
A PRELIMINARY STRUCTURAL ANALYSIS OF THE TOROIDAL FIELD COILS FOR T-10H*

V. H. Cray and J. K. Ballou
Fusion Energy Division

W.C.T. Sfcoddart
Engineering Division

C o ft
• ' Oak Ridge National Laboratory

Oak Ridge, Tennessee 37830

C. F. Churakov
Efreaov Institute, Leningrad, U.S.S.R.

E. Y. Kliaenko
Kurchatov Institute, Moscow, V.S.S.R.

Paper to be presented at the Seventh Syaposiua ca Engineering Problem of
Fusion Research, Hyatt Regency* Knoxville, Tennessee, October 24-23, 1977

&V acceptance oi tkii cuUiUz, tht fxibtuktx OK
wtfpluut aduuioUdiU tht U.S. Govvumutf't
xight to tm&ubti * non-txehuivt, .-jsyaJU^-iKtt
ttceiwe in and to any cowught covvuns tht
tuvticJU

*Rasearch sponsored by Che Departaent of Energy under contract with Union
Carbide Corporation.

OISTWBUTION OF THIS O - n r W i T "5 "NLfWITCO



A ?!UX:2!XSA&? STSKCTCKM. MULTSZS IF TSE T0H0I3AL FIELD COOS fO» T-10K*

'•". S. Sray ami -.'. K. 3*Uau
Fu«la* Saarsy atvls loo

W.C.t. itaddart

Oak Jtiita Satioaal Uboratary
3*k Udaa. T N M « I M 37KO

C. F. Churafcav
£fraaov Uat i tu ta . Lsaiatrad, S.S.S.3.

S. *. Kliaaako
feirchatav Saatitut*. Stoacev. C.S.S.a.

A structural aaalyaia of tha T-iOK c«irj»i» serai-
dal 2t«14 (IT) call systaa haa b m aartarcad. ftie IF
«aii sitaaaa wt* proaesatf. OM aval aad th* ethar
circular. Each 7T «aU s?»e*a u caayeaad of 24 eoiia.
TXa aval TT call syataa has a 2.««« aajor rciiitt with
• aiaar ben i t a m i ei M S i aM i aajo* iota
dfcaaatar •( ) . * • a. Tfca circular IT toil systaa has
a J.J-a aajar radltis with a £.:-a tier* diaaatar. Tha
eraaa I'tttiws at both XT sail ahapaa hava rastaatu1**
iiaaMlew at O.i » by 9.U a wlcH • -9.lt-* »y O.::-j
wta4tH c*vlt? cywamcaUy >Ucari vickla :h« crets
•acciM. Tha ewrzaat at «*ch «»U ia l.?S MA. Ilthar
tVMMtt? >t«4«w a * MfMtic SiaU «* 3.S T an axU.
; . • a (re* :ha aacitiaa camcat liam.

y avarta ttw c«tultt of * vtetmw
ea iacaniM vktch tr sail ibaaa «a«c«aa

tn * t n t o w tcraa« caait|Mratto«. ttia ttMCy ta * ?»rt
4( eha ,'iiit C.S.A./V.S.S.>. Mtaactitc am!ta*«a. Tka
teaaa ai t»a aaairtU eavari gal* ctta ia^UM jarea
4&tcr£kMCia« ffitteii »y tha MgncU iiai*.

SaMtf uaa* cha artca<t»g ea«4ieta«9 tha «**! TT
e»il tk*aa i m i r i c# »• »nf«*Jor u tiw eircuUr T?
call *««»«. Utt»tt. eM aval tf eott tktf U ii»
?t«»aac 4aal(« h*r. a «l(«iflc«K »a<nr • » ( ! • bacvaan
vackiaf *Mt ?i«14 atcaaa tartar aat«Ml oaat*tta« ««<i-
ciosa. rSa circvUr daatfa, tteuavar. ia laaa saaaittva
;e MfMtlc (t«14 ^arttiraaclaM which aty ba «aeom-
;ararf in praaf satcts««

A acnKturat aaalyala oi sha T-10K eckMait «er»i-
j«l. i U U (IT) ea&l t y a n a vaa a«rfanM4. Twa TF ca l l
•haaa* «•*• ?ra»aM4. c«a aval 11M tlia ethar elrettiar.
lack ?r s a i l tyaiM «maU(a i e( :* ca l l* . ?ha «ireu-
U c I f ea i i tyacas had • : .S-« major nuUua with «
: . i - » »ar« diaajacar e«U. Tba oval TT ea i i ayacan h u
a : . * - • M}ar (a4i»» with * aisar tcta diaaatar ae
I . iS * aaa * M } * T aaca i U M t a r s i l .£S a. T â aval
*h*a* V M | a M n ( « 4 by f N t elxai iar area (Ma Tit. «'•
ta4 :!>«itiara raaraaaacs • ;aa»ra«Ua batvaan sh«
iaarleattaa aif ( lc«l t ta« MaocUta4 with a coatiauaua£y
«arytat (ailua at c u n a t u n aM tha eomacwe ta*al«*
etacaccartaclea o«cal«jal« U aaftcKlaauly 9*alwaatf
cat la .

