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AbgErecs

& styuctural amaiyais of =he T-I0N Cekamak Sor3z~
dal 22el4 (TF) coil system haa deam parformad. lwe IF
<etl shapes vere propegsed, cae oval amd the other
cizculav. Zach TF codl system is composad of 24 colls.
The sval IT ceil systam “a3 3 2.<-m maior vadiue vith
a aiser YSere dlametar of 2.15 3 and 2 3oy Sers
4iamatery of ).28 3. The circular TF coil system has
3 J.5=u aajer tadius vith 3 I.l-3 Dore diamatar. Tha
crons 2ctioma af dech TF ceil shapes have ractamgutar
iinengioas 3f 0.6 3 % 0.36 3 vith & . )e-a By O.12-w
viadiag cavity symsetrically 3laced vithiam 2he croess
section. Tha curramt of asch cedl i3 1.7% MA. Tither
gosmatyy produc 3 3 aagRetic 2ield of ).§ T em axts,
2.% 2 from Ve aachiae Ceatder liae.

This study reperts the casults of 2 cacperstive
izvestigation to deternine vhich T coil shapa operates
in & ainisue scress comiiguration. The stwdy is a par:
of the lelmt D.S5.4./U.5.3.3, seiencific exchamge. The
scopa ol tha asalysis cevers Jmly the ia-plame Jorce
dtseridution praduced »r the aguetic Zield.

Sased upon tle preceding conditioms tw gval TF
c2il shape aprears to de juvperier to the circular 7
ceil ahape. Turtysr, the aval TF coil shape ia iss
aresent desigm . a sigeilficaat safatr margim betvesn
verking and rield strass under neveal oparetiag cordi-
2ioms. The circular design. hevever, i3 less seasitive
e aagaatic [{eld Jerturbations vhich asy S wmcoun=
exed in preef cascimg.

Jasgedyceios

A etructural amalysis of cthe T«l0M cokamsi torai-
dal 2ieldd (TT) ceil systim ves paviareed. Twe OF 221l
shapes vate prapesad, cae ovel and the other circular.
Zach TT seil sysiem comeistad of 24 zeils. The cireus
iar TF ceii systam hae 3 I.5-m sajor vadius with a
sea=d Yore diamater coil. The awval TF cail ayatam has
a 3.4=p aaior radius vith 3 niser “ore dismeter of
2.25 = and 2 2sjor beve liametar af 1.38 3. The aval
ahaps vas geaarsted dy Jour cirewiar arcs (see 7ij. i),
ad shavelare Teprasents a ceepimaiss detveen the
{abrication diificulties ssseciated vith a coatinuously
va! Tadiue of curvatvre and the comitant tenaios
chazacteristics ohtaivabla in apprenimately D-shaped
ceils.

Seth IT coil shipw cress sections had the recian-
gular ilmensiens of 0.4 3 5 0.0 u witk 2 QuJén v
J.22=-a vinding cavicy symmecrically 2laced within the
czosp section, The curreat wes 2.7% MA, TFigure 2
vassnts 3 thrse~diaennienal pict of the i coils th.e‘\
2ke UPp the Ival IY ceil array. Ths ceils vere divided
intd four cireulaw m:s €0 adie a geematrical degeripe
sien for a megeetic fisld 2de. TNia gecwetry Zroduced
a aageetic fieid of ).s T on amis, 2.0 » Iroe the
PAChING centar iine of aach okamak. Yor the represem~
tation ia Fig. 2 sach cizcular aze vas agais dividad

Research spensered by che Department af fesrgy wndar
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iace four sactions and approximacted with planar javals.
This zeomatrical description vas racessad by a hiddee
line camoval graphics package =o produze Fig. 2.

The odjective af this study vas =0 detsrmine which
ona of tha IF coil shapas vas the “best” desiza: cthat
ts, which coa operatad ‘o 3 ziaizum dtzess configura-
tion. The scope of the analysis covared smliy the ine-
2.ane force distribution produced by tha aagsetic fleld.
Theraal, gravicy, sad ccaductcer pratansioning loads
ware dweglected sicce coil shape considezaticas ara las3d
sensitive to these Jactors. Turaher, wiecf-plane
saguecic lcading as vell as cuc-afeplave suppor: achames
vare 2ot axasined.

Eleciromsgnanic Fayce Caleulaeioa

Tue ine-plise elxcitomagectic Jorce distriduticn:
vere analyzed Zor sach cail. The Sirst wvas due %o
sormal dc dperaticom of the IF coils arranged in a
covoidal arvay. The second vas i parturdation Jf tha
2irst whica varied from anm incraase of J% at the
location of che :ximum fozse S0 an incresse I MR
at the locaciom of the xiniwuw Jorce, theredy simuiac-
ing & proof teat of a 2eil ian am externally generatad
hackground sagmacic Ziald.

