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TestObjectives

Testobjectivesfor magnet313 are to makethe standardquench,strain gage and
harmonicsmeasurementsthroughtwo thermalcycles.Heaterstrip testswill alsobe made
at theend of thefirst thermalcycle. Someof thefield measurementswill be madeboth
with the standardmagnetometerand with the partially completedHAL2 system. All
standardmagnetometertestswill be madewith probe#11.

TheinstrumentatiOnon magnet313 is identicalto that of magnet311, exceptfora the
absenceof thetwo returnendcanexternaldeflectometers*,b the addition of two more
active straingageson thereturnendcanof 313 andc the addition of heaterstrips to
quadrants1,2, and4of313.

Thequadrant1 and 2 heaterstrips areto be instrumentedwith voltagetapsat both ends
to facilitate testing. The quadrant4 heaterstrip is not to be connected.The quadrant1
heaterstrip is aBNL copperstrip with resistance.8 Ohms. The quadrant2 heaterstrip is
an SSCLab steelstrip with resistance2.1 Ohms.

Theleadendvoltagetapsfrom theupperandlower outercoils of 313 upperandlower
coil tap 20A wereboth lost duringendcaninstallation. Thelower rampsplice21A and
22A taps were both lost also. The upperramp splice 21A and 22A taps are intact,
however.

This planfollows theDSO311 plandocumentedin TS-SSC90-073quiteclosely.

* The holesfor the deflectometersweredrilled in the wrongpositionsin the magnet
shell.
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THERMAL CYCLE I

1 Cool to 4.2 K monitoring all thermometersand strain gagesat 10 minutelogging
intervals.

2 Protectmagnetwitha 30 mohmdumpresistor. Delay dump firing 50 msecafter
quenchdetection,butphasebackpowersupplypromptly. Evacuatethewarmbore tube.

3 Checksafetycircuit balances:

a sawtoothrampsbetween100A and200A at 50 A/sec.

b manualtrip from 1000A.

4 Setdataloggersamplingfrequenciesandpre-quenchwindows:

a dataloggers 1 and2: 2 kHz and25% pre-quench.

b dataloggers3 and4: 5 kHz and50% pre-quench.
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STRAIN GAGE AND QUENCHTESTING

5 Bring magnetto 4.35 K 850 Torr or 16.5 psia. Ramp rate= 16 A /sec.

a Takestrain gageruns,one file percurrentloop, using thesequencesof currents
below. Takedataat all currentson theway up, andfor thecurrentsmarked"*" on theway
down.

Run 1: 0*, 2200,3 100*, 3800,44ØØ*, 4900A

Run2: Q*, 2200, 3 100*, 3800,44ØØ*, 4900,5400*, 5800 A

Run 3: 0*, 2200, 3100*, 3800, 44ØØ*, 4900, 5400*, 5800, 6200A

Run 4: 0*, 2000, 3 100*, 3800, 4400*, 4900, 5400*, 5800, 6200*, 6600 A

Run 5: 0*, 2000, 3 100*, 3800,4400*, 4900, 5400*, 5800, 6200*, 6600, 7000 A

Note: Runs4 and 5 arereally rampsto quenchin somecases.

6 With ramprate= 16 A/sec,train themagnetuntil 4 plateauquencheshaveoccurred.
Donotdo morethan 15 quenches.Thepredictedshortsamplelimit currentsinnercoil as
afunctionof temperatureare: -

3.6K 7383A
3.8K 7190A
4.0K 6978A
4.2K 6749A
4.35 K 6567A

7 Takea straingagerun to ‘plateau- 100A.
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HARMONICS MEASUREMENTS

8

a Bring the magnet to 4.2K. Establish1auenchunder these conditions.
Note: At this pointthewarmboretubeis still evacuated.

b Bring thewarmbore tubeto room temperature,insertprobe#11, and establish
theflow of room temperaturepurgegas. Quenchthemagnettwice to establish‘quench
undertheseconditions.

9 Measureharmonicsat 4.2 K.

a Powerthemagnetwith 200A. Locatetheendsof themagnetrelativeto the tape
measureon theprobemountingfixture by movingtheprobevertically andidentifying the
points atwhich thedipolefield is 1/2 its centralvalue. Definethemagnetcenterto be half
waybetweenthe two endpoints.

b Rampthemagnetto quenchat 16 A/sec.

c Positiontheprobeat the centerof themagnetandmeasuretheharmonicsasa
functionof current: Do one sawtoothcycle at 16 A/secfrom 0 to 6500A or Ljuench - 200
A, whicheveris lower. Recorddataevery 6 secondsapproximatelyevery 100A starting
from 0 A.

d Rampthemagnetto quenchat 16 A/sec.

e Ramp themagnetat 12 A/sec to 6500 A or ‘quench - 200 A, whicheveris
lower, hold a flattop for 2 minutes,ramp downat -12A/secto 110 A, hold for 2 minutes,
rampat 6 A/sec to 5000A. if ‘quench< 5500A, thefinal rampshouldbe to ‘quench -

