10 11 6897. 100. 0.0
11 12 6790. 125. 0.0
12 13 6476. 200. 0.0
13 14 6682. 150. 0.0
14 15 6344. 250. 0.0
15 16 6217. 300. 0.0
16 17 7426. 16. 0.0

71. manual trip to check safety
71. ckts and system
82. First spontaneous quench

IL19SL 3.3 ms from lead tap
69. IL19SR 6.0 ms from ramp splice
71. IL19SR 6.2 mc from lead tap
70. IL19SR 4.7 ms from ramp splice
85. IL19SR 7.2 ms from return tap
68. IL19SR 6.5 ms from return tap

- .012
- .011
- .009
- .013
- .012

- .006
- .006
- .007
- .015
- .012
- .020
- .018
- .019
- .016
- .012

- .007
- .007
- .007
- .007
0.000
- .008
-.013

-30.
-28.
-30.
-29.
-29.

-23.
-24.
-25.
-27.
-24.
-31.
-32.
-31.
-30.
-28.

-28.
-29.
-28.
-30.

1.
-28.
-31.

LI 0.000
LI 0.000
LI 0.000
LI 0.000
LI 0.000

UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
LI 0.000

LI 0.000
LI 0.000
LI 0.000
LI 0.000
LO 0.000
LI 0.000
LI 0.000

59.
75.
63.
58.
58.
55.
90.
78.
75.
81.

IU Multi
IU Multi
IU Multi
IU Multi
IU Multi
IU Multi
IU Multi
IU Multi
IU Multi

Turn
Tu r n
Turn
Turn
Turn
Turn
Turn
Turn
Turn

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

U-L
U-L
U-L
U-L
U-L

U-L
U-L
U-L
U-L
U-L
U-L
U-L
U-L
U-L
U-L

U-L
U-L
U-L
U-L
U-L
U-L
U-L

V-d I
Cu L
Cu L
U-L
U-L
U-L
U-L
U-L

U-L
U-L
U-L
U-L
U-L
U-L
U-L

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

17 18 7690.
18 19 7881.
19 20 7668.
20 21 7676.

22 72.
21 23 7656.
22 24 7705.

25 1002.
28 1438.
21 797.

23 28 7504.
24 29 7490.
25 30 7470.
26 31 7480.
27 32 7480.

0. 4.36
0. 4.38
0. 4.40

0. 4.40
0. 4.36
0. 4.40
0. 4.39
0. 4.39

0. 4.33
0. 4.40
0. 4.39
0. 4.39
0. 4.39
0. 4.40
0. 4.39
0. 4.36
0. 4.40
0. 4.39

0. 4.21
0. 4.21
0. 4.21
0. 4.21
0. 4.20
0. 4.20
0. 4.20

0. 4.44
0. 4.41
0. 4.40
0. 4.42
0. 4.41
0. 4.40
0. 4.40
0. 4.41

0. 4.38
0. 4.40
0. 4.39
0. 4.41
0. 4.40
0. 4.41
0. 4.39

16. 0.0
18. 0.0
18. 0.0
16. 0.0
0. 0.0

16. 0.0
16. 0.0

0. 0.0
0. 0.0
0. 0.0

18. 0.0
18. 0.0
16. 0.0
16. 0.0
16. 0.0

4.31
4.32
4.34

4.34
4.30
4.34
4.34
4 .33

4.28
4.33
4.33
4 .34
4.34
4.34
4.34
4.31
4.33
4.33

4.16
4.16
4.18
4.16
4.16
4.16
4.18

4.38
4.35
4 .34
4.35
4.35
4.33
4.34
4.34

4.31
4.34
4 .34
4.35
4.34
4.36
4.34

IL19SL 3.75 ms from lead tap

4.33
4.29
4.32
4 .33
4.32

4.28
4.31
4.32
4.33
4.33
4.34
4.33
4.30
4.32
4.32

4.16
4 .16
4.15
4.15
4.15
4.15
4.15

4.37
4.34
4.34
4.34
4.33
4.31
4.33
4 .33

4.30
4.32
4.33
4.34
4.33
4.33
4.33

861.
867.
879.
851.
847.

