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ABSTRACT

The sse dipe le mi. nets are the mljor .ompon.at or the sse Icc.l.n.
lor . Th. SO DIm collid.r dipole cold mISs sh.1I is I pr...ure v.ssel. Th. desi.n
IDd op.nlia. or the d ipol. ml.aet must firsl coasider the Slrety. the ...a or
DO compromise (ref. 1). Tbe most crilicil siresses in lbe dipole shell are fouad
ia tbe end shell. The preseat lallyt ical rCluta indicates d~.t tbe cril ieal
stresses Cia be reduced b, clI1IployinC II cad )'oke 10 nppofl Ike cad lk.iD

The. dipole Ibell is Dol oa., desilned I •• preliDre vesset, but Ilso de­
,i.a.d IS a pr. ·loldia. device ror obtaloia. optimom perrormaace or Ibe
,uper.onductin. dipole ma.nCl. Tberetore, ID optimum de,i.a or the eod
shell is essCDtiat to min imize que ncb occarrcace II well IS to reaJize 10nl
term opentioo" Slrety IDd reliab il ily or Ibe dipol •.

The dipole .tln. collar lod yoke. cao b. des l.oed 10 "ort lo.ether 10
reduce the rollo" lo. uod.slnble errecll. (I) R.dlclloo of Ibe crhlcal curre ..
deosily due to over·,trelled call., (2) Oeoentlo. hlctiooal be.. due 10 lhe
micro motioD or tile caUl under Lorentz rorce., (3) over uraiainl ol.be con.
duclor In,ulalion lead 10. 10 'hOrl clrcah.

From pre·loldln. d..l.a paint or vic" , Ibe desi.n objective for lhe
dipole shell il to minimize &he coil motioa IS well IS local bilb Uren wi&b.ia.
the coil' IDd the In, ula li on•.

From Ihe safely po int or view. lhe stre.. limit ror the shell ma" be tepl
"llbi. I la" cycle r..l.ae limit "hb adeqalle Dlar. la or sarety. The la" cycle
rali.ac IImil of tho dipole ,til . e.peclilly la tbe ar.1 of loa.itadlnlt ,elm
".Id" should be e..abU,bed 10 Ihe 4.2 It tbermal ...iroam..r, RlloroDS
1 .. ly,.. and t.... are needed 10 predict Ibe ad.qute ..ar. la of "fety. PUt
..adi .. Ind lc..e that the crlticil 'kla .u..... are loclted la Ibe arel "here the
body Joke -tall aIr' to &be malnct c.ads . V.rioll' desi'8 modiCic:u ioD' 01 &be
..d stla "erc propo.ed to redl" the .i.b local ,Ire"es (ref. 2. " 6)

Crlticil stla stre"es raaad in th. cad ,kl.. cal be mla im lzed by aliliz.
ia. II end yote e..endio. hom Ihe bady yote ta Ibe eod pIlle. Errecl or lhe
field quality by Iddla. the end yate Is DOt considered II lhe pre..at Inlly,ia.



•
INT1l.0DUcnON

Functions or the dipole ma,net stin are lislcd II (ollow, :

(1) To perform ., a pressure veuel ,
(1) To pro.id. ul.1 .nd radi.1 dir.clion pr • • lo.d. 10 lb. collar.d coli,
(3) To ..... II • rleid pl.ICorm 10 lnlcerll. lb. coli and yoke ....mbll...

Tb••Iulic .k ln pr.·.tr... h pro d In 1010 ".ps: (.) Meebanlc.1 p'••
SIre"; .pply • ".kln p,.... durlne .,.Idlne 10 pre .lo.d lb. Ikla 10 .boal
107 MPo (30 kll), (b) Tb.rm.1 p,••u, ; oplimiu lb. e.om.lrleal , .Iutlc, ...
thermal item. on tbe yote , d:l. and eoll., to aUlln the desirable coil urell. It
is desirable 1o induce locil plutic .tren In the Ikin II0D, the sClm weld. 10
produce unilorm SUess disulbulioD oyer Ihe entire len.tb or tbe dipole mil­
lItl sk in . Tesl ruullS of the 40 mm dipole skin uycal thl' pl.uie lIuinl elilt
in the 10nehudl••1 .00m w.ld• . The loesl plu llc .u.ln. m.y b••eta•••d by
thermal conuact ion of .he scam welds. Concerns aboul plast ic senin are ID

