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Summary of DSA326 Quenches

DSA326 is the fourth Fermilab 50 mm apertureshort SSC dipole magnet.This magnet

experiencedthreethermalcyclesduringwhich it wasquenchedspontaneousquenchesa total of

54 times.Testsduring thefirst cooldownincludedquenchtrainingat temperaturesof 4.3 K and

4.2 K. During thesecondandthird cooldownthemagnetwasquenchedat temperaturesof 4.3 K,

4.2 K and 3.8 K. Thefirst and secondcooldowntests also includedramping down of magnet

from 6500A at high ratesup to 400 A/S, straingageruns to >7300A at 4.3 K and harmonics

measurementsasa functionofcurrent atthecenterof themagnet and asa functionof positionat

5000 A. Someadditional testsperformedduring the secondcooldown included ramp rate

dependencestudyof quenchcurrentat 4.3 K. Heaterinducedquenchstudiesweredoneduring the

first thermalcycle. Throughoutthemagnettesttheboretubewasevacuatedexceptduring magnetic

measurementtests. Thezerocurrentendpreloadduring thefirst two cooldownswason theorder

of 250 lbs./bullet andit wasincreasedto 4000 lbs.Ibullet at ambienttemperaturefor the third

cycle of tests.Therewas no obviouschangein quenchperformancedue to the increasedend

preload. The measuredmagnet temperaturesused in this report are the averageof three

thermometersusedon themagnetandthetemperaturefluctuationis within .05Kunlessotherwise.

This report is a chronologicalsummaryof test resultsfollowed by a comparisonof magnet

performanceandpredictedquenchcurrentsat different temperatures.

QuenchHistory First Cooldown

A summaryof all thequenchfiles with quenchlocationsis attachedat theendof this reportand

the quenchhistory is plotted in Figure 1. Figure2 is a mapof voltage tap locationsusedto

determinethequenchorigins.Thequenchpropagationvelocity in straightsectionsof thecoil was

typically 80 mis and --33 mIs in ramp splicesduring a standardplateauquench. The first

spontaneousquenchoccurredduring a straingagerun Iq=7343A at 4.3 K, locatedin ramp

splicesidestraightsectionof theupperinnerturn 19 about3.3 ms 26 cm±5 cm from theramp-

splicevoltagetap.



2

The secondquenchwasin thepole turn at a currentof -7362A. The magnetachievedan

averageplateaucurrentof -7386A during the first cooldown.The magnetwasquenchedfour

times 4.3K at plateaucurrentbeforegoingon to a strain gagerun and then to quenchstudy at

4.2K. All standardplateauquenchesSPOJwere at a ramprateof 16 A/s and4.3 K. All quenches

originatedin thestraightsectionof theupperinnerpole turn. Fourquencheswereon ramp-splice

sideandonewason thenon ramp-splicesideof thecoil. Thequenchlocationwasabout38±5cm

from the leadtap i.e. rampsplicetap . The quenchvelocity of thesequencheswas-83 rn/s.

Figure 3 showsthevoltagesin threeearliestsegmentsfor a typical quench. Figure 4 showsthe

locationof a typical quench on the rampspliceand non-rampsplicesideof the coil. Figure5

showsthevoltagegrowthin threeearliestsegmentsdueto a typicalquenchon thesideoppositethe

ramp-splice.The locationof suchquenchesis -33cm±2 cm from the leadtap . The quench

currentshavea standarddeviationof -28A andthefull rangeof quenchcurrentsis almost70 A.

SeeTable 1 for details.

4.2 K Quenches

Themagnetdid not show any training at 4.2 K andreacheda currentof 7671 A in thefirst

quench.All 4.2 K quencheswere in turn 19 of upperinnercoil in thesamelocationpoleturn as

4.3 K quenches.Threequencheswerein thestraightsectionof thenon ramp splicesideofthe coil

andonewasin the rampsplicesideof thecoil. Themagnetwasrampedat anominalramprateof

16 A/s and an averagequenchcurrentof -7666A wasachieved.All quenchesin turn 19 were

about4 -5msfrom theleadvoltagetap andhad a Vq= 83 ails. Onequenchon rampsplicesideof

themagnetwas-7 ms 58±5 cm from therampsplicevoltagetap. Thequenchcurrentshavea

standarddeviationof -14A andthefull rangeof quenchcurrentsis 25 A. SeeTable1 for details.

Themagnettemperaturewasnot loweredany furtherduring thefirst thermalcycle.