The cakculatiou of the dorma. slactromagnetic
{ovce vas Periormed usiag che siaplified Zozce per
ueit length formuia derived in

N e . .gs
P ) Y oe PR B 1.28aR, . .
‘a'?ﬁn"“'s(“"':“ = ) €3}

uhere I a tha force par uait iam@th, N I3 tha cuater
of coils, 1 i3 the surrer:, R i3 the :orcidai radius
to the point (a quastion, o i3 cthe radius 2f curvature
at this polae, C is the etau-mt:ml radlus of the
comductor, and 2 i3 the aagle the rudius of curvature
vector makes with the qerizeatal axis.

Tor the ctireular coll, applicatiom of Eg. (1) was
sezaightiorvard. YHowever, the sresent desigm of the
oval coil leads %0 application problesms wizh 3. (1.
Secauae the propased coil a3 30t tangenmt at the are
intersection locatione, <iscomtiasuities ailda ix the
radius of curvature amd i the £ calculated by Sq. (&Y.
ue to lack of ctime to devote to these calculatioas,
the resulting 3 calculation simply avaraged che
values at asch side of a discomcimuicr.

(3{1 ¥odels

Tor each IT zoil shape and loading case two Yinize
element nodels vere analyzed. The 2irst and more come
sarvative model considerad the 20il case 3 ke the wiy
supparting sember of the coil Irass section. Eighteem
hollow Tactangular deams vere used 20 éucr.be the ¥
2ol geometzy Zrom 2 pciac whare che TF coil voyld Me
supperssd By centactim ; the aachine duckiag cylinder
z0 che plana of symmecry of che coil, appromimataly

120° auay (Tig. ).
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™a second model L2ke the Zirst imcluded 13 Mollow
edtanpular beam elements; however, it alse had 13
vectangular rad elemsats aodaliag the stratchiag vesist-
amce af the mowalithic 2omduitor 22088 Jectiom without
iatvoducing aay demiiag sviifoess for tha comductor.

The material used for tha case vas staialess steel
vith a Youmg's Nodulus of 193 GPa (30 = 10° pai) amd 3
desiga streas af 276 Pa (M0 wal). Tha matarial prop-
artias assumed for the comductor were that of zoppar
voduced by 3.7% vo accovat Zar heliva chammels which
surround each conductor slwmemt. The reduced coaductor
Young's Modulus and design scvees wvare 36.7 GPa and

103 MPa, respactively.
Tha previcusly calculatad loads wvare istroduced

invo the finice slwmest mddels usiag limear imterpola-
tios at thoee node points vhere fortes were aot 2alewe
Zated. Tha GIFTS IV zowputer code vas uaed for the
aodel gemeraticn as wall as wilutioa.

Rapuisy

Output of iaterest from the finite alememe models
consisted Al stresses at the inner amd cuter Zivers of
che demn elementa and deflactioms af all tha aode
paimcs. An axample of the utput from GIFIS 1V is
sheam im Fig. 3. This figure depicty the distriduticm
of the banding stresses on deam dlememt I of madel D110,
Iosding case 1. This is the wwal coil adel with rod
alemsuts stoessed by the normal :perational load. Such
figures vars msde for all af the bemm elimdmts im avery
wodel. Thase dacta vars comdemsad imto the follovimg
sighe Zigurea.

Iu the sext aight figures normtl atreds in the
coil casa is platted varms aagular positiom arourd
the TT coil (am amgle of 130° 13 located at the poime
on the coil furchast from the machime cemterlime). e
plots show four valuas of stress: the quter fiber
atreasa, the ianer fiber stress, the aembrame itress,
5 cthe bending stress. The cuter aad immer fiber
ITEINNN accur ac the ocutar amd Lwer wrfaces of a
cods (Fig. 1). Values of stress are graphed ia parcent
of the design strese Zor staialass steal which is
276 MPa. The ocuter iad imsar Tikir 3ttessen are thoes
which ars actually predicted to otcur at thair cespac~
tive locations. The wembrame stresy is tha average of
the innar amd outer Stress and TOPTEGGAtS the mount
of the Zorce which ia Saing resisted in tesaion. ™
bending stress i3 the average differemce datvemm the
1a0aT aad cuter ItTRAs ami represeats the amoume of
force vhich is Weing rvesigced in desding. Ou che
graphe vhich fallow, it is shoum that small veluss of
Sending streas relative to the -msprituies of the other
acresses are desirable.

