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The following is a summaryof severalfinite elementanalyses
performedfollowing thefailure of theuppermainbeamon theSSC coil
collaring press. Theintent of theseanalyseswas to determinethecauseof
the failure of thecenterweb of theupperlongitudinalbeam,to determineif
othercomponentsof thepressareneartheir failure point, andto estimate
theeffectivenessof plannedtemporaryandpermanentreworksand
repairs.

Failure occurredin theupperlongitudinal beamwhile collaring a
completedlong magnet. The modeof failure was buckling of about3 feetof
thecenterweb ofthebeam. As evidencedby paint flaking off thecenter
web, yieldingappearsto haveoccurredat otherplacesin the centerweb
alongthe lengthof the samebeamaswell asin thecrossbeamswherethey
contactthecenterweb of thelongitudinalbeamalthoughthelatter is to a
lesserextentthan on the longitudinalbeam. Finally, the faceplateof the
lower beamappearsto be dishedin placesindicatingit too may be closeto
failure. Failure occurredat ahydraulicpressureof 6,000psi in thepress
jacks. This correspondsto 240,000lb1actingon eachsectionof thepress
throughtwo 3 inch tie rods. A sectionis definedasa single crossbeam
pair. Sectionsarespacedon 12 inch centers.

The analysesfor the ‘as built’ presssectionswereperformedat a
pressureof 6,000psi. Analysesfor estimatingtheeffectivenessof the
temporaryfixes wereperformedat 7,850 psi which is thepressureto which
thehydraulic systemis limited by safetyreliefs. Analysesfor estimating
theeffectivenessof thepermanentfixes wereperformedat 10,000psi which
is the full capacityof thepress.

ANALYSIS DESCRIPTIONS

File Drefix Analysisdescrintipu

UPRPRS_1 Uppercrossbeamandmainbeamasbuilt loadedto 6000
psi hydraulicpressure60%of capacity. This is thepoint
at which thebucklingfailure occurredin theweb of the



uppermain beamand at which somedeformationwas
notedin thefaceplateof thebottombeam

UPRPRS_2 Upperpressand main beamwith a single row of 1 inch
jack bolts installedbetweenthemain beamflanges. This
is theproposedfix for the uppermainbeam. The applied
loadis 7850 psi hydraulicpressurewhich is thesettingof
all safetyreliefs on thehydraulic system.

UPRPRS_3 Identical to UPRPRS_2with an additional row ofjack
bolts. This will determinewhethera secondrow of bolts
representsanotabledecreasein beamstressesover a
singlerow of bolts.

UPRPRS_4 Uppercrossbeamandnew designfor uppermain beam
loadedto 10000psi hydraulicpressure100%of capacity.

UPRPRS_5 Identical to UPRPRS_3without themainbeamcenterweb.
This will determinewhetherone option for fixing the failed
sectionwill be effective.

UPRPRS_6 Identical to UPRPRS_4,but with theuppermainbeam
bolted to thecrossbeaminsteadof welded. This is the
plannedattachmentschemefor thepermanentrepair

UPRPRS_7 Uppermainbeamwith grout ratherthanbolts with the
centerweb removed. This simulatesrepairof the failed
sectionof theupperbeamby groutingratherthan through
theuseof jackbolts.

LWRPRS_1 Lower crossbeamandmainbeamasbuilt loadedto 6000
psi hydraulicpressure60% of capacity. This is the point
at which thebuckling failure occurredin theweb of the
uppermain beamand at which somedeformationwas
notedin the faceplateof thebottombeam.

LWRPRS_2 Lower crossbeamand mainbeamafter filling the lower
main beamwith epoxygrout. The modulusof thegrout is
3.5M psi EMBECO 885. This is theproposedfix for the
lower mainbeam. The appliedloadis 7850 psi hydraulic
pressurewhich is thesettingof all safetyreliefs on the
hydraulic system.

LWRPRS_3 Identicalto LWRPRS_2but with the 114 inch faceplateof
the lower main beamremoved. This will give an upper
limit on thestressesin thegrout in the eventthat the
faceplatefails.



LWRPRS_4 Lower crossbeamandnew designfor lower main beam
loadedto 10000psi hydraulicpressure100%of capacity.