i mporu n, des iln e ons id er a rieu ,

The stln prc4suesses 00 the shell are des isned nOI only to overcome the
Larenu. (orces of the dipole. bal also 10 close the yoke eap which 11 specified IS

a mean. 10 proYide c ..ael connol of the coil deformulon lnd Urenc. which arc
relued 10 field quality. The utent ialttin stress Iftalysis .... It performed oa I
1.D ••cr ien modcl. Th. model d.nn., lbe yak ••nd lh. collared coil ....mbly
in deuih lacludine laps between eacb pan II showD in Fil .•. The maximum
skin Uren in the 2 .. D section. boweyer. is not the maximum SUeu Ie the dipole
.bell. Th. muimam .kln Sl,."" .,. Coond in th•••d Ib.1I uctloa. Und.,
Ib.,mal load Inc, .he .nd .kiD .tr... II t.,o tim., Ihat oC the 1·D uCllo. Sl'.".
II can be .sp,....d u """1.98 E·6T·/Ia"(rd. 6). Thll .qu.tlo••110 IUU••II
that thc .nd lkin Sl,..... arc ind.p.nd.U oC the .kl. Ibicknell. Varioul
d..le. modlClcll loDl oC the en' .kl. (,d. 1 .t S) w.,e p,opol.d 10 ,cduce lb.
c,ltlc.1 end lhell .uca•. The p,..cnl " •• Yllc.1 reulu I.dlcu.. lbal by uli.e
an ••d yoke wltb sull.ble Iherm.1 p,op.rtl.. , we e••• rr.Cll.cly ,.duce lb.
crit ical Unllc • .

3·D FlHITE ELEMENT MODEL

A dcac, ipllon oC the .ad .h.1I mbly Is Iho.,u 10 Fie. I. The (I. it.
el.m.nt oC .b. cnd .hell ....mbly I••bo i . Fle . 2. Tbc ••• ly.l. 0111 po,-
C.,m.d uslae AHSYS cod. (4.4. +) 00. VAX 6420 i. tb. sse L.bora.ory. Tbc
Ikl., en' yoke, ead plat., .....1 be.d ..d .he body yoke ".re modeled witb
STIF.73 .bell .1.menU. The i. I. , race l oC tb•••d yoke to .he .ki. Is mod.I••
witb STIF.IO 10 .ccou.t Co, ".omp....io. oaly· Iap·jolDt. Nonli.car laterra..
elemcau a.ed for interference rho lad slid la, frict ion. inlide the end ski. il
uad., ...Iuuion aslae STIF·S1. The ..oldm.nU 'or tb•••d pille and .c...1
b.ad .nclola,. ar••ho inchded i. tb. 3-D mod.1 Co, d•••,mlnlae tb. co.·
nectlon. Ilrell .

Mec ••nlca. pre ·.nell aD tbe .kia Is modeled I' stiD radial pressare or
6.197 MP. (I K.l). Tbcrm.1 lo.d II couider.d u tb.rmal S1esdy lo.d .,ltb
i.III.1 1."p...IU'••• 300 K ••d cool do... to 4.1 K. II h possible IbU Iberm.1
tr••,lut co.dllio. m.y cslst du,i.e cool do.,. oC the cold mil.. The Itio
...... io lbe uaaalut S1.to will b. bieber thaa io tbo st ••dy .tat. coad illo• •

The )'ote body ,.,11 modeled Incl.dlal helium holes aad bas c.Yilte. to
.eeoUDI Co, 10c.1 stlrreoe.. dCecu 00 .ki••t,ess. Thc yoke Is ..od.lod 'or Ibn
bo,izo•••1 spll' wltb 00 I.P cooCle.'lIloa. Tbe Dlod.1 elobal stll.. Is IIst.d ..
'ollows: NUlDbe, oC EI....ot • 1981. H.mb.r oC Hodes. 4751 .