QuenchHistory SecondCooldown

During the secondcooldownperiod there are someindicationsof magnettraining at some

pointsat both 4.3 K and4.2 K. Thequenchcurrentat eachtemperaturewassomewhat erraticand

the largespreadin quenchcurrentsat 16 A/s cannotbe explainedby temperaturefluctuations. The

locationof all the 16 A/s quenches,at 4.3 K and4.2K, wassimilar to thequenchesin thefirst test

cycle.Thefull rangeof quenchcurrentsis muchhigherfor thesecondtestcycle which is not fully

understood.Thereis no evidentlow ramprateplateauduring the secondcycleof cold tests.BNL

magnetDSA3O9 alsoshowedan erraticquenchplateauuntil a ramprateof2 A/s wastried.
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4.3K Quenches

Duringsecondcooldownthemagnetwasquenched19 times at 4.3K. Rampratestudieswas

alsodoneduring thesecondcooldown.All 16 A/s quencheswerein theupperinnerpole turn. The

first spontaneousquenchoccuredduring a strain gageramp 16 A/s. 4.35K at 7465 A. The

secondquenchwas at a lower currentof 7333 A 4.29K, which can not be explainedwith

temperaturefluctuations,still in thepole turn of theupperinnercoil. Themagnetquenchedtwice

closeto -7460A andonceat 7441 A. The quenchcurrenton five quencheswas similar to first

cooldownquenchesat about7400A and the remainingtwo quenchesof 16 A/s werecloseto

7420 A. T he wide rangeof quenchcurrentsat 16 A/s is quite evident during the second

cooldown.

4.2K Quenches

It wasthenquenched10 timesat4.2K. Onceagainall 16 A/s quenchesoccuredin upperinner

coil eitheron theramp spliceornon rampsplicesideof thecoil. The temperaturefluctuationfrom

quenchto quenchwas -.06K. The first quenchwas at 7460 A similar to quenchesin first test

cycle. Following threequencheswere near7500A andthe fifth quenchwas at a muchhigher

currentof 7661 A. The sevencthquenchwas 7568A almost100 A lower thantheprevioustwo

quenches.The magnetquenchedfour times closeto 7660 A andonceat 7612A. As mentioned

abovethemagnethada wide rangeof quenchcurrentsat 16 A/s. The magnettemperaturewas

thenloweredto 3.8 K.

RampRateStudies

Ramp rate dependenceof DSA326 was studiedduring the secondcooldownat 4.3K. The
magnetwasquenchedat a seriesof rampratesrangingfrom thenominal rateof 16 A/s to 300 A/s.

The only 6 A/s quenchin the secondcooldownwas at 7421A in the upperinnerpole turn. All
high rampratequenchesin secondtestcycle, from 25 - 300 A/s, werein theupperinnermultiple
turn ratherthanin oneof therampsplices.All ofthesequenchesoriginatednearthe leadendtapof

theupperinnercoil in turn 13 on therampsplicesideof thecoil. Sincethemultiple turnsare not

very well instrumented,its ratherdifficult to pinpointtheexactlocationof thesequenches.Figure

6 comparesthe ramp rate dependenceof D5A326with other50 mm aperturemagnets.All the

quenchesduring third testcycle wereat 16 A/s.
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QuenchHistory Third Cooldown

Themagnetwasrecooledthethird time. It wasthenquenchedsix timesat 4.3K. Thelocation

of all 16 A/s quencheswassimilar to thequenchesin previoustwo coolodowns,i.e; pole turn of

upper inner coil. The temperaturefluctuationfrom quenchto quench was -.05K. At 4.3K the

quenchcurrentshaveastandarddeviationof -22andthefull rangeof quenchcurrentsis almost54

A at 16 A/s. The only quenchat 4.2K during third cooldown was at 7656 A. The magnet

temperaturewasthenloweredto 3.8 K.

Low TemperatureStudies

DSA326temperaturewasloweredto 3.8 K during thesecondandthird cooldowns.During the

secondtestcycle it wasquenchedfive timesat3.8K. All thequencheswerein theupperinnerpole

turn. Thefirst quenchwasat 7930A about2 ms -17 cm from therampsplicevoltagetap. Then

themagnetwasquenchedfour timesandit reacheda plateaucurrentof -8126A. Thesequenches

were-4 ms from therampsplicevoltage tap in thestraightsectionof theupperinnercoil turn 19,
with a quenchvelocity Vq 83 rn/s. A straingagerun was also takenduring low temperature

studies.At lowertemperaturetheplateauquenchcurrentshada standarddeviationof 7 A andthe

spreadin plateauquenchcurrentswasalsovery small15 A.