809.
856.
851.
853.
853.
857.
859.
826.
864.
863.

721.
721.
718.
718.
715.
715.
715.

881.
859.
851.
871.
859.
862.
852.
858.

852.
855.
841.
867.
850.
853.
845.

73. IL19SR
58. IL19SR
78. IL18SR
83. IL19SR
84. Trip
81. IL19SR
82. IL19SR

5.6
4.0

ms
ms

from
from

ramp
ramp

splice
splice

4.0
4.3

ms
rns

from
from

return tap
ramp splice

Second Thermal Cycle

0.000 -6. UI 0.000
0.000 0. UI 0.000
0.000 0. UI 0.000
-.015 -32. LI 0.000
-.009 -31. LI 0.000
-.011 -29. LI 0.000
-.013 -31. LI 0.000
-.013 -31. LI 0.000

28 33 7480.
29 34 7245.
30 35 7167.
31 36 6985.
32 37 8775.
33 38 6525.
34 39 8295.

25.
50.
75.

100.
150.
200.
300.

0.0
0.0
0.0
0.0
0.0
0.0
0.0

rnanua I
trip
trip
IL19SR
IL19SR
IL19SL
IL19SR
IL19SR

- .011
- .007
- .008
- .014
- .017
- .017
- .016

5.5 ms from ramp splice
4.1 ms from ramp splice

trip to check system s.ckts

2.3 ms from ramp splice
4.7 ms from ramp splice
2.75 ms from lead tap
4.8 ms from ramp splice
4.5 ms from ramp splice

2.5 ms from lead tap-28.
-24.
-25.
-30.
-32.
-31.
-31.

78.
69.
71.
81.
67.
82.
74.
64.

68.
68.
69.
71.
73.
76.
78.

LI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000

IL19SL
IU Multi Turn
IU Multi Turn
IU Multi Turn
IU Multi Turn
IU Multi Turn
IU Multi Turn

4.2 K Plateau Quenches:



3.8 K Plateau quenches:

3.8 K Plateau Quenches:

4.2K Ramp Rate Study:

35
36

40 7490.
41 7749.

16.
16.

0.0
0.0

0.0
0.0

U-L
U-L

0.0 -.012 -30. LI 0.000
0.0 -.007 -28. LI 0.000

0. 4.40 4.34 4.33 850.
0. 4.22 4.16 4.15 719.

78.
82.

IL19SL 2.5 ms from lead tap
IL19SR 5.7 ms from ramp splice

37
38
39
40
41
42
43

44
45

46

42 7671.
43 7705.
44 7739.
45 7558.
46 7749.
47 7739.
48 7749.
49 189.
50 7705.
51 7651.
52 2412.
53 7715.
54 6442.

16.
16.
16.
16.
16.
16.
16.
0.

18.
25.
0.

25.
0.

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

U-L
U-L
U-L
U-L
U-L
U-L
U-L

V-dI
U-L
U-L

V-dI
U-L

V-dI

0.0 -.009 -28. LI 0.000
0.0 -.007 -27. LI 0.000
0.0 -.007 -24. LI 0.000
0.0 -.014 -38. LI 0.000
0.0 -.007 -27. LI 0.000
0.0 -.009 -28. LI 0.000
0.0 -.008 -27. LI 0.000
0.0 0.000 1. LO 0.000
0.0 -.012 -29. LI 0.000
0.0 -.009 -27. LI 0.000
0.0 0.000 -14. UI 0.000
0.0 -.007 -27. LI 0.000
0.0 0.000 -37. UI 0.000

0. 4.21 4.16 4.15 714.
0. 4.21 4.16 4.15 712.
0. 4.21 4.15 4.14 712.
0. 4.21 4.16 4.15 713.
0. 4.21 4.15 4.15 712.
0. 4.21 4.15 4.14 711.
0. 4.21 4.16 4.15 712...
0. 4.21 4.16 4.15 713.
0. 4.21 4.16 4.15 712.
0. 4.21 4.15 4.15 713.
0. 4.21 4.15 4.15 715.
0. 4.21 4.15 4.14 711.
0. 4.21 4.15 4.15 711.

