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Early work on TNS/I'EPR a t ORNt. consk.tuc of syitoni!. tr.nli! •.tuilitvJ to uM.itil i'.ti

a bar.fl int' dcsiyn. R{;|»rt.".i'nt.iit.ivi.' paciimi; torv; aro shuwn in Falih; I . [)i'Volo|iin('nl.

of Un.".<; (wraint'tors into a im.'cli.iniciil <li". i'|h foi:tr.r.O(l on the; coinpluxi t.y of the

device (li'.annoralily. Three modification?, to the phy.k" . ami (•n(|int.M.>rln'i c r i t e r i a

are beiinj studied to ea'.e t,he-.e |irol>Inur. of remote di',.iv,<.'tnlily:

1) Increase al lowati le f i e l d r ipp le from 17. to a maximum ol "M, thori'liy

reducitK/ the nuinlior of IT c o i l s . The resu l t is intreased acci".1. hotwi-'en coil1...

2) Provide su f f i c ien t clearance in the bore of the toroidal co l ls to raise

and lower the Ef co i ls during torus segment removal. This assumes a require-

ment for equil ibrium f i e l d (LI) coi ls close to the plasma.

3) Investigate a secondary vacuum enclosure (e.<|. vacuum huiMimj concept)

to eliminate the need for welded torus jo in ts and Tl" coi l dewars.

This paper discusses these modifications, as well as some overall cost implication'.

re lat ing to r ipp le.

INTRODUCTION

Early work on The Next Step (TNS) Program at

Oak Ridge consisted of Systems Trade Studies for

several tokamak configurations. Using consis-

tent physics and engineering c r i t e r i a , device

cost sens i t i v i t ies were evaluated, along with

TNS object ives, in order to establish an i n i t i a l

conf igurat ion. The result of this e f fo r t is

the baseline design shown in Figures 1 and ?..

Some of the key parameters and major components

are l i s ted in Table 1 .

Development of the baseline drawings

focussed attention on the d i f f i c u l t i e s til

machine ilisassMnti'ly which should he accom-

plished viit.h simple, r a d i a l , nonrnt.ational

removal of components. One of the most d i f -

f i c u l t areas to reach, from a maintenance

perspective, is the toroidal j o i n t on the inner

vacuum vessel/shield, the torus area closest

to the machine ver t ica l center l ine. Our early

TNS stud ins indicated that operations on any

inner jo in ts would have to lie done remotely from

inside the toroidal s h e l l ; this is .in operation

•Research sponsored by the Division of Magnetic fusion Energy, Department of Energy, under
contract W-7105-eng-^6 with the Union Carbide Corporation.
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One of the cr i ter ia used in establishing
our orifjinal baseline design is a peak to
average f ield ripple of IX. This parameter>
along with cost and geometrical considerations
for component si2es, established the "twenty-
co i l " configuration in Fig. 2. In this design,
removal of the vacuum vessel/shield segments
cannot be achieved without also removing adja-
cent magnets as shown in Fig. 2.

Recent developments regarding plasma
sensitivity to these magnetic perturbations
Indicate that increased ripple may be toler-

(2)
ateel, ' resulting in a reduced number of toroi-
dal coi ls. This could allow segments of the
machine to be removed between coi ls, resulting

in a stationary installation of the Tt* magnets
( f ig . ' i). This is desirable from the maintenance
aspect as the coils are expected to have a much
longer operating l i f e than the f i r s t via 11 com-
ponents.

Two investigations regarding ripple were
established: 1} the number and size of the TF
colls which would satisfy ripple l imits of up
to 3", and 2) the effect on total device cost
for these configurations. ' Using the COA'-iT
(COsting And Sizing of Tokamaks) Code to eval-
uate machine designs ranging from 12 to Id
coi ls, ' ' we established that a 12 coil con-
figuration with 32 ripple would increase the
total device cost 21 over the original base-
line (Fig. 4). However, this design did not
solve our disassembly problems because there

I'l_/Ut VII W (i.u)AWAY)

FIGUFiL 2. OKHL/TNS Baseline Design



I'IGU'L i. Torus Segment Ueuiuval
Between I ixoil II Coil-.,

was s t i l l not sufficient access between coils
to remove l/l<' torus segments, •ntd there
appeared to bo insufficient clear space to move

. the CF coils within the TF coil bore, .Increas-
ing the size of these 12 coils to allow I/I I'
segment removal reduced the ripple to -1'i and
increased the device cost by approximately I4X.
Further tradeoffs between cost, ripple, and
access resulted in a to i l size (l?-coil array)
that provided torus removal of 3d segments,
f ie ld ripple of approximately 'it, and an
increased cost of approximately !>'•'. In addition,
there is sufficient clearance to raise and
lower the trapped LT coils to clear the segments
being removed.

FF Coi_ls...j.n_ U112 JF Coil Bore

The di f f icul t ies of disassembl iruj toroidal
vessel segments are compounded by the trapped
EF coils (Fig. 1). Part of the TMS work for
this year is a re-evaluation of the poloidal
coil systems, including an iron core vs. air
core design. A portion of this work wi l l con-
sider placement of the equilibrium f ield coils
outside of the TF coil bore and may indicate
that some, or possibly a l l , of these poloidal
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coils could be superconducting. The cost impli-

cations regarding power supplies and power con-

version wi l l be evaluated along with questions

concerning plasma s tab i l i t y . Current PF coil

considerations have allowed for a reduced num-

ber of EF coils^ ' which is a great step toward

reducing the complexitiesiof segment removal;

ideally, from a mechanical point of view, i t

is desirable to locate no coils within the TF

bore. However, assuming the EF coils must

remain close to the plasma, they must either

be remotely disassembled along with the torus

segments, which does not appear possible at.

the inner coils for reasons already mentioned,

or they must be moved away to clear the seg-

ment removal (Fig. 5). The latter has been

chosen as one of the requirements for sizing

the TF coil bore discussed above. In this

manner, toroidal segments can be removed from

the machine using straightl ine, nonrelational

motion. The upper midplanc EF coils are simply

raised as whole units and jury-rigged to the

TF coil structure; similarly, the lower mid-

plane coils are lowered to rest on the