IlDpol.d dhpl.c.meau • 1153. Nambo, oC Fo,ce • I
Na ..ber 0' .1.01•• ' p,e..u,•• 760.
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Fig. 2 50 mm Dipole End Shell Finite Element Model



RESULTS OF J ·O ANALYSIS

The present ] -D model witb tbe yoke as 11\ annula, plue CIIlI belt be
cOls iderc:d as • ho rizontal split yoke des ian willa ftO liP . For I Yeni,al yotc
duil" wilh • inilial liP in tbe split. the ski. sUeu will be i ft c rcllccI (0 •
eerll in amounl dependlnl UpOD Ibe speciCied o..llIy or the colllSsembly. Fil .
4 IDd 5 pr.senl lh. StlD str... or Ibe 2-0 see liOD.

Th. loadinl condllioD ror lb. 3-0 mede l is Ulled .. rollowiDI:

(I) Thermal steady Sliit load (or cool dOWQ (rom 300 X tc • .2 K.
(b) St ln pr.·Slren.d 10 206 .9 MPI (30 K' I) by radial pr ...ure,
(e) Adll pr e-lold 10 coill...mbly by 84519 N (19000 lbs),

SIGE SIreU is used ror ahc suess rcsult. SIGE is the Iwer.lt SUess of tbe
skin calculalcd II combined crastic stresses accordin••heory of 'aHue . The
strtU Slate in the skin It lime or C.ilure normally is cOfts idcrcd hi CaU plaslic
Sllle , rnererere, employinllbe SlOE, may be j.ulri.d ror Ibe ..orale slress
approx imation if low cycle raligue failure occurs for duct ile skin mllerial.
SUtSS I' top .ad bonom over the thickness of the skift are considerably hizher
Ibln Ihe SlOE valu. Ind sbould b. us.d ror mllerill sbown Ilct or daclility.

Th. slein sir... (SIGE) ror the rour cases are UIl.d In lb. rollowinl:

(I) End stln wilboUl .nd yot. 'UPPOrl.

SIl.SS (SlOE). 707 MPI ( 103 X,i)

(2) End st ln supporled by end yote wilb I ,oH lnl.rhoe.(sold.r)

SIl... (SlOE) .517 MPa (75 Ksl)

(3) End skin supP0rl.d by .nd yote .. lIb I w. ld.d ID I.rrIC e, (weld)

Sit... (SlOE). 'P7 MPa (86.6 Xsi)

(4) End sle h ,.ppo".d by .ad yote IOd ...it b I Iap ·jolnl.d ill.rraoe.

SIl... (SlOE). 613 MPI (89 Xsi)

Tbe yield Sit... ter 316 LN Ill inle.. SI.e111 4 K all.r 1000 cy.les .i,

Allowlbl. 'Ire... 896 MPI (130 Itsi) (R.f.4)

2-D FINITE ELEMENT SKIN STRESS ANALYSIS

Tbe primary obj~etive of tbe 2·D dipole ures. tnllysh is to e.alaate coil
'U'CII lad dcformado• . MD'I"·('cl4 elcmcllt CSTIF·J3) e.a be and '0 obeaia cltc
combined SIr..... rroOl OIIIDCllo. Ib.rmll . Ind m••blOioll 101diDII. Tb. 2.0
analy,is for I 40 mOl dipol. mlla.1 i. modol.d wltb l.mp.ralar•• IDd.pondeo,
liD.ar ·elulie OIllcrlals wlltonl 'r lotlonal lal.rrl.... LO.II h.DdiDI resDlled
(rom the bod)' rotc e••ity ba"c added lome atreSles to the total ,kie UreUCI. For
lhe 50 01" dipole wllb end yote desiID(re'. 4), roloell lDI lhe b.. ouhy i Dward
00 ,ho body yote b••oOle D.cesSlry. Tbe Dew desllD wlllireilly r.d... Ibe locil
bendiDI lire.. aD lb. stl•.