82.
83.
81.
67.
83.
79.
85.
84.
78.
66.
77.
81.
83.

IL19SR 4.5 ms from ramp splice
IL19SR 2.7 ms from ramp splice
IL19SR 3.0 ms from ramp splice
DL broke a voltage tap during ramp
IL19SR 5.6 ms from ramp splice
IL19SR 7.0 ms from ramp splice
IL19SR 3.3 ms from ramp splice
trip during ACloss study
IL19SR 3.3 ms from ramp splice
IL19SL 3.2 ms from lead tap
trip during upramp
IL19SL 2.0 ms from lead tap
Trip during upramp for harmonics

47 55 7890. 25. 0.0 0.0 U-L 0.0 -.005 -22. UI 0.000 0. 4.21 4.15 4.15 711. 83. IU Multi Turn

48 56 7921. 16. 0.0 0.0 U-L 0.0 -.015 -39. UI 0.000 0. 3.85 3.80 3.80 501. 79. OU
49 57 7935. 16. 0.0 0.0 U-L 0.0 -.015 -39. LI 0.000 0. 3.86 3.81 3.80 501. 76. DL
50 58 8161. 16. 0.0 0.0 U-L 0.0 -.006 -26. LI 0.000 0. 3.86 3.81 3.80 504. 80. IL19SR 7.2 ms from taps
51 59 8151. 18. 0.0 0.0 U-L 0.0 -.005 -26. LI 0.000 0. 3.84 3.80 3.79 490. 84. IL19SR 7.0 ms from taps

52
60 992.
81 7735.

0.
16.

0.0
0.0

0.0
0.0

V-dI
U-L

0.0 0.000 -6. UI 0.000
0.0 -.007 -28. LI 0.000

0. 4.22 4.18 4.15 717.
0. 4.21 4.16 4.15 716.

77.
78.

manual trip to check safety ckts
IL19SR 5.6 ms from ramp spflce

53 62 8180. 16. 0.0 0.0 U-L 0.0 -.006 -28. LI 0.000 0. 3.83 3.79 3.79 486. 81. IL19SR 6.0 ms from ramp splice
54 63 7935. 16. 0.0 0.0 U-L 0.0 -.022 -42. LI 0.000 0. 3.86 3.81 3.80 502. 76. DL
55
56

64 8195.
65 8190.

16.
16.

0.0
0.0

0.0
0.0

U-L
U-L

0.0 -.006 -26. LI 0.000
0.0 -.006 -24. LI 0.000

0. 3.85 3.79 3.78 500.
0. 3.85 3.79 3.78 499.

76.
77.

IL19SR 6.0 ms from ramp splice
IL19SL 6.0 ms from lead tap

57 66 7661. 50. 0.0 0.0 U-L 0.0 -.006 -24. UI 0.000 0. 4.22 4.16 4.15 717. 78. IU Multi Turn
58 67 7196. 100. 0.0 0.0 U-L 0.0 -.011 -32. UI 0.000 0. 4.22 4.16 4.16 718. 70. IU Multi Turn
59 68 6770. 200. 0.0 0.0 U-L 0.0 -.015 -32. UI 0.000 0. 4.22 4.16 4.18 718. 75. IU Multi Turn
60 69 6530. 300. 0.0 0.0 U-L 0.0 -.020 -31. UI 0.000 0. 4.22 4.16 4.15 717. 81. IU Multi Turn
81
62

70 7661.
71 7627.

16.
16.

0.0
0.0

0.0
0.0

U-L
U-L

0.0 -.013 -29. LI 0.000
0.0 -.009 -30. LI 0.000

0. 4.22 4.17 4.16 722.
0. 4.22 4.17 4.16 722.