MAXIMUM STRESSSUMMARY

Matimum von Misesstresses Compressivestresses
File urefix Crossbeam Mainbeam Grout/ jackbolts

UPRPRS_1 88962 114140 na*
UPRPRS_2 32610 41409 -450001
UPRPR&3 26385 44392 -30000
UPRPRS4 37957 21677 na
UPRPRS_5 29090 52614 -40000
UPRPRS_6 37084 23186 na2
LJPRPR&7 29737 16329 -4O00
LWRPRS_1 48242 84723 na
LWRPRS_2 30656 32129 -200O
LWRPRS..3 29686 31646 -2000
LWRPRS_4 38560 20559 na5

Notes:A1l stressesarein psi.
not applicable

1: upperbeamtemporaryrework
2: upperbeampermanentrework
3: upperbeamtemporaryrework of buckled section
4: lower beamtemporaryrework
5: lower beampermanentrework

DISCUSSION

From inspectionof the failed sectionof upperbeamandfrom the
stressespredictedby theseanalyses,bucklingof thecenterweb of theupper
longitudinalbeamandyielding of the crossbeamwebswas causedby
compressivestressesin thesemembersconsiderablyabovethe yield point of
thematerials. Tensiletestson samplescut from theupperlongitudinal
beamindicatedayield strengthof approximately42,000psi. For the‘as
built’ case,the stressesin upperandlower main and crossbeamsexceed
this value.

The root of theproblemlies in the inability ofthecrossbeamand
mainbeamflangesto distributetheappliedload over their contactsurfaces.
This is theresultof thelow bendingstifihessof the flangeswhen compared
to thecompressivestiffnessof thevertical webs.

Bearin mind that all of theseanalysesassumeelasticmaterial
properties. Clearlymanyof thepredictedstressesarebeyondtheelastic
limit of thematerialsused,particularlyin thecaseof the ‘as built’
geometries. The actual maximumstressesin thesecaseswould be lower
than thosepredictedhereandwould be distributedacrossa largerareadue



flanges. Rather,theplanis to fill theentireinner volume of this beamwith
EMBECO 885grout. This materialhasa compressivestrengthof 7,000psi
after 7 days,a compressivemodulusof 3.5x106psi, and an estimated
shrinkageof +0.02%i.e. slight expansion. LWRPRS_2simulatesthe
additionof this material. The additionof this grout decreasesthestresses
everywherein themain andcrossbeamsto valueswell below their yield
strengths. Thecompressivestressin thegroutis below 4,000psi exceptin a
very small areaundertheweb of thecrossbeam. LWRPRS_3is identical to
LWRPRS_2,but neglectsthe front faceplateon the lower beam. This is an
attemptto predict theeffecton thebeamsandgrout shouldthe faceplate
fail. Stressesin thecrossbeamarewell below yield. In themainbeam,the
stressesdirectlyunderthecrossbeamweb arejust at theyield point. Peak
compressivestressesin thegroutincreaseto approximately6,000 psi
althoughthe compressivestressthroughoutthebulk of the grout is
approximately2,000psi. Somelocal yielding might occurin this
configuration. In reality evena failed faceplatewould provide some
compressivestrength. Failureof themainbeamor grout would be
unlikely.

TEMPORARYREWORK- SUMMARY

In summary,theplannedfixes for both longitudinalbeamsappearto
be viablerepairsfor short termuseof thepress. The focus of thereworkis
twofold. First, it mustenableoperationof thepressesto the limits of the
safety system. Second,it must ensurethat no damageoccursto the cross
beamsso they maybe usedas-isin thepermanentrepair. The effectiveness
of thesereworksis duenot to thestrengthoftheaddedelementsdirectly,
but ratherto their ability to distributetheappliedloadover a largersurface
area. Both drasticallyreducestressesin thecenterwebsof the crossand
main beamsandintroduce stressesin the addedmaterialswithin their
allowed values. The limits on the hydraulic systempreventpressurization
to morethan7,850psi. The repairsarenot likely to beeffective for long
termuseof thepressat ftill hydraulic capacity10,000psi.