•acd TT ca l l step* ciaaa tactieka dad tha raet»a-
l« l«r t i a w s l a M «t U.i a ay O.Zi a wttfc a 9 . 3 « - Q by
O.:*-« ujMlla* caviej syaaacxluUy »lacaa vlthla eha
et»aa >ac;ia«. tHa o t t t a u wa» S.TI HA. ?it»ra :
?raaa*ca • ckvaa-<l»aiiala«al tie* ot cha S4 «atla which
atiw ua tSa aval TV c o i l array. T!» sati» vara 4ivi4*4
Uta I w t <itwlA? area ca aajui a <****tiical 4uer*B~
staa far a aataatte f l a U ss<«. Thla |to«acr« ;co4tKa<l
a atfMtle ttaU «l ) . K « u l a . I.* • itv sha
MCMM caacar lisa ?f *ach *-T-aaa1r ?at «Ha raataaaa.-
tatia* la Flf. 2 aacH siteuUr are «aa a^ala 4

imto ions aaetieoa « d apprasiaacad with ?l*a«r ;as*li.
thla taoaterical daaeripeioa was ^raeatsad by a aisttae
lisa raaeval frapalsa ?aefcaa.a cs ;«to«ui« Fig. 2.

Tha abjacsiva at ;hi» acud« vat to 4*t*rmiz>* vri^is
e«a ni tha TT ceil thtp** waa cha "base" i«stiti; that
Is. vhieh CM ap«raead ia a itoiaua ictaaa corsfigur*-
tio«i. TM teoaa a< «ha aaalysla covarae' oeX» sha la-
?Z«aa iotca dtacrlbucioa sroducaa by ttta aafoaele ii*li.
Tbaraai. {rawtcy. *ai ceaduccar ?r«t*n«Xoaiot load*
war* a«tl«et«4 alee* coll shap* eaaa&daracieaa it* '.***
s*aalt£«* eo that* factors. Furshar, au;-of-pi«i*
Mfentlc lsadio» *a vli. aa auc-ot-placa tuppor: sehaaaa
vara aot «xa*io«d.

Tue UfpUa* *£tcsreaafs*ti« fare* iiaeribueien*
v*rt walytad tar *«eh coil. Tha ilrat wu 4u* ta
Mtval it aa«raclaa at &Ha IF eella arrantad fa a
saroldal array. THa steood vaa a ptreurbaclott at ih*
tirsc which viti«<i iroa to !Aer*aaa ti OS at tit*
lacacloa at tha -uxttum tare* ta aa ineraaa* at 3C5
at th* loeatiaa at tha alalauv tore*, tharasy tiauXit-
i o | a proof caat oC a ceil la aa «xttiuaUy stnaracad
backfrevM aa|»acie ilaid.

Tit* calculaciov ot th* aanai *l*«ereaafe*tlc
Jare* was parteraad ttalat th* ilaciiilad fare* JMT
ueie l**|th taraula iarivad ia'

i (cou - | -«~)

whara it la sha fere* a«r <>ait ;«tt*th, S is th* siaii:«r
at colla. I la tha c«rr«ii. R ia th* teroltiai ;adlu*
to th* point la ̂uaatioa, 3 ia tha radius at «urvacur*
At this jolat. C ia :ht eraactactional radius at tha
soMvctar. and : is tha « | 1 * tha rudius oi iutvsturt
•••actor aaka* with tha sierlsental axta.

For t!ta elreular coil, applleatloa :f £;. (1} uas
atraithttarward. Hov*v*r. th* praaaat daaiaa at th*
aval sail laads ta applieatlaa prablaas with S^. (1).
Sacauaa ch« prapaaad call ia aot santast at th* are
Inurtactio* locationa* dUcontlauitlaa *Eli* is th*
radius at etuvatur* aad is th* ii calculittd by E?. i1.!,
3u* to lack ot ttaa to d*vot* ta thaaa ealeulattooa,
tha rasultlst fI ealculaeioii «laaiy av*rat*4 th* f;
valvaa at «aeh aid* ot a diaeoaeiaulty.