78.
79.

IL19SR 3.0 ms from ramp splice
IL19SR 2.5 ms from ramp splice

63
64

72 7642.
73 7656.
74 7274.

16.
16.
16.

0.0
0.0
0.0

0.0
0.0
0.0

U-L
U-L

Vtot

0.0 -.013 -30. LI 0.000
0.0 -.008 -29. LI 0.000
0.0 0.000 -41. UI 0.000

0. 4.22 4.17 4.16 721.
0. 4.22 4.16 4.16 718.
0. 4.21 4.16 4.15 715.

97.
81.
91.

IL19SR 2.5 ms from ramp splice
IL19SR 5.0 ms from ramp splice
Trip

65 75 7866. 16. 0.0 0.0 U-L 0.0 -.008 -29. LI 0.000 0. 4.21 4.16 4.15 714. 69. IL19SR 5 ms from ramp splice
66 76 7661. 16. 0.0 0.0 U-L 0.0 -.012 -30. LI 0.000 0. 4.21 4.18 4.15 715. 77. IL19SR 2.5 ms from ramp splice
67 77 7671. 16. 0.0 0.0 U-L 0.0 -.008 -29. LI 0.000 0. 4.21 4.16 4.15 715. 70. IL19SR 5 ms from ramp splice

78 6990. 0. 0.0 0.0 Cu L 0.0 0.000 -1. UI 0.000 0. 4.22 4.16 4.16 720. 71. TRIP
79 7054. 0. 0.0 0.0 Cu L 0.0 0.000 -1. UI 0.000 0. 4.21 4.16 4.15 714. 75. TRIP

Third Cooldown
4.3 K quenches:

80 91. 100. 0.0 0.0 Cu L 0.0 0.000 0. UI 0.000 0. 4.21 4.16 4.15 716. 74. TRIP
81 1002. 0. 0.0 0.0 V-dI 0.0 0.000 -6. UI 0.000 0. 4.21 4.16 4.15 716. 82. MANUAL TRIP TD CHECK SAFETY CKTS.
82 997. 0. 0.0 0.0 V-dI 0.0 0.000 -6. UI 0.000 0. 4.21 4.18 4.15 716. 80. DUMP, SYSTEM CHECK
83 4131. 16. 0.0 0.0 Vtot 0.0 -.001 -25. UI 0.000 0. 4.40 4.34 4.33 865. 90. TRIP

68
69

84 7372.
85 7392.

16.
16.

0.0
0.0

0.0
0.0

U-L
U-L

0.0 -.014 -32. LI 0.000
0.0 -.011 -26. LI 0.000

0. 4.39 4.33 4.32 881.
0. 4.34 4.27 4.26 845.

76.
99.

IL19SR 2 ms from ramp splice
IL19SL 4 ms from lead tap

70
71

86 7392.
87 7627.
88 7000.

16.
16.
0.

0.0
0.0
0.0

0.0
0.0
0.0

U-L
U-L

Cu L

0.0 -.009 -28. LI 0.000
0.0 -.014 -31. LI 0.000
0.0 0.000 -1. LI 0.000

0. 4.29 4.23 4.22 861.
0. 4.21 4.17 4.16 722.
0. 4.22 4.17 4.16 724.

96.
81.
76.

IL19SL 4.7 ms from lead tap
IL19SR 3.5 ms from ramp splice
Trip

89 7039. 0. 0.0 0.0 Cu L 0.0 0.000 -1. UI 0.000 0. 4.21 4.17 4.16 722. 74. Trip
72 90 7529. 16. 0.0 0.0 U-L 0.0 -.025 -37. UI 0.000 0. 4.20 4.16 4.15 719. 68. DU
73 91 6902. 100. 0.0 0.0 U-L 0.0 -.008 -28. UI 0.000 0. 4.20 4.16 4.15 719. 57. IU MJLTI TURN
74 92 7822. 16. 0.0 0.0 U-L 0.0 -.005 -23. UI 0.000 0. 4.21 4.16 4.15 723. 74. UI JJLTI TURN



93 7010. 0. 0.0 0.0 Cu L 0.0 0.000 0. UI 0.000 0. 4.21 4.18 4.15 721.
94 6932. 0. 0.0 0.0 Cu L 0.0 0.000 0. LI 0.000 0. 4.21 4.16 4.16 722.