During thethird cooldownthemagnetwasquenchedthreetimes at 3.8K andit exhibitedno

retraining.All quencheswerestandardplateauquenches.It reachedan averagequenchcurrentof

8105 A with a standarddeviationof-14A. Table 1 showsthis andtheaveragetemperatureduring

eachtestcycle.

As discussedin TS-SSC90-26,the SSCdipole magnetsshouldbeable to ramp downat the

initial ramprateof -325A/s. To show magnettsstability DSA326wasrampeddownfrom 6500

A to 4000A at high rampratesof -100,-200 , -300and-400A/swithout quenching.At theendof

this cycle themagnetwasrampedat 16 A/s to quench.This testwasperformedduring the first and

secondtestcycles.

During the first two cooldownsthe zero currentend preload,at ambient temperature,was

-1.11 kIN -250 lbs. per bullet -30 in-lb torque/bullet.For third cooldown,the magnetend

preloadwasincreasedto -18kIN -4000lbs. perbullet andtheleadend screwswerealsotorqued

to -37 ft-lb/screw. Thereis no evidentdifferencein quenchcurrentsdueto increasedendpreload.
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TemperatureDependence

The quenchperformanceof a magnetdependson temperatureof helium bathin which the

magnetis immersed.Therelationbetweenquenchcurrentfor d]I/dt 16 A/s andtheaverageof the

threethermometersplacedattop, middle andbottomof themagnetis shownin Figure7. Thesolid

line in thefigure is thecritical currentaspredictedby Chris Quigg’sprogramusing Mike Green’s

parametrizationof thecritical surface.Table 1 showstheaveragesof quenchcurrentsat 16 A/s at

different temperaturestheaverageof threethermometersplacedon themagnetskin. A plateau

quenchfor this magnetis theonewhich originatesin thepoleturn ofupperinnercoil turn 19 and

is nearthemaximumcurrentfor a giventemperature.
The cableusedto wind the innercoils of DSA326 arefrom reel SSC3S-00021.The short

samplecritical currentIc at 7 Tesla,4.22 K for this cableis 10,079A. A comparisonof magnet

performanceandpredictedquenchcurrentbasedon theshortsampledatais given in Table2 and

Table1 showsthemeasuredquenchcurrentat differenttemperaturesduring threecooldowns.The
for frst four quenches,at 4.2K during the secondcooldown,wascloseto 7500 A, andtherest

six quencheswere at muchhighercurrents.Therearetwo averagequenchcurrentsfor second
cooldownat 4.2 K. Quenches2 thru 4 havebeenbunchedtoghetherandquenches5 thru 10 have

beengroupedtogetherin table 1.

Table 1: Measuredquenchcurrentatdifferent temperaturesduring four test cycles.

TestCycle# Temperature MeasuredIciuench Full Rangeofcurrent

1 4.34K 7386 ±11A

3 4.36K 7404 ±9A

1 4.17K 7666 ±9A
2 4.22 K 7518A 34A forquench2

thru quench4, testcycle#2

2 4.19 K 7642A 108A forquenchs
thru quench1 0,testcycle#2

3 4.18 K 7656A

2 3.80 K 8126 ±4 A
3 3.82 K 8105 ±9A
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Table 2: Predictedcritical currentat differenttemperatures

TemvKI PredictedJauench
4.35 7310A
4.22 7470 A
3.80 K 7960A

Theerrorbarson themeasureddataare thestandarddeviationof quenchcurrentsdivided

by thesquarerootof thenumberof quenchesfor eachtemperaturefor eachthermalcycle.

Distribution:

FNAL SSCL
R. Bossert A. Dewed
S. Delchamps R. Jayakumar
S. Gourlay J. Tompkins
T. Jaffery R. Wetterskog
W. Koska G. Snitchier
M. Lamm
G. Pewitt
J. Strait



quench File Summary
D5A326

Q# File I-m Idot I-t Idot QDC MIITs t-Q V-max Coil tH VH Tt Tm Tb F LL Location

4.3 K QUENCHES

4.2 KStudie

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.000
- .002
0.000
0.000
0.000
0.000
0.000
0.000
- .003

0.
7.
0.
0.
0.

-6.
-11.

-6.
-6.