Figure 3 preseats 3tress versus aagular position
for the oval coll wodel with tha ¢ase Yeiag considersd
&6 the omly itructural aambatr resistiag the electro-
aschanical force. Thia responss is dwe to the normal
forss diztribucion. The graph demcunatractes that the
oval coil is relatively bemding free, as omly 20-25%
of ita stress is due to bemdisg ralative to its
ssnbzane streas. Figure & showe tha StTess tesposse
of the amme model as Pig. $ except tha perturbad force
- cthe amalysis. Compariace of
this figure vith Pig. 3 dememstreies that the ovel coil
shope i3 very semaitive to force distrimtions vhich
wmy Y induced duriag a proof test. Uslika the
previous Figwre, 30=-33% of its streas i3 dus to hamd=
ing rathor than' msabrame Strees.

Pigurss 7 aad 3 pressat the circular coil geomatry
instesd of the oval coil gesmatry; firvst with the
vormel forée discribution and aemt with thw pecturbed
force discridution. Jeth wodels; like the tvo previcus
ones, have culy beam elemamrs redtrainiag cthe slectro=
wachanical forces. Cowparisce of che circular wodel
in Pig. 7 with tha aval 3edal ia Pig. 5 shows
eignificartly sore deding is the circular meodel, as

sk wuld axpect. Rowever, vhan the pertuchbed Zorce
discziducion is acting upom the circular model (Fig. 3,
the aceess levals ave relatively uachanged oeparad
tha notmal force disteiduciom im Fig. 7. The pecturded
Zorce comiition 13 more aearly the deading Zvee pattern
for a cireular coll shape. Thie faet i ome of th
tusdapental diiteremces in respomie to lodd detveea the
two coil geometries.

Figures ¥=12 zorrespond direatly to Fige. =3,
axcept that aach of theea 3iots was dvaimed by
ABNMiag the conductor would oifer yome degres o
stretching Tesiatamce to 10ad without aay bdamding
resistamce. Figures 3=12 gemarally show the sace
trends a3 thelr cowaterparts, ut the magritude: of
the ioner amd outer iilee stricees are lower.

Sopsiynions

Table 1 presemts 3 vamary 2f the ditieremces
betweea the atructural of cthe oval asd irey=
lar IF coil models for Soth ia~plane magmatic farce
distributiocns. The fallowing vesults ware Jdtaiod
I{rom the stress amalysia.

(1) ™ cireular T z0il M 3R higher itreass
cham the aval TP cod)l for noraal Iarce dix=
TTAbutions.

(2) T aval coll is relatively dending iree in
tha nereal force Eield, as oaly 20-23% of
its ateess is due ta deading.

{3) e circular coil peak stress vas iasasitive
to the force distritmtion perturdations wvhere=
as tha aval coil atress vas very seasitive.

{4) The additiom of the twmaiom=oaly comiNtor
olemmats {modul 2) decreasdd the strasas
in doth coil shapas by approximataly 232.
Based upon these Tasmlty the oval TT colil shapa
2PPART3 to de wpetior to tha dircular ITF call shape.
Further, the oval IF coil shape ia ivs preseat Jesiga
has a significant saiety aargia becvwesn vorking and
yield stress under normal oparating condicions.

3siorences

1. Moeeas, R\ W,y Jo., 3od Youmg, W. C., Prod. @cx
Symposivm on Engineering Probleme ot Fusien
Restarch, IEEE Pud. No. T3CN1G97=3-NP8.

2. Kamal, R. A. aod Necabe, M. W, "GIFTS IV Usavs

ml." Talveraity of arizosa, Tucsva, Arizona,



A compariacn of the paxianm predictd It
for aach TF 201l ahape, force field, amd
wodel for e T-I0N Tokamak
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g 2. Threesdimnsional plot of e geomtridal
Tepredwmtatica of tve T 2ils for tokamak T-I0N. Datra
for this graph vere odraimed directly from v geowmts
vical data bade weed by a mapaetic Field @R 2 aldwe
late field. Tor v purpola of presentation the hiddea
1108 have dean emeved from thia drawiag.
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3. 3. Graph of the I3 hollow rectangular eam
dlemnts wed 12 eomdtrially cascride the aval 10N
TF coll 2omept. Note tha? half symmetyr wam uwaed o
decrease W&l size and thae the backing wlinder was
considered 2 de iafinitely rigid.
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Tig, 4. Txample output fream the GIFIS IV compuker
codk, At W 7 (R 1eft end of the bédm alememt ),
the Mraal L2 varias frea 3% of yield streds at e Elgure &,
outeT daah surfaze te 32X of yield atreas at the immer
Seadm durtace. At 23d0 3 (TN Bighc WA oF DRAA dlameat
2), the aermal stiess varies from A% of yield stran
At THR QULAE daaM sutface to 37X of Field atmis at thw
inner Dedk aurface. A yield stredd of 276 ¥ (W kal)
w33 wed 1A Uxe anAiYlE. TRAD Deam elemant i3 carrying
e sajority of its load im tanaiem.
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