85 125 7480. 16. 0.0 0.0 U-L 0.0 -.010 -27. LI 0.000 0. 4.22 4.18 4.17 730. 80. IL19SL 9 ms from Lead tap

3.8 K quench studies:

75 95 7754. 16. 0.0 0.0 U-L 0.0 -.015 -24. UI 0.000 0. 3.84 3.80 3.80 496.
76 96 7725. 16. 0.0 0.0 U-L 0.0 -.016 -36. LI 0.000 0. 3.84 3.79 3.79 495.
77 97 7867. 16. 0.0 0.0 U-L 0.0 -.021 -38. UI 0.000 0. 3.84 3.80 3.80 495.
78 98 7637. 16. 0.0 0.0 U-L 0.0 -.015 -24. UI 0.000 0. 3.86 3.82 3.80 505.
79 99 7984. 16. 0.0 0.0 U-L 0.0 -.014 -39. UI 0.000 0. 3.84 3.80 3.80 496.
80 100 8063. 16. 0.0 0.0 U-L 0.0 -.006 -28. LI 0.000 0. 3.85 3.81 3.80 503.
81 101 8102. 16. 0.0 0.0 U-L 0.0 -.005 -27. LI 0.000 0. 3.84 3.79 3.79 494.
82 102 8023. 16. 0.0 0.0 U-L 0.0 -.010 -24. LI 0.000 0. 3.85 3.81 3.80 500.

83 103 8107. 16. 0.0 0.0 U-L 0.0 -.005 -26. LI 0.000 0. 3.84 3.80 3.80 498.
84 104 8097. 16. 0.0 0.0 U-L 0.0 -.006 -26. LI 0.000 0. 3.85 3.81 3.80 504.

Heater Studies:

73. Trip
76. Trip

95. UI MULTI TURN
92. DL
96. DU
92. IU MULTI TURN
70. OU
81. IL19SR 7 ms from Lead tap
95. IL19SR 7 ms from Lead tap
89. IL18SL 4 ms from lead tap 415

non pole turn quench
86. IL19SR 8 ms form Lead tap
92. IL19SR 6 ms form Lead tap

105 1991. 0. 0.0 0.0 U-L 0.0 -.200 -12. UI 0.000 0. 4.26 4.22 4.21 761. 79.
106 1991. 0. 0.0 0.0 U-L 0.0 -.170 -12. UI 0.000 0. 4.25 4.20 4.20 753. 79.
107 1991. 0. 0.0 0.0 U-L 0.0 -.150 -12. UI 0.000 0. 4.26 4.21 4.21 761. 79.
108 1991. 0. 0.0 0.0 U-L 0.0 -.145 -12. UI 0.000 0. 4.27 4.22 4.21 765. 78.
109 4993. 0. 0.0 0.0 U-L 0.0 -.025 -30. UI 0.000 0. 4.27 4.22 4.22 761. 79.
110 4993. 0. 0.0 0.0 U-L 0.0 -.020 -30. UI 0.000 0. 4.26 4.21 4.20 757. 80.
111 4993. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.27 4.22 4.22 768. 79.
112 4993. 0. 0.0 0.0 U-L 0.0 -.010 -30. UI 0.000 0. 4.30 4.23 4.22 780. 78.
113 4993. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.29 4.23 4.22 842. 81.
114 -2. 0. 0.0 0.0 V-dI 0.0 0.000 1. LD 0.000 0. 4.28 4.21 4.20 755. 78.
115 -2. 0. 0.0 0.0 V-dI 0.0 0.000 0. LI 0.000 0. 4.26 4.21 4.20 758. 78.
116 1991. 0. 0.0 0.0 U-L 0.0 -.185 -12. UI 0.000 0. 4.27 4.23. 4.20 772. 79.
117 1991. 0. 0.0 0.0 U-L 0.0 -.170 -12. UI 0.000 0. 4.28 4.22 4.21 799. 78.
118 1991. 0. 0.0 0.0 U-L 0.0 -.155 -12. UI 0.000 0. 4.27 4.22 4.21 783. 81.
119 1991. 0. 0.0 0.0 U-L 0.0 -.155 -12. UI 0.000 0. 4.24 4.20 4.19 740. 81.
120 4993. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.26 4.20 4.19 769. 78.
121 5002. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.33 4.22 4.20 808. 78.
122 4993. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.20 4.15 4.15 718. 83.
123 4993. 0. 0.0 0.0 U-L 0.0 -.095 -30. UI 0.000 0. 4.20 4.15 4.15 717. 79.
124 4993. 0. 0.0 0.0 U-L 0.0 -.075 -30. UI 0.000 0. 4.20 4.15 4.15 717. 79.