UO 0.000
UO 0.000
UO 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000

0. 0.00
0. 4.23
0. 4.23
0. 4.23
0. 4.23
0. 4.23
0. 4.35
0. 4.36
0. 4.40

0.0
0.0
0.0
0.0
0.0
0.0

- .017
- .014
- .011
- .015
- .010
- .009

-25.
-23.
-25.
-25.
-26.
-24.

UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000

0. 4.39
0. 4.35
0. 4.40
0. 4.38
0. 4.35
0. 4.37

0.0 0.000
0.0 -.006
0.0 -.012
0.0 -.008

-6. UI 0.000
-24. UI 0.000
-24. UI 0.000
-24. UI 0.000

0. 4.20
0. 4.20
0. 4.20
0. 4.20

Heater tests

First Cooldown:
0
1

-75.
-86.

0.
0.

0.0
0.0

0.0
0.0

V-dI
Vtot

0.00
4.18

0.00
4.18

0.
744.

0.
73.

manual
manual

trip to check s.c.
trip to check s.c.

2
3
4
5
6
7

-3674.
-3865.
-4114.

1002.
1991.
1002.

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

Cu L
Cu L
Cu L
V-dI
U-L

V-dI

4.18
4.18
4.18
4.18
4.30
4.32

4.18
4.18
4.18
4.18
4.30
4.31

743.
743.
743.
743.
834.
845.

73.
73.
73.
72.
75.
72.

manual
manual
manual
manual
manual
manual

trip to check s.c.
trip to check s.c.
trip to check s.c.
trip to check s.c.
trip to check s.c.
trip to check s.c.

8 997. 0. 0.0 0.0 Vtot 4.35 4.36 874. 85. manual trip to check s.c.

1
2
3

9
10
11

7343.
7362.
7397.

16.
16.
16.

0.0
0.0
0.0

0.0
0.0
0.0

U-L
U-L
U-L

4.34
4.30
4.35

4.33
4.29
4.34

867.
853.
871.

74.
65.
69.

IU19SR
IU19SR
IU19SR

3.5 ms from Ramp Splice
3.5 ms from Ramp Splice
3.5 ms from Ramp Splice

4
5
6

12
13
14

7392.
7416.
7406.

16.
16.
16.

0.0
0.0
0.0

0.0
0.0
0.0

U-L
U-L
U-L

4.33
4.30
4.32

4.32
4.29
4.31

867.
866.
878.

66.
66.
67.

IU19SR
IU19SR
IU19SL

3.5 ms from Ramp spl
2.5 ms from Ramp SpI
4 ms from LE

15 1007. 0. 0.0 0.0 vtot 4.15 4.15 724. 76. Manual Trip to check system
7 16 7671. 18. 0.0 0.0 U-L 4.15 4.15 724. 78. IU19SL 4 ms from LE
8
9

17
18

7871.
7878.

18.
16.

0.0
0.0

0.0
0.0

U-L
U-L

4.15
4.15

4.15
4.15

724.
724.

59.
59.

