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Description of the Incident: "At full pressure[7000 psi] before
welding of the cold massall of the 12 foot yokepacksshiftedcausingthe press
pressureto drop from 7000psi to 6000 psi."1. This occurredon August 26,
1991.

Table 1 showsthe sequenceof pressuresusedin yoke welding. At each
pressure,collarand shell strain gagereadingsaretaken2. Theactualpressuresmay
differ slightly from thesepressure,due to limitations in control of the press
hydraulics. For example, the welding pressureof "6000 psi" is usually about
5800 psi.

Requested
Pressure psi
Line Pressure
1000
2000
3000
4000
5000
6000
7000 c---- Chevmning

_____

OccurredHere
6000 Weld

Table 1. Sequenceof Pressuresfor Yoke Pressing/Welding
BeforeWelding

After this incident, thepresspressurewasdumpedand thecold masswas
rolledoutof thepress.Whentheuppershell half3 wasremoved,it wasfoundthat
theupperandlower yokelaminationshad "chevroned"asshownin Figure 1. The
degreeof thechevroningwasnotrecordedquantitatively,but thosepresentrecall it
as5 to 7 laminations4asmeasuredfrom thepartingplaneto theoutersurfaceof the
yokelaminations. Thelaminationstilted towardthewestasshownin thefigure.

1FNAL/SSCDiscrepancyReport188.
2Traveller0102-ES-298351Rev. B andJohnShioh,privatecommunication.
3"Upper"and "lower" herereferto theorientationof thecoldmassin thepress. Actually,

theuppershellhalf is the half whichcoversquadrantsI andIV in thecompletedcoldmass,since
theASST magnetshavevertically split yokepacks.

4W. Robotham,privatecommunication.

cc: it. Bossert, 3. Carson, S. Gourlay, W. Koska, .1. Missig, G. Pewitt, .3. Strait,
N. Wake



More Detailed Description of Events Leading up to the
Incident: DCA312 hadalreadybeencycledto 7000psi oncebeforeon the same
day the incidentoccurred. During the first upwardpressurecycle, all standard
straingaugemeasurementswereperformedandthepressurehad beenbroughtback
downto 6000psi for welding.

An electricalcheckperformedat 6000psi actually5800psi indicatedthat
theupperandloweroutercoil resistanceshadbothdropped-7 mOhmsfrom their
pre-pressingvalues.Thephysicistresponsiblefor thepre-weldelectricalsign-off5
requestedthat anotherset of readingsbe taken. Thesereadingswere nearly
identical to the first set. The pressurewasbrought to 5000psi andan additional
set of resistancemeasurementswereperformedat thatpressure.Theresistances
had droppedevenfurther. Finally, the pressurewas returnedto 0 psi. The
resistancesstill showedthesameshift from theprevious0 psi values.All of these
valuesareshownin Table2.

Quarter Coil Upper Outer Upper Inner Lower Inner Lower Outer
Pie-press1
0 psi
8/26/91

1820 1089 1090 1817

Pm-Weld1
6000psi

1814 1086 1088 1810

Pie-Weld2
6000psi

1812 1085 1088 1809

Pie-Weld3
5000psi

1810 1084 1087 1807

Pre-press2
0 psi

1811 1085 1088 1807

After Incidene
InPress
0 psi
8/26/91

1813 1087 1089 1810

Afterlncident
On Inspection
Table
0 psi
8/28/91

1817 1088 1090 1814

Table 2. Coil ResistancesmOhms Before and After
ChevroningIncident

Thepressoperatorwasdirectedto go throughtheentirecycleof pressures
and strain gaugereadingsagain. It wasduring this secondcycle that the incident
occurred.

5S. Delchamps



MeasurementsTakenDuring the Incident: Both collar straingauge
and shellstraingaugemeasurementsweretakenastheyoking presspressurewas
raised. The first pressingvaluesfor the shell gaugeswerediscarded,so that for
thesegaugeswe cannotcomparethefirst andsecondpressingcycles. However,
collar straingaugedataexistfor bothpressurecycles,and areshownin Figures2a
and2b.

The trianglesin theFigures2aand2b denoteinnercoil gages. It is seen
thaton thesecondpressing,wherethechevroningtookplace, theinnercoil stresses
increaseat thesamerateason thefirst pressing.However,they startandendat a
lower pressureon thesecondpressing.

Perhapsof greaterinterestis that with thenewhigherpackingfraction yoke
packssee"ProposedSolution" sectionbelow, theincreasein inner coil stress
during pressingis 425 psi and625 psi greaterthanbeforein the leadandreturnend
gagepacks.6

The outercoil gaugesshowlittle changein stresson either thefirst or the
secondpressing;one of themAl 15 in the leadendpack showsan odd double
valuedbehavior.

6J. Strait, privatecommunication.



MeasurementsTakenAfter the Incident: The collaredcoil assembly
wasinspectedfollowing thechevroningincident. First, theupperyokepackswere
removed,andthecollaredcoil assemblywaslifted outof thelower yokepacksand
placedon a stagingtable.