Fourth Cooldown

0.0 0.000
0.0 0.000
0.0 -.015

126 992. 0. 0.0 0.0 V-dI -6. UI 0.000 0.4.394.274.25857. 6.
127 987. 0. 0.0 0.0 V-dI -6. UI 0.000 0. 4.38 4.29 4.28 855. 12.

86 128 7431. 16. 0.0 0.0 U-L -32. LI 0.000 0. 4.38 4.31 4.31 848.
first spontaneous quench

78.
this coo

87 129 7421. 16. 0.0 0.0 U-L 0.0 -.013 -30. LI 0.000 0. 4.41 4.36 4.35 878. 78.
88 130 7421. 16. 0.0 0.0 U-L 0.0 -.012 -30. LI 0.000 0. 4.39 4.34 4.33 856. 78.
89 131 7426. 16. 0.0 0.0 U-L 0.0 -.013 -30. LI 0.000 0. 4.39 4.33 4.32 854. 68.
90 132 7690. 16. 0.0 0.0 U-L 0.0 -.008 -28. LI 0.000 0. 4.21 4.16 4.16 720. 83.
91 133 7676. 16. 0.0 0.0 U-L 0.0 -.008 -28. LI 0.000 0. 4.21 4.16 4.16 720. 83.
92 134 7661. 16. 0.0 0.0 U-L 0.0 -.011 -28. LI 0.000 0. 4.21 4.16 4.16 720. 83.
93 135 7387. 8. 0.0 0.0 U-L 0.0 -.009 -30. LI 0.000 0. 4.21 4.16 4.16 720. 83.
94 136 7627. 16. 0.0 0.0 U-L 0.0 -.018 -28. LI 0.000 0. 4.18 4.17s**s* 734. 75.
95 137 7637. 16. 0.0 0.0 U-L 0.0 -.007 -27. LI 0.000 0. 4.18 4.16-4.41 720. 73.
96 138 7612. 18. 0.0 0.0 U-L 0.0 -.013 -28. LI 0.000 0. 4.21 4.19-4.71 750. 79.
97 139 7602. 16. 0.0 0.0 U-L 0.0 -.010 -26. LI 0.000 0. 4.16 4.15-5.68 717. 77.
98 140 7642. 16. 0.0 0.0 U-L 0.0 -.008 -28. LI 0.000 0. 4.23 4.22s*s*s 768. 77.
99 141 7661. 18. 0.0 0.0 U-L 0.0 -.008 -28. LI 0.000 0. 4.17 4.17-1.34 724. 76.