IU19SR
IU19SL

7 ms from Ramp SpI
4.8 ms from LE

19 -6. 0. 0.0 0.0 V-dI 0.0 0.000 0. UD 0.000 0. 4.20 4.15 4.15 724. 84.
20 -2. 0. 0.0 0.0 V-dI 0.0 0.000 0. UO 0.000 0. 4.20 4.15 4.15 724. 84.
21 -2. 0. 0.0 0.0 V-dI 0.0 0.000 0. UO 0.000 0. 4.20 4.15 4.16 723. 75.
22 -2. 0. 0.0 0.0 U-L 0.0 0.000 0. 1.10 0.000 0. 4.20 4.15 4.15 723. 74.
23 1991. 0. 0.0 0.0 V-dI 0.0 -.325 -12. UI 0.000 0. 4.20 4.15 4.15 723. 74.
24 1991. 0. 0.0 0.0 V-dI 0.0 -.341 -12. UI 0.000 0. 4.20 4.15 4.15 723. 73.
25 2025. 0. 0.0 0.0 V-dI 0.0 -.285 -12. UI 0.000 0. 4.20 4.15 4.15 723. 73.
26 1986. 0. 0.0 0.0 V-dI 0.0 -.535 -12. UI 0.000 0. 4.20 4.15 4.15 723. 73.
27 1986. 0. 0.0 0.0 V-dI 0.0 -.492 -12. UI 0.000 0. 4.20 4.16 4.15 723. 74.
28 1986. 0. 0.0 0.0 V-dI 0.0 -.352 -12. UI 0.000 0. 4.20 4.15 4.15 723. 74.
29 1991. 0. 0.0 0.0 V-dI 0.0 -.347 -12. UI 0.000 0. 4.20 4.15 4.15 723. 74.
30 1986. 0. 0.0 0.0 V-dI 0.0 -.346 -12. UI 0.000 0. 4.20 4.15 4.16 723. 74.
31 1991. 0. 0.0 0.0 V-cAl 0.0 -.352 -12. UI 0.000 0. 4.20 4.15 4.16 723. 74.
32 4978. 0. 0.0 0.0 V-cAl 0.0 -.028 -30. UI 0.000 0. 4.20 4.15 4.15 723. 74.
33 4978. 0. 0.0 0.0 V-cAl 0.0 -.012 -30. UI 0.000 0. 4.20 4.15 4.15 723. 74.
34 4978. 0. 0.0 0.0 V-dI 0.0 -.036 -30. UI 0.000 0. 4.20 4.15 4.15 723. 74.
35 4978. 0. 0.0 0.0 V-cAl 0.0 -.032 -30. UI 0.000 0. 4.26 4.22 4.21 771. 48.
36 62. 100. 0.0 0.0 Vtot 0.0 -.002 7. U0 0.000 0. 4.20 4.16 4.15 724. 74.
37 1986. 0. 0.0 0.0 V-cAl 0.0 -.554 -12. UI 0.000 0. 4.20 4.16 4.15 724. 74.
38 1986. 0. 0.0 0.0 V-cAl 0.0 -.554 -12. UI 0.000 0. 4.20 4.16 4.15 724. 74.
39 1986. 0. 0.0 0.0 V-cAl 0.0 -.503 -12. UI 0.000 0. 4.20 4.16 4.15 724. 74.
40 1986. 0. 0.0 0.0 V-dI 0.0 -.515 -12. UI 0.000 0. 4.20 4.16 4.15 724. 74.
41 1986. 0. 0.0 0.0 V-cAl 0.0 -.518 -12. UI 0.000 0. 4.20 4.16 4.15 724. 74.
42 4973. 0. 0.0 0.0 V-cAl 0.0 -.050 -30. UI 0.000 0. 4.20 4.16 4.15 724. 74.
43 4978. 0. 0.0 0.0 V-cAl 0.0 -.045 -30. UI 0.000 0. 4.21 4.17 4.16 730. 75.
44 4968. 0. 0.0 0.0 V-cAl 0.0 -.061 -30. UI 0.000 0. 4.21 4.17 4.16 730. 75.
45 4978. 0. 0.0 0.0 V-cAl 0.0 -.049 -30. UI 0.000 0. 4.21 4.17 4.16 730. 75.
46 4978. 0. 0.0 0.0 V-cAl 0.0 -.060 -30. UI 0.000 0. 4.21 4.17 4.16 730. 75.
47 4978. 0. 0.0 0.0 V-dI 0.0 -.049 -30. UI 0.000 0. 4.21 4.17 4.16 730. 75.
48 -2. 0. 0.0 0.0 V-cAl 0.0 0.000 1. LU 0.000 0. 0.00 0.00 0.00 0. 0.
49 1986. 0. 0.0 0.0 V-cAl 0.0 0.000 -12. UI 0.000 0. 4.21 4.17 4.16 730. 75.



10 73 7646. 16. 0.0 0.0 U-L 0.0 -.006 -24. UI 0.000 0. 4.20 4.16 4.15 724. 74. IU19SL 4.5 ms from LE V tap