PERMANENTREPAIR

The permanentrepair of the collaring pressamountsto replacement
of both upperandlower longitudinalbeams. The plannedreplacements
arethe samewidth andheightas theexistingunits, but with 2 inch thick
flangesand 1 inch thick websandfaceplates. UPRPRS_4andLWRPRS_4
simulatetheadditionof thesetwo beams. The only differencebetweenthe
two analysesis theplacementof theverticalrestraintswhich simulatethe
collaring tooling the lower mandrelis wider thantheupper. For both
casesthe maximumstressin theredesignedlongitudinalbeamsis between
21,000and22,000psi. In both upperandlower crossbeamsthemaximum
stressis approximately38,000psi. This lattervalue is higher thanone
would like to see,however,this analysissimulatestheeffect on thebeams
of 10,000psi hydraulicpressure.At thecurrentoperatingmaximum7850
psi themaximumcrossbeamstresswould be morelike 30,000psi.



Furtherinvestigationis warrantedto determineif an effectiveway canbe
found to strengthenthe crossbeamsduring the repairprogram.

Ratherthanwelding thenew upperbeamto thecrossbeam,theplan
for thepermanentrepairis to hangtheupperbeamfrom thecrossbeam
with bolts. My initial concernwasthat anybendingin thecrossbeam
would tendto unloadthe contactsurfacesin this scheme. UPRPRS_6
simulatestheboltedconnectionby allowing separationof thecontact
surfaces. The analysisindicatesthat theboltedconnectionis aseffectiveas
theweldedconnectionin distributingtheappliedload acrosstheentire
contactsurfacebetweenthecrossbeamandmain beamflangescompare
with tJPRPRS....4.

As with theplannedrework for continuationof the 40mmprogram,
the two newbeamsare effectivedueto theirability to transfertheapplied
vertical load overalargesurfacearea. The bendingstifihessof the 2 inch
flangesis considerablygreaterthan their ‘as built’ counterparts. Coupled
with thecompressivestiffnessof the 1 inch webs,thehigh stress
concentrationsseenat theweb crossingpoints in theexistingdesignare
reducedsubstantially.

Thereis everyreasonto believereplacementof the longitudinal
beamswith the newdesignwill allow thepressto be utilized throughoutthe
50mm coil developmentprogram. If strengtheningthecrossbeamsis
feasible,it couldbe done as well andwould serveasinsuranceagainst
future deformationof thesebeamsections.
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SSC Collaring Press
typical

100 ton jack

Jack rod 3"

Cross beam

Main beam
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ANSYS 4.4
JUN 16 1990
09:19:20
PLOT NO. 2
POST1 STRESS
STEP=1
ITER=1
SlOE AvG
TOP
DMX =0.008562
SMN =301.491
SMX =44392

xv
‘V =4
ZV =5
DIST=8.43 1
XF =3.625
‘F =-6.25
ZF =3
A =2751
B =7650
C =12549
D =17448
E =22347

F =27246
C =32145

UPRPRS_3: Uoner beam - 2 rows of rods 7850 psi I =41943

Y

PYK,!e,r /0



UNU
‘to U Ncc

Ui ,- NOcc
NO 0 occ

>
100W ‘C

UNZ ‘- CD"Ui Iii H‘-H .jOU
ZZCOUUQC

-OOOUUWDUU

N 0 0 cc
N 0 NN cc

U10
UNNUUO’tNNNN

N
I’tLO .‘tIT-I 11111’-
II II II II Ii II II II II II II II II

H
>>>QLLLLU..
X-NDX-N<OWLn0

r
0
C

0
U
cc
N

U
0
S.

‘4-

0

U
0

N

E
0
a

-o

a
C
C
D

N

U

Ii

C
r



U
NN’tUD0U 0 o’-cc*No‘tO

N N
C ‘-LOU

‘- *F- 0 ON
ccOCf

UDOZ ‘-

dNN I ‘tUNOoNN0cNN
‘-Ii’-’’" 111111 IIIIII’-1IIIIIIIIIIIIIIIIIII

U ‘F-F--o1 H
ZZ?OWUQOXZX I-
<D0JOHWOO2

DOC-C-WWHDUW X>-NDX>-NcCGJODWUO_

C-
U
C

0
0
0
0

x

.4-,
C
a
C
0
E
L
a
C

E
0
a
.0

a
C
C
D

Cl

C
DC
C



.0
‘tO

‘-

N
NU 0

U
LU
DC

0
00W >

‘C
>- ‘-‘-H
ZzOWWDCUC-XZX

-DCC- C-UWF-0WW

‘4-CD0ØN
0UN

‘-

0NN
Ii II II

‘tO 0 N 0NN .