3.8 K quench
100 142

studies:
8102. 18. 0.0 0.0 U-L 0.0 -.007 -28. LI 0.000 0. 3.81 3.80ss*** 497. 75. XL19SR

101 143 8118. 16. 0.0 0.0 U-L 0.0 -.007 -25. LI 0.000 0. 3.82 3.81s**s* 503. 76. IL19SR
102 144 8121. 16. 0.0 0.0 U-L 0.0 -.006 -26. LI 0.000 0. 3.83 3.82-2.81 507. 75. IL19SR
103 145 8118. 16. 0.0 0.0 U-L 0.0 -.007 -26. LI 0.000 0. 3.82 3.81s**s* 503. 77. IL19SR

IL19SR 2.5 ms from Lead tap
down ,during a strain gage run
IL19SR 5 ms from Lead tap
IL19SR 4.5 ms from Lead tap
IL19SR 5.5 ms from Lead tap
ILX9SR 6 ms from Lead tap
IL19SR 4 ms from Lead tap
IL19SR 7 ms7ms from LeadRE
IL19SL 3 ms from Lead tap
ILl9s 8 ms from Lead tap
IL19SR 4 ms from Lead tap
IL19SR 5 ms from Lead tap
IL19SL S ms from Lead tap
IL19SR 4 ms from Lead tap
IL19SR 5.5 ms from Lead tap

tap

6.5 ms from Lead tap
6.5 ms from Lead tap
5 ms from Lead tap
2.5 ms from Lead tap



104 146 8136. 16. 0.0 0.0 U-L 0.0 -.008 -26. LI 0.000 0. 3.81 3.80***** 498. 70. IL19SR & its from Lead tap
147 4136. 16. 0.0 0.0 Cu L 0.0 0.000 0. UI 0.000 0.ssss*s*s*s*ss** 726. 86. Trip-lost thermometers s

4.2 K quenches:
105 148 7627. 25. 0.0 0.0 U-L 0.0 -.006 -22. UI 0.000 0.*************** 713. 86. IU Multiturn lost thermometrs
106 149 7671. 16. 0.0 0.0 U-L 0.0 -.014 -29. LI 0.000 0. 4.21 4.18 4.16 719. 85. IL19SR 3.5 ms from Lead tap

Heater Studies

150 1977. 0. 0.0 0.0 U-L 0.0 -.150 -12. UI 0.000 0. 4.21 4.16 4.15 717. 85.
151 4983. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.21 4.16 4.16 720. 81.
152 1977. 0. 0.0 0.0 U-L 0.0 -.180 -12. UI 0.000 0. 4.21 4.16 4.16 717. 82.
153 1962. 0. 0.0 0.0 U-L 0.0 -.180 -12. UI 0.000 0. 4.22 4.17 4.16 727. 77.
154 4988. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.22 4.17 4.16 727. 77.
155 1988. 0. 0.0 0.0 U-L 0.0 -.165 -12. UI 0.000 0. 4.21 4.16 4.16 719. 83.
166 4978. 0. 0.0 0.0 U-L 0.0 -.020 -30. UI 0.000 0. 4.21 4.16 4.16 718. 83.
157 1967. 0. 0.0 0.0 U-L 0.0 -.170 -12. UI 0.000 0. 4.21 4.16 4.16 717. 77.
158 4973. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.21 4.16 4.16 718. 78.
169 1981. 0. 0.0 0.0 U-L 0.0 -.165 -12. UI 0.000 0. 4.21 4.16 4.16 718. 79.
160 4978. 0. 0.0 0.0 U-L 0.0 -.015 -30. UI 0.000 0. 4.21 4.16 4.16 718. 79.
181 1981. 0. 0.0 0.0 U-L 0.0 -.160 -12. UI 0.000 0. 4.21 4.16 4.16 718. 79.
162 4978. 0. 0.0 0.0 U-L 0.0 -.020 -30. UI 0.000 0. 4.21 4.18 4.16 718. 79.
163 1981. 0. 0.0 0.0 U-L 0.0 -.160 -12. UI 0.000 0. 4.21 4.16 4.16 718. 79.
164 4968. 0. 0.0 0.0 U-L 0.0 -.020 -30. UI 0.000 0. 4.21 4.16 4.16 718. 79.