Ramp Rate Studie

50 1986. 0. 0.0 0.0 V-cAl 0.0 -.454 -12. UI 0.000 0. 4.20 4.16 4.15 725. 76.
51 1986. 0. 0.0 0.0 V-cAl 0.0 0.000 -12. UI 0.000 0. 4.20 4.16 4.15 725. 78.
52 1988. 0. 0.0 0.0 V-cAl 0.0 0.000 -12. UI 0.000 0. 4.20 4.16 4.15 725. 76.
53 4973. 0. 0.0 0.0 V-cAl 0.0 -.019 -30. UI 0.000 0. 4.20 4.16 4.16 725. 76.
54 4978. 0. 0.0 0.0 V-dI 0.0-.019 -30. U10.000 0. 4.204.164.15725. 76.
55 4973. 0. 0.0 0.0 V-cAl 0.0 -.004 -30. UI 0.000 0. 4.20 4;16 4.15 725. 76.
56 4973. 0. 0.0 0.0 V-cAl 0.0 -.006 -31. UI 0.000 0. 4.20 4.16 4.15 725. 76.
57 4978. 0. 0.0 0.0 V-cAl 0.0 -.007 -31. UI 0.000 0. 4.20 4.16 4.15 725. 76.
58 4978. 0. 0.0 0.0 V-cAl 0.0 -.002 -30. UI 0.000 0. 4.23 4.19 4.19 750. 73.
59 1991. 0. 0.0 0.0 V-cAl 0.0 -.520 -12. UI 0.000 0. 4.23 4.19 4.19 750. 73.
60 1991. 0. 0.0 0.0 V-cAl 0.0 -.519 -12. UI 0.000 0. 4.23 4.19 4.19 750. 73.
61 1986. 0. 0.0 0.0 V-cAl 0.0 -.621 -12. UI 0.000 0. 4.23 4.19 4.19 750. 73.
62 4973. 0. 0.0 0.0 V-cAl 0.0 -.044 -30. UI 0.000 0. 4.23 4.19 4.19 750. 73.
63 4973. 0. 0.0 0.0 V-cAl 0.0 -.045 -30. UI 0.000 0. 4.22 4.18 4.18 741. 75.
64 4978. 0. 0.0 0.0 V-dI 0.0 -.046 -30. UI 0.000 0. 4.22 4.18 4.18 741. 75.
65 1986. 0. 0.0 0.0 V-cAl 0.0 -.245 -12. UI 0.000 0. 4.20 4.16 4.16 725. 77.
66 1986. 0. 0.0 0.0 V-cAl 0.0 -.050 -12. UI 0.000 0. 4.20 4.16 4.15 725. 77.
87 1986. 0. 0.0 0.0 V-cAl 0.0 -.023 -12. UI 0.000 0. 4.20 4.16 4.15 725. 77.
68 1991. 0. 0.0 0.0 V-cAl 0.0 -.023 -12. UI 0.000 0. 4.20 4.16 4.15 725. 77.
69 1986. 0. 0.0 0.0 V-cAl 0.0 -.019 -12. UI 0.000 0. 4.20 4.16 4.15 725. 77.
70 4978. 0. 0.0 0.0 V-cAl 0.0 -.007 -31. UI 0.000 0. 4.20 4.16 4.15 725. 77.
71 4973. 0. 0.0 0.0 V-cAl 0.0 -.009 -31. UI 0.000 0. 4.20 4.16 4.15 726. 77.
72 4983. 0. 0.0 0.0 V-cAl 0.0 -.005 -31. UI 0.000 0. 4.20 4.16 4.15 725. 77.

4.3 1< QUENCHES

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

SeconcA CoolcAown:

74 997.
11 76 7466.
12 76 7333.
13 77 7426.
14 78 7406.
15 79 7392.
16 80 7397.
17 81 7460.
18 82 7402.
19 83 7441.
20 84 7397.

21 85 7421.
22 86 7421.
23 87 7372.
24 88 7328.
25 89 7044.
26 90 6936.
27 91 6770.
28 92 8594.
29 93 6687.

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.000
- .011
- .008
- .008
-.012
- .010
- .010
- .011
- .010
- .011
- .011

-6.
-27.
-22.
-21.
-26.
-24.
-26.
-26.
-25.
-26.
-26.

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
UI 0.000
UI 0.000

0. 4.41
0. 4.39
0. 4.33
0. 4.26
0. 4.38
0. 4.38
0. 4.39
0. 4.41
0. 4.39
0. 4.40
0. 4.39

73.
83.
87.
77.
58.
70.
76.
77.
68.
56.
74.

6.
16.
25.
50.

100.
150.
200.
300.
250.

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
0.0
0.0

manual
IU19SR
IU19SL
IU19SL
IU19SR
IU19SR
IU19SL
IU19SR
IU19SL.
IU19SR
IU19SR

trip
3.5
3.2
3 ms

3.S
4.2
3.8
3.5
2.5
3 ms

3 ms

to check safety ckt
ms from Ramp Splice
ms from LE tap

from LE tap
ms from Ramp SpI
ms from Ramp 5p1
ms from LE tap
ms from Ramp Spl
ms from LE tap

from Ramp SpI
from Ramp SpI

4.36
4.33
4 .27
4.20
4.31
4.33
4.32
4 .36
4 .33
4 .35
4.34

4.31
4.32
4.34
4.31
4.31
4.33
4.32
4.32
4.31

V-cAl
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
U-L
U-L
U-L
U-L
U-L
U-L
U-L

4 .36
4 . 33
4 .26
4.20
4.29
4 .32
4.32
4.35
4 . 33
4.34
4.34

4.30
4.31
4 .33
4.31
4.30
4 .32
4.31
4.31
4.31

-27. UI 0.000 0. 4.37
-25. UI 0.000 0. 4.38
19. UI 0.000 0. 4.40
21. UI 0.000 0. 4.36

-21. UI 0.000 0. 4.36
-22. UI 0.000 0. 4.38
-23. UI 0.000 0. 4.37
-25. UI 0.000 0. 4.38
-24. UI 0.000 0. 4.37

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

877.
855.
859.
850.
840.
868.
857.
906.
855.
911.
860.