Tbe 2·0 nnlte .1.....1 model ror Ibe 40 mOl dipole are sho ... iD Fllure
4, Ind 5. Tbe 50 IDOl dipole 2·D S.CliOD SIr." II Dad.r ,,"Inilio. by .'Ii•••rs
la ehe cold m." ,cedoR 01 sse ••,Rce divisioa.
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3-D FINITE ELEMENT Sr.IN SUESS AHAlTSIS

Tile 3-D nnlt••I....ntllru.. b pertorOl.d tor til. ud stln
...e ..bly "'itll or wltbOllttbe end yoke SUPpoctlnltbe 'Dd stln.
Desi&n cu. 4 Is shown Infit.' SDd Fls. , tor Ibe t.dlal deflect/OD
.nd stln stress IlIstrlllulio,,"

..
! -.

End pllte

.,. \ .. ..~ : :; ...,
. ....:;J ~ , .:. ~

~ -' o,/.o=-,.. ~.. .~~~
' . ... ...•"

.~ ~ ~... :.--:'it
Body Yoke ~". r: .:tSl'. ' . ~.:s

H••d
Ellclo••r

Fir 6 10 rom Ead Shell $rc1(oo y ic", t>cCorm•• ign PSg.
(II Til. OlIlIOlVDl radial deneCtioD 011 tbe StlD is
1:143 111111 (0.04,-)(or tbe desiln cue 4 "'ltb sort
Interface. Fot tbe duilll cue I wilb no .nd yoke to
suppottllle ud stln lbe lIIulOlUDl radial deflection
OD lb. stla b 4.62 0101 10.1127-).
(b) TIle dotted lines represelllS uDderroOled ..elion

POSTI STRESS

STEP.t

1TER-1OOO

F F

.66423

FiJ. 7 Stltn Dhlrlbvtloc OIl End stln I ttl ) to<" Ibe De.llo Cu. 4
",II.,. tb. End stlnls Sold.red 10 lbe Eod Toto



CONCLUSION

(I) U.inl .0Cl interrace to joial Ibe end .kin to Ihe end yoke will
reduce Ihe Cfitleal end sbell IIrell by 30'1> .

(~) The. (actor or s.rety is 1.73 (or the soh interface dCli,n witb tbe
rollowinl conditions: 316 LN stlilless steel .. the dipole mllnu stil
malerill, Ind undu 1000 operllill cycle•.

DISCUSSIONS ANDRECOMMENDATION

The (oHawlnl. arc recommended Cor improvemenl of the
dipole cold mill .bell de.iln Ind Inlly.is.

(I) MUlin or •.rety ror tbe SSC dipole mllnel needs to be estlblished IS
no tess than 1.S.

(b) Low cycle ralilue limit or 'be skin Ind 'be weldmenll II 4 .2 K to
300 K. need to be est abl ishe d feom dipole shell sample.

(c) Thermal tnnsieRt temperature analysis and lest data for the body
yoke. end yoke Ind collared ce it assemb ly need to be perrormed.

(d) Residual stresses and the suelS distribution OD the skin need to be
evalultcd. Confidence level of the uniformity the stin residual Uresscs
Ind assemblinl process need to be established.

The 207 MPa (30 Ksi) skin pre-llrelS a' room temperature .s used (or the.
peesent Inlly.is, needs 10 be cor firmed ror Ihe Illest SO mm dipole desil".
External IOldiA,S iacludiDI sapportin. post cae-cricicftt of thermal cloplDsioa.
temperal ur e and Iravily 10ld to tbe stil Iced 10 be included iD lbe n ..1
analysis. IDlerconncctioD lo,diaIS. seulement or misa1iamcnl lo'diD,S Ire to

be Idded to the end sbell de.iID. The present Inlly.is iodicllinl that u.ill I
nil eocloser bead witb 2.S4 COl (1.0') Ibickne.. IOd I S COl central hole pro·
daces I maximum flat head stress tlill is less than Ibe end stin strcss.
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