4.2 K quenches:

107 165 7676. 16. 0.0 0.0 U-L 0.0 -.010 -27. LI 0.000 0. 4.21 4.16 4.16 720. 73. IL19SR 10 ms10 ms from Lead tap
108 166 7646. 25. 0.0 0.0 U-L 0.0 -.005 -26. LI 0.000 0. 4.20 4.15 4.15 717. 74. IL19SR 2 ms from Lead tap
109 167 7318. 16. 0.0 0.0 U-L 0.0 -.155 28. UD 0.000 0. 4.34 4.23 4.21 897. 79. OU
110 168 7646. 16. 0.0 0.0 U-L 0.0 -.008 26. UI 0.000 0. 4.21 4.17 4.16 718. 90. IU Multiturn
111 169 7637. 16. 0.0 0.0 U-L 0.0 -.013 19. LI 0.000 0. 4.22 4.17 4.17 728. 73. IL19SR 4 ms from Lead tap
112 170 7666. 16. 0.0 0.0 U-L 0.0 -.008 18. LI 0.000 0. 4.21 4.16 4.15 720. 78. IL19SR 4 ms from Lead tap

170 7666. 16. 0.0 0.0 U-L 0.0 -.008 18. LI 0.000 0. 4.21 4.16 4.15 720. 76.

SUMARY V03.13

FDRMAT:

Q# File I-rn Idot I-t Idot QDC MIITs t-Q V-max Coil tH VH Tt Tm Tb P LL Location
+ +----+ +----+-+

As, IS, F8.0,F5.0,F5.1,F5.1, A5,F5.1, F8.3, P6.0, A4, F6.3,F5.0,F5.2,F5.2,F5.2,F5.0,F5.0,2X,A30

NDTATIDN KEY

Quench number or Spot heater number e.g. s4 is spot heater 4
File Quench file number
I-m Main coil current at quench
Idot Main coil dI/dt at quench
I-t Trim coi I current at quench
Idot Trim coil dI/dt at quench
QDC Name of quench detection circuit which tripped:

1 U-L Upper - Lower Coil
2 V-dI Magnet - Idot
3 SC L SC Pwr Leads - Idot
4 Vtot Magnet
5 Trim Trim Coil
6 CuL CuPwrLeads-IR
7 OndI Ground Fault Monitor
8 Thru Through Bus - Idot

MIITs Integral of Is*2dt from t-Q to "infinity" .

t-q Time first voltage appears in VUpper - VLower relative to quench detection time
V-max Maximum voltage across any quarter coil



Coil Coil corresponding to V-maxtQl Protection heater firing time relative to quench detection time -.999 if heater did not fireVH Protection heater firing voltage; -999. if heater did not fireTt Temperature at top of magnetTm Temperature .t middle of magnetTb Temperature at bottom, of magnetP Dewar pressure Tort.LL Liquid level %
Location quench or spot heater locaHon
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NOTE:
1.VDLTAGE TAP WIRES FOR TAPS OA. 198. AND

THE HALF COIL TAP ARE 022 AWG TEFLON INSULATED.
2.THE REMAINING VOLTAGE TAP WIRES ARE

#32 AWG TEFLON INSULATED.
3.TAP WIRES WITH THE SAME NUMBER AT EACH END

SHOULD FORM A TWISTED PAIR A-B AND C-D.
4.VOLTAGE TAP WIRE SHOULD FOLLOW THE CABLE TO

WHICH THEY ARE SOLDERED UNTIL THEY MEET AND
ARE TWISTED WITH THEIR MATE.

5.COIL AS VIEWED FROM INSIDE.
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402: V Top Romp Splice Lc.ver Inner 19B-19A Volts
-2. 1. 4. 7. 1O.E-2
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404: V lap Return End R-L L Inner 19C-19D Volts
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495: V Tap Str. Sec. L L Inner 1SD-18B VoItá

I I I I I I I I I I I I I I I I
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406: V Tap Lead End L-R L Inner 18B-18A VoTfs
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DSA324 Quench Current vs Temperature
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