870.
878.
867.
835.
860.
867.
846.
850.
851.

781.
774.
773.
770.
720.
727.
750.
718.
722.
766.

30 94
31 95
32 96
33 97
34 98
35 99
36 100
37 101
38 102
39 103

-.011
-.011
- .007
- .006
- .007
- .007
- .007
- .013
- .007

- .008
-.011
- .009
- .011
- .007
- .007
- .010
- .011
- .008
- .006

7460.
7519.
7500.
7534.
7661.
7878.
7668.
7871.
7661.
7812.

73. IU19SR 3
78. IU19SR 3 ms
72. IU multiturn
80. IU multiturn
70. IU multiturn
80. IU multiturn
71. IU multiturn
71. IU multiturn
72. IU multiturn

4.2 K QUENCHES

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

from Ramp 5p1
from Ramp SpI
tap 327
tap 327
tap 327
tap 327
tap 327
tap 327
tap 327

-22.
-23.
-23.
-24.
-23.
-23.
-23.
-24.
-23.
-24.

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
UI 0.000

0. 4.23
0. 4.27
0. 4.27
0. 4.27
0. 4.20
0. 4.21
0. 4.24
0. 4.20
0. 4.20
0. 4.28

4.19
4.23
4.22
4.22
4.15
4.16
4 .19
4.15
4.18
4.21

4.18
4.20
4.21
4.22
4.15
4 . 15
4.19
4.15
4.16
4.20

75.
66.
73.
69.
73.
80.
84.
77.
73.
77.

IU19SL
IU19SL
IU19SL
IU19SR
IU19SL
IU19SL
IU19SL
IU19SR
IU19SL
IU19SL

ms from LE tap
ms from LE tap

3.8 ms from LE tap
-6.5 ms from Ramp 5p1

ms from LE tap
ms from LE tap

5.7 ms from LE tap
6.5 ms from Ramp 5p1
4.5 ms from LE tap
2.8 ms from LE tap



-3.8 K QUENCHES-

ThircA CoolcAown:
4.3 K QUENCHES

3 .8 K StucA i es

Q# File I-m IcAot I-t IcAot QDC MIITs t-Q V-max Coi I tH VH Tt Tm Tb P
+ + + +

AS, IS, F8.0,F5.0,F5.1,F5.1, A6,F5.1, F6.3, F6.0, A4, F6.3,F5.0,F5.2,F5.2,F5.2,F5.0,F5.0,2X,A30

Quench number or Spot heater number e.g. s4 is spot heater 4
Quench file number
Main coil current at quench
Main coil cAl/cAt at quench
Trim coi I current at quench
Trim coil cAl/cAt at quench
Name of quench cAetection circuit which trippecA:

1 U-L Upper - Lower Coil
2 V-cAl Magnet - IcAot
3 SC L SC Pwr LeacAs - Idot
4 Vtot Magnet
5 Trim Trim Coil
6 CuL CuPwrLeacAs-IR
7 OncAl GrouncA Fault Monitor
8 Thru Through Bus - Idot

Integral of Is*2cAt from t-Q to "infinity"
Time first voltage appears in VUpper - VLower relative to quench cAetection time
Maximum voltage across any quarter coil
Coil corresponcAing to V-max
Protection heater firing time relative to quench cAetection time; -.999 if heater cAicA not fire
Protection heater firing voltage; -999. if heater dicA not fire
Temperature at top of magnet
Temperature at micAcAle of magnet
Temperature at bottom of magnet
Dewar pressure Torr
Liquid level O
Quench or spot heater location

40 104
41 105
42 106
43 107
44 108

7930.
8121.
8136.
8121.
8126.

0.0 -.013
0.0 -.005
0.0 -.005
0.0 -.007
0.0 -.005

-23.
-22.
-22.
-22.
-23.