N0O’toNU’t
I ‘tU .N I NNocc--0
II II II c::j II Ii II II II II II II II Ii

x>-N0xccmo0wUo

N



‘St

0
‘-C/ ‘-®

ON O-UO.0 iii U0g NccNoNNN‘tO DC ‘ Co ‘-UU tOU0’tDccoW0 CUQ NC0U
wccNz

‘-j’....- 111111 IiIIII’-IIIiIIIIIlIIIIiIIiiIjj’
II Ii

zQb5JDCWC-XZX H
C

-‘-C-C-Wflf-0WU
0.

C
In
cc
N

0
a

0

0
a

4-,

C
a
0

U
-o
0

4-
0

U

0
S.

C
N

E
0
a
.0

L
a
C
C

0

if

U
DC
C-
DC
C

‘-



ANSYS 4.4
JUN 18 1990
13:08:30
PLOT NO. 2
POST1 STRESS
STEP=1
ITER=1
SICE AvC
TOP
DMX =0.009972
SMN =233.188
SMX =52614

xv =-3
‘V =4
zv =5
DIST=8.431
XF =3.625
‘F =-6.25
ZF =3
A =3143
B =8963
o =14783
D =20603
E =26423
F =32244
C =38064

UPRPRS& Uoer beam - 2 rows of rods - center buckled 7850 =49704
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ANSYS 4.4

JUN 20 1990
11:42:11
PLOT NO. 4
POSh STRESS
STEP=1

ITER=20
UY
D CLOBAL
DMX =0.006553
SMN =-0.006552

xv =-3
‘V =4
zv =s
DIST=8.43 1
XF =3.625
‘F =-6.25
ZF =3
A =-0.006188
B =-0.00546
C =-0.004732
D . =-0.004004
E =-0.003276
F =-0.002548
C =-0.00182
H =-0.001092

UPRP.RS_6; UDDer beam - permanent fix -bolted 10000 sñ
I =-0.364E-03
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ANSYS 4.4
JUN 21 1990
17:09:02
PLOT NO. 2
POST1 STRESS
STEP=1
ITER=1
SICE AvC
TOP
DMX =0.002037
SMN =5.943
SM =16329

7850 osi’

xv
w
zv
DIS
xF
YF
ZF
A
B
0
D
E
F
C

=4
=5

T=8.431
=3.625
=-6.25
=3
=912.754
=2726
=4540
=6354
=8167
=998 1
=11794

= 15422

1

UFRPRS_7: Upper beam - buckled sectjoxuwi_.arout
,7, dec 22..
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UERPRS 7: UDDer beam - buckled section w/ arout 7850

ANSYS 4.4
JUN 21 1990
17:10:47
PLOT NO. 3
POST1 STRESS
STEP=1
ITER=1

SY
MIDDLE

AvC

S CLOBAL
DMX =0.002037
SMN =-32698
SMX =1544

xv =-3
‘V =4
zv =5
DIST
xF
‘F
ZF
A
B
C
E
F
C

=8. 43 1
=3.625
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= -23 186
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ANSYS 4.4
JUN 16 1990
00:40:57
PLOT NO. 2
POST1 STRESS
STEP=1

ITER=1

SlOE
TOP

DMX
SMN
SMx

AvC

=0.001714
=254.572
=32129

xv
W =4
zv =5
DIST=8.431
xF =3.625
‘F =-6.25
ZF =3
A =2025
B =5567
C =9109
D =12650
E =16192
F =19734
C =23275

LRWPRS_2:. Lawer beam - 3.5M psi grout 7850 osi’ I =30358
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ANSYS 4.4

JUN 16 1990
00:44:4 1
PLOT NO. 2
POST1 STRESS
STEP=1
ITER=1

SlOE AvC
TOP
DMX =0.001966
SMN =181.721
SMX =31646

xv =-3
W =4
zv =s
DIST=8.431
XF =3.625
‘F =-6.25
ZF =3
A =1930
B =5426
C =8922
D =12418
E =15914
F =19410
C =22906

LRWPRS3: Lower beam - 3.5M psi grout - no faceplate 7850 I =29898
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