MagnetLength: Thelengthof theassemblywasmeasured,from
outsideto outsideandinsideto insideof theleadandreturnendclamps.Thepre
andpost-incidentvaluesareshownin Table 4. At thetime thesemeasurements
weremade,themeasuringtechniquewasstill beingperfected.In fact, it is difficult
to know whetherto trust eventhe tenthsof incheshere. Sincethereturnendclamp
actuallyslid towardthereturnendby -.1", both of the "after incident"valuesare
shouldbe -.1" largerthanthe "beforeincident" correspondingvalues. However,
theoutsideto outsidemeasurementis actuallysmalleraftertheincident.

Measurement Before Incident After Incident
Insideto InsideSurface 577.5 inches 577.6 inches
Outsideto OutsideSurface 596.5 inches 596.1 inches

Table 4. Coil Length MeasurementsBefore and After
Yoke ChevroningIncident

Coil Diameter and Size: Some superficial scratching and
bendingof the collar laminationswasobservednearthe return end of the coil.
Table5 showscollarsizemeasurementsbeforeand after theincidentavengedover
the entire length of thecoil. The collar diameteris measuredat four azimuthal
positions, labeled A - D, and and shown in Figure 3. Two other size
measurements,labeledasE andF, arealso shownin thefigure andgivenin Table
5. Thefull setofmeasurementsareincludedasan appendixto this report.

Measurement Before Incident After Incident
Position See Figure 3 inches inches
A 5.353 ± .001 5354± .004
B 5.320 ± .001 5.320 ± .001
C 5.317 ± .001 5319± .003
D 5.319 ± .001 5.320 ± .001
E 3.770 ± .001 3.775 ± .004
F 3.770 ± .001 3.773 ± .003

Table S. Collar DiametersBefore and After
Yoke ChevroningIncident

MeasurementsE andF mayhavechangedsignificantly in somepartsof the
collaredcoil assembly. This changecould in principle be due to thechevroning
incident. Thepost-incidentr.m.s. valuesare largerin somecasesthan the pre
incident values. This may be due to the "rushed" natureof the post-incident
measurements.



ElectricalMeasurements:Electricalmeasurementswere made
on thecollaredcoil assemblywhile it was on theassemblytable. No changegreater
than4 mOhmswas seenin any quartercoil from thereadingstakenjust after the
chevroningincident.Seelast row ofTable2. All quenchprotectionheaterstrips
arestill functioningproperly at thedateof this memo. Hi-pot testshaveall been
successfulalso.

End Clamp Position,Diameter, "Closure": The return end
clamp was found to have slid -.1" toward the return end of the collared coil
assembly. Both the lead and return end capswere removed,and the relative
positionsof the010CR insulatorsurfacesandtheendsofthealuminumendclamp
cylindersweremeasured"closure"measurement,seeFigure4. Thediametersof
theend clamp cylinderswere measuredaswell. Noneof thesedimensionswas
found to have changedby more than 2 mils from the pre-incidentvalues.
Unfortunately,therawpost-incidentdatahavebeenlost.

Theleadendclampassemblywasapparentlynot damaged.At thereturn
end, thegreenputty usedto makethesaddlesurfacesflush with thecolletinsulator
surfacecrackedwhenthe returnend clamp slid. This greenputty was repaired.
Bothendcapswerere

welded. No attemptwasmadeto move the returnend clamp backto its
originalclampedposition.

Collar Strain Gage: Measurementstakenon August30, 1991,
showall collarstraingagesarefunctioningnormally.



ProposedSolution to the Chevroning Problem: The proposed
solution7 to thechevroningproblem,which is evidentlycausedby alackof stability
of the yoke assemblyunder pressure,is shown in Figure 5. First, a higher
packingfraction 99%; theoriginal valuewas98% will beusedin the standard
packs.Second,epoxyreinforced"monolithic" packswifi beplacednotonly at the
endsof the yokeassemblybut at threepositionsalongthe magnetto give better
support.

This approachhasalreadybeenusedin the assemblyof theDCA3 12 and
DCA313 cold masses.

‘ M. Gordon. "50 mm DipoleRevisedYoke Assembly",TS-SSC91-169,9/3/91.
8M. GordonandJ. Strait, "Axial Complianceand PackingFractionof the Yoke for the

50 mm SSCCollider Dipole Magnet",TS-SSC91-143,7/22/91.
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Figure 1. Chevroning of Yoke
Laminations in DCA312
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DCA 312 LEAD END
YOKE READINGS
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Quadrant #3
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Squeezer Assembly, measure the distance between
Insulator and the End Can, using a Depth Gauge.

VIEW FROM RETURN END
LOOKING TOWARD LEAD END

Quadrant #4

NOTE: IF ThE MEASUREMENT OF ANY QUADRANT IS GREATER
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YOKE STACKING ASSEMBLYDCA-312
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Figure 5. ProposedSolution to
Yoke Lamination Chevroning
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