UI 0.000
UI 0.000
UI 0.000
UI 0.000
UI 0.000

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

0. 0.0
0. 0.0

16. 0.0
16. 0.0
16. 0.0
16. 0.0
16. 0.0
16. 0.0
16. 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. 3.84 3.80 3.80
0. 3.83 3.79 3.80
0. 3.82 3.78 3.78
0. 3.85 3.81 3.80
0. 3.79 3.75 3.76

109
110

45 111
46 112
47 113
48 114
49 115
50 116
51 117

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

V-cA I
V-cA I

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

1002.
1002.
7441.
7387.
7421.
7392.
7397.
7387.
7656.

92. IU19SR
82. IU19SR
70. IU19SR
70. IU19SR
70. IU19SR

497.
496.
492.
605.
479.

858.
844.
878.
877.
861.
871.
847.
855.
726.

0.0 0.000 -6. UI 0.000 0. 4.39 4.34 4.34
0.0 0.000 -6. UI 0.000 0. 4.37 4.32 4.32
0.0 -.012 -32. UI 0.000 0. 4.42 4.36 4.36
0.0 -.010 -27. UI 0.000 0. 4.41 4.36 4.36
0.0 -.010 -25. UI 0.000 0. 4.40 4.34 4.34
0.0 -.012 -26. UI 0.000 0. 4.40 4.35 4.34
0.0 -.010 -27. UI 0.000 0. 4.37 4.32 4.31
0.0 -.011 -27. UI 0.000 0. 4.39 4.33 4.32
0.0 -.010 -24. UI 0.000 0. 4.21 4.16 4.16

52 118 8092.
53 119 8121.
54 120 8102.

121 5365.

FORMAT:

16. 0.0 0.0 U-L
18. 0.0 0.0 U-L
16. 0.0 0.0 U-L
0. 0.0 0.0 Cu L

ckts
ckts

ms from Ramp Spl
ms from Ramp Spl

3.5 ms from Ramp Spi
ms from Ramp Spl
ms from Ramp Spl

trip to check safety
trip to check safety

ms from Ramp Spl
3.S ms from LE tap
5.2 ms from Ramp SpI

ms from Ramp SpI
S.S ms from Ramp 5p1
5.S ms from Ramp Spl

ms from Ramp SpI

4.2 ms from Ramp SpI
4.S ms from Ramp 5p1

-3.5 ms from Ramp SpI

76.
74.
74.
58.
76.
79.
87.
70.
73.

87.
88.
81.
94.

manual
manua I
IU19SR
IU19SL
IU195R
IU19SR
IU19SR
IU19SR
IU19SR

IU19SR
IU19SR
IU19SR

0.0 -.005 -22. UI 0.000 0. 3.84 3.80 3.80 499.
0.0 -.006 -22. UI 0.000 0. 3.85 3.81 3.81 605.
0.0 -.005 -22. UI 0.000 0. 3.84 3.81 3.80 503.
0.0 -.001 0. LI 0.000 0. 3.84 3.80 3.79 503.

NOTATION KEY

LL Location

File
I-m
IcAot
I-t
IcAot
QDC

MIITs
t-Q
V-max
Coil
t H
V H
T t
T m
Tb
P
LL
Location



DSA326 QUENCH HISTORY
Fermilab built 50 mm aperture, 1.5 m long SSC dipole
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-I_I 3/TI- _1/4 -2 1/2 DDED THESE DIMENSIONS 1so*&. fl/Il

ILIPPLO OIl. P1R 10 PLACL LUfl$ I
III 110 ZOT LOCATI.

Lou5

NOTE:

1.VOLTAGE TAP WIRES FOR TAPS OA. 19B. AND
THE HALF COIL TAP ARE 022 AWG TEFLON INSULATED.

2.THE REMAINING VOLTAGE TAP WIRES ARE
f32 AWG TEFLON INSULATED.

3.TAP WIRES WITH THE SM4E NUMBER AT EACH END
SHOULD FORM A TWISTED PAIR A-B AND C-D.

4.VOLTAOE TAP WIRE SHOULD FOLLOW THE CABLE TO
WHICH THEY ARE SOLDERED UNTIL THEY MEET AND
ARE TWISTED WITH THEIR MATES

5.COIL AS VIEWED FROM INSIDE

2 1/V
-:1 .j

A

Figure 2
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Typical plateau quench at 16 A/s, 4.3K, showing three earliest Voltage laps
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SHORT DIPOLE RAMP RATE DEPENDENCE
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DSA326 Quench Current vs Temperature
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