Strata A Xodal*

For *aeh TI tall *hap* asd ioMlnf <as* two -iait*
«l*aaat aedala vara uialyxad. Th* first asd aor* :««-
aarrativ* aodal canaidarad tha soli caaa ta b« th* •»:>•
Maaortiat aasbar o£ tha toll craaa taetie«. £i«ht««n
hollow raesaatAiUr baaaa vara utaa to daser£h« sh* VF
call (ooaatry traa a pelst uhara eh* TT coil would ia
tuppenad by sentaesuit tha aaehiaa bueitiai »yltnd«r
to th* plaaa ot tvaatatry jt tha oil. apprawlaacal?
ICO* avay iFi«. 2).

•Raaaarch tpaHtrad by :h* 0«f artaaat at laarty nadar
eaatract visit Salon Carsiaa Car?oratio«.



Tha aacoad aodal iika :ba ftrat iadvdod 19
raccaagwlar baaa olaaaaca; hwavor, i t alao iiad 19
ractaacular rad olaaaats aBdaliag eha atratshiat rasiat-
aaca of eha «»«oUthle eoadvetot t n u HCtlw without
iatroduciat aay laaiiaa. aeiffaaea for tha eaadtretor.

Tha •atari*! wad for eha e*aa DM ataialaaa ataal
with a Yowai'a Modulua ot It3 «*• OJO * 10* H U aad •
doai«a atraas a* 3?« » a C-AO kai). Tha aatartal prop-
artlaa IIWM< is* tba eoadactor Mit thae at «opp<tr
radwcad by 9.7* c« accovat fat I n U n cMntto vfcich
amrrotad aac* toadvetor « l « w t . Tha raiwead conductor
Touaa> »o*»l»s aad Mail* m « M M N M,7 S?» aad
103 » » , taapactivaly.

Tha pravloiKly calculated leads Mtt latrodvcad
iato tha flotto alaaeac aodals itaiat llMar iaearpolf
tioa «e choaa aod* aeiau vfcat* torew vata not ealcw
JEaead. Iha CUTS It* c a p s i t e«da w i uaad tat eWa
aad«l taaatatie* aa vail aa aelMtiw.

Output of Utaraat f tea tha tiatea aloaaat aodala
i atraaaaa at tha iaaar aad outar flhar* tt

eha baaa alaaanea aad d*fiaetioa* ot all eha aada
aotaca. Aa «naal* ot eha oucpue feoa SIFTS XV ta
sham ta Fig. 4. T M a ftftira dopi«ta eh* dtatciVittoa
of eha Eiaadfng atrataaa oa baaa *l*aaat 2 ot andal BT1O,
loadlag eaaa 1. Thia ta tha oval coil aodal with rod
tlaaaata atstaaad by tha noraal oparatloaal load. Such
tifura* tiara aada fox all of tha baaa olaaaata ia ovary
aodal. Thaaa d a n «ara coadaaa*d iaeo th* tollortaa
oighc figuraa.

la eha aaxe «lght tigurae aoraal aerata ta eha
coll eaaa ta plotted veuaa laguUr aoaitioa trowed
to* TF coil < « aagle ot 1*0* ta loeatad »t eha point
oo. eh* eoil twetbaet froa eh* aachtta eaaterttee). Tha
plota ahev tour valuaa of atraaat eha oticar ftbar
aetam, eh* laaar ttbar atraas, tha aaabraaa atraaa,
*Ml tha baailaf atraaa. Taa oatvr lad taaar Itb*t
atraaaaa oce«r at tha out«r aad iwaar «trfaeaa of a
eoU ittf D > »«luaa of atraw wta iiaphad ta pareaat
of th* i—tgt atraac for atalalasit ataal uMeh ta
27* SPa. Tha oatar aad taaar ftbtir atraaaaa ara thoa*

ara actually pradtctad to occur *e thatr raapac*
locattoaa, Tha aaabraaa atraaa ta eha atarai* of

tha taaar aad outtr attaaa «ni rapnaaata tha aowit
of eht tore* waiiea ta batag raatatad ta taaaioa. Tha
>iaadtag atraaa ta tha «f*rag* dtffwaata batvaaa eha
laaar aad outar atraaa aai raar*a*ata eha aaaaat ot
fore* ualch ta batag raalatad ta baadtag Oa eh*
sraate «htch fallow, tt ta aaawa thtt aaall valuaa of
fraadtag atraaa raUttv* to thaaataitadaa of tha othar
atraaaaa ar* daatrabl*.

Ftgora 3 praaaaea atraaa varaua tagalar poaieioa
for eha oval eoll aodal «teh eha «aaa batag coaalttarad
aa eh* oaly atnemiral aoaiar raatattag eh* *l*ctro»
•achaatcal tore*. Thia raapoaaa ta d«a to tha aoraal
tarsa ilswtbuttaa. T!M graaa daaoaatratat that tha
oval eoll ia ralattvaly baadlag ftat, «a oaly 3O^3S
of tta atraaa ia daa to baaitag raUttva to tea
aaabtoaa aeraaa. Ftgar* t ahawa th* atraaa raapoaaa
ot th* aaa* aadal aa Ftg. 3 *xc«pt th* pattmbad forea
dtatrtbacia* «aa «aad ta tha aaalyaia. Coapartaoa ot
tata figaca vita fig. 9 daaaaatmaa that tha oval call
•hap* ta vary aaaaitiv* to force dtatrlbattaaa vai«h
aay b* tadoMd darlag a proof taat. OaUka tha
praviotia A f m , 30-33S of tta atraaa la tea to baad»
tag rathar tlMa'aaabraaa atraaa.

Ftgaraa T aad t araaoat tba elrmlar call
taatatd of tha oval call gaaaatty; tint with eh*
tmaal forea dtatrtbattoa aad aoat wttk tNi
fore* diatribttttoa. lath aodala, Uka tha M O pravtoua
oa*a, hava oaly baaa *l*aaara raatrataiag tha *l*etro»
anchaatcal fore**. Coaparlaaa of eh* circular aedal
ia Fig. ? with taa oval aadal ta Ftg. 3 atom
sigaiftcmtly aora baodtag ia th* circular aodal, aa

m votiA «x»*ct, Itaiwit, vhaa tha parSurbad iirt*
dlatr&tttlom ia «etla« uaom eha cirsalar aedal (fit. 4),
tha atraaa l««ala *ra ralattvaly -4*eha»««i ««••«*•* to
tba aoraal forea dtatributioa ta tit, '• Th* aatttirbad
Sorca eoarittiM U aor* naarly tha baadUg *»•* t
for a eircuUr eatl ahapa. Thla fact ta oi* ot tha
fuMlamaiatal dtftaraaeaa ta raapoaaa » load bat«*aa
two eotl taoaatrlaa.

FlViraa 9>1Z «orc«a»oftd <llr»etly ta tit*' 3 ^ ,
aseaat that aach of thaw a lota « u obtataad by
nwiilit tha cwJafltar w»ld otfar aoa* dagraa of
atratehta« raautaaea M load vtth»»t amy f d t a t
r«atataa>ea. d « M o a *-12 t***rally ahCN tita »ar«
traada aa thatr eowatarparta, bat tha aacatcttda« at
tht teaar aad wtttr ftbar atrasaaa ara lawar.

Tabla 1 praaaata a awaaary ot tha dtffaraaeas
batvoaa eha atitteemal raap««aa of eha
lar TT eotl aodola for both Ui>^i«* «a«a*ete fore*
clstributtoo*. Tha follovtat taavlea wara «be*la«d
fro* tha atraaa aa*ly*ia.

(1> Tha etreuUr TF soil hia $ « htthar atrasa
thaa eha oval IF eoll for aoraal forea iit-
crtbucloM.

(2) tha *ral eotl ta ralattvaiy baadtat fcaa In
th« «anal forca tt«ld, « oaly 20-J5X of
tta atraaa ta * « to

<3> Tha «tre»lar «etl paak »er*aa «o
to eba forca 4tatrtbaeto« partwtbaetoaa
aa tha oval eoil ttraaa «aa vary *aa*ttiv<»,

<i) Tha addittoa of tha tauiot-oaly coad»ttar
oloaaata (aodal 3) dacrawad tha atraaaaa
ta both coll ahapaa by aaprottaataly IS5.

laaad opoa chaaa raaolta tha oval TF eotl ataaa
aaaaan to ba auparlor to eha eircular TF eotl ahap*.
Fwtthar, tha oval TF coil tfcap* ta tta praaoae
hta a atsalfteaat aaiaty aacgta batvtaa votttat
ytald atxasa tadar noraal oaantiag eoadtttoaa.

I. , *. « . , Jr. , aad tw*a«» W. C , Ftoe. «tit
Svaaoalua oa ttttiaaarlai Froblwa ot fuaton
Haaaareh, t t » F«b. So. 7K*10a?-J-»S.

Raaal, R. A. Md JteCafco, «. W., "CUTS X* Saara
l w CUvantty ot Ariaoaa, Tasaoa, Art«o«a,
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