500 A.

f Measureharmonicsasa funciton of positionat 5000 A or ‘quench-500 A.
Takedataat thefollowing positionsrelativeto the centerof themagnetpositive is towards
the leadend, i.e. up. z = -20", -18", -16", -14", -12", -10", -8", -6", -4", -2", 0", 2",
4?? 6’’, 8’’, loll, 12’’, 14’’, 16’’ 18’’, 20’’

g Rampthe magnetto 5500 A or ‘quench -200 A, thenback to 5000 A or
‘Quench-500 A. Measureharmonicsasa functionof positionat z = -20", -18", -16",
_4, -12’’, -10’’, -8", -6’’, .4", -2’’, 0?! 2’’, 4?? 6’’, 8’’, 10’’, 14’’, 16’’, 18’’, 20’’.

h Position the harmonicprobe at the centerof the magnetand measurethe
harmonicsasafunctionofcurrent: Rampthemagnetfrom 5000A downto 110 A, thento
‘quench - 200 A, back to 110 A, then to 1000 A, all at 16 A/sec. Recorddataevery 6
secondsapproximatelyevery 100 A startingfrom 500 A on thefirst downramp until
1000A on thesecondup ramp.

i HAL2 Harmonics: Rampthemagnetto quenchat 16 A/sec. Repeatstepse
and0 with theHAL2 Systeminsteadofthemagnetometer.

10 Removetheharmonicprobeand evacuatethe warm bore. Takethe magnetto
4.35 K 850 Torr or 16.5 psia.
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RAMP RATE AND FURTHERSTRAIN GAGE STUDIES

11 Rampvaluestudieswith chartrecorderon powersupply: -

a Rampto quenchat 16, 25, 50, 75, 100, 125, 150, 200 A/sec.

b Ramp to 6500 A at 16 A/sec. thenrampdownfrom 6500 A to 4000A at 100,
200, 300, and 400A/sec.

12 Takethe magnetto 3.8 K. Using 16 A/sec ramprate,quenchthe magnetat -
3.8 K until 3 quencheshaveoccurredon plateauoratotalof 10 quencheshavebeentaken,
whichevercomesfirst. - -

13 Takea strain gagerunat 3.8Kto ‘quench - 100A.

HEATERSTRIPSTUDIES

Thesestudiesaredescribedin detail in theAppendixto this plan,which is takenfrom
Chris Haddock1smail messagefrom SSCLab, also attached. Chris will try to be here
during thesetests.

THERMAL CYCLE II

14 Warm the magnetto within 10 K of the pretesttemperature the dewar
temperaturebefore it was cooleddown the first time. Recordthe strain gagesand
thermometersat 10 minuteintervalsduringthe thermalcycle. -

15

a Repeatsteps2 - 8 andsteps9 e-i from thefirst thermalcycle, exceptin steps9 f
and9 g recorddataonly atthecenterof themagnet.

b If time permits,go to step16, theoptional test.
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OPTIONAL TEST If time permits

16 Optional test: Bring the magnetto 4.35K 850 Torr or 16.5 psia.

a Fromtherampratestudy step11, choosea rampratewell abovethe"knee" for
whichthequenchcurrentis at least300A below thelow rampratevalue.Rampthemagnet
to quenchat this ramprate,andverify thequenchcurrent

b Performa seriesof rampcyclesbetween100 A and progressivelyhigherpeak
currents.Eachrampcycle consistsof an up ramp,at theratechosenin step16 a, from 100
A to thepeakcurrent,a 20 secondflattop at that current,a downramp to 100 A at the
chosenramprateanda 10 seconddwell at 100 A. Five successiverampcyclesshouldbe
performedto thesamepeakcurrentbeforeincreasingthepeakcurrent. Thefirst 5 ramps
shouldbeto 200 A below thequenchcurrentfoundin step 16 a, thenext five shouldbe to
175 A below the quenchcurrent,and soon. Continuethis sequenceuntil the magnet
quenches.This procedurewifi requiretheuseof thetable-drivenrampfunction.

c Perform50 rampcyclesto the lastcurrentat which all 5 cycleswerecompleted
withoutquenching.25 A below thequenchcurrentin step16 b.

17 Testsof El / EO?

18 Warm to roomtemperature.Monitor all strain gagesand thermometersat 10
minuteloggingintervalstmtil T> 100 K, thenat 30 minuteintervals. Continueto monitor
until themagnetis within 5 K of its pretesttemperature.



Appendix. Strip HeaterTests

A- BNL Heater

1 Determinefiring C andVO for BNL heaterssuchthatdischargetimeis the sanwas
for longmagnettests,and energydepositedinto heateris appropriatefor a shortmagnet.
SeeAppendixto Chris Haddock’smail message.

2 Measurewarmandcold resistanceofBNL heaters.

3 Recordvoltageacrossstrip heaterasafunctionoftime afterheateris fired.

4 Recordvoltageacrosstapsto determineat which time, afterthe heateris fired, the
magnetcoil becomesnormallyresistive.

5 Fire BNL heaterat .5W0,.75*V0, ... until a quench occurswithing 200 msec
when themagnetcurrentis 2000 A. Determinethetime betweenheaterfuing and coil
becomingnormally resistiveT_fn for theBNL heater.

6 Recordmagnetcurrentasafunctionof time anddetermineIntegrali**2 dt MI1TS
for thequench.

B - SSC Heater

Repeatsteps1 - 6 for theSSC1heater.

If T_fn SSC is less thanT_fnBNL, increasetheSSC1 heaterpowerandmeasure
Integrali**2 dt WiTS.



From: SSCVX1::HADDOCK 3-DEC-1990 15:10:42.26 -
To: FNAL::DELCIITS
CC:
Subj: tests of qph’s

PROPOSED TEST SCHEDULE FOR QUENCH PROTECTION HEATERS IN DSS313

The purpose of these tests is to study the effectiveness of a redesigned
quench protection heater and compare it with a Brookhaven style heater,
by performing tests on a single magnet which contains both types of
heater. The tests will be done on a short magnet operating under pool
boiling cryogenic conditions.
Supporting information is contained in the appendix.

THE SCHEDULE SHOULD INCLUDE THE FOLLOWING:

1 Determine firing C and Vo for BNL heaters such that discharge time is
the same as for long magnet tests, and energy deposited into heater is
appropriate for a short magnet see Appendix.
2 Measure warm and cold resistance of BNL heaters.
3 Record voltage across strip heater as a function of time after
heater is fired.
4 Record voltage across taps to determine at which time, after the
heater is fired, the magnet coil becomes normally resistive.
5 Fire BNL heater at 1/2Vo, 3/4Vo until a quench occurs within 200 ms
when the magnet current is 2000 Amperes. Determine the time between
heater firing and coil becoming normally resistive T_fn for the BNL
heater.
6 Record magnet current as a function of time and determine
Integral i**2 dt MIITS for the quench.

7 Repeat the entire test sequence using one SSC1 heater.
8 If possible repeat using both SSC1 heaters in parallel or series or
separately.
9 Compare T_fn BNL with T_fn SSC1.
10 Compare MIITS BNL with MIITS SSC1.
11 Assuming 1_f n SSC1 is less than T_fn BNL, increase the SSC1 heater
power and measure Integral is*2 dt MIITS.

Appendix:

The Brookhaven design BNL consists of a steel strip containing heater
RpadsN. Each pad is essentially 3 spot heaters in series, a quench is produced
when the pad is energized by creating a large temperature gradient
across the coil insulation. -

The SSC design SSC1 consists of continuous strip "pads" which produce
a smaller temperature gradient, but do so over a much larger area.

The advantages of the SSC design are that i there is no risk of the
insulation being damaged by high temperatures of the heater pads and
ii the fabrication of the pad is much easier and the finished product
will be much more robust.

1 First Compare the performance of a BNL style heater under pool
boiling conditions with that of a heater in a long magnet from previous



tests e.g DDOO17. All the resistances below need to be measured before
firing the heater power supply.

i Time constant of circuit.
Need to match the energy deposition rate so that it is the same as
for long magnets. This effectively sets the RC time constant for the
circuit. The resistance of the BNL heater strip on a long magnet is
approximately 1.5 ohms cold. The time constant observed for a discharge
on a long magnet -is 75 ms. For a short magnet there will be two heater
pads instead of twelve. The expected cold resistance is therefore
1.5/12 * 2 = 0.25 ohms.
Assume the resistance of the leads which connects the heater strip to
the heater firing unit hfu are 2 ohms each. The circuit resistance is
therefore 2+2+0.25-_4.25 ohms. In order for the circuit discharge time
to equal 75 ms the required capacitance is C = tau/R_total = 75e-3/4.25
= 17.6 mF to meet this 6 of the 3.2 mF capacitors will be wired in
parallel.

ii Voltage required at HFU - -- -

From long magnet data one may determine the power deposited into a BNL
style heater e.g DDOO17 at 2000 A. This power is approximately 200J
per strip or 200/12 Joules per pad note on DDOO17 2 heater strips were
fired together whereas D5S313 only has one installed. Let the ratio of
energy deposited into a short versus a long magnet be the ratio of their
collared lengths. Then energy deposited into a short magnet will be
1.0/16.0o * 200 =12.5 Joules. -Theenergy deposited -into-the strip -
heater is given by:

P = 1/2 C Vo**2 [R circuit total / R_heater_strip]
This expression sets Vo, the voltage across the heater strip to be 9.1 -
volts. The required voltage from the hfu will therefore be: -

V_hfu = 9.1/0.25 * 4.25 = 154.7 volts.
In practice, the value of the hfu voltage should be initially 50V, 100V
and then in increments of 20 volts until a quench occurs. One should not
expect the same T_fn time between firing of hfu and entire coil
becoming normally resistive as long magnets since i only one quench heater strip is being
used and ii The conditions are pool boiling as opposed to forced flow.

2 Capacitance and Voltage for SSC1 strip heater.

The expected resistance of the SSC1 short heater strip is 0.524 ohms. If
the lead resistance is approximately 2.0 ohms then the same capacitance
and voltage values as for the BNL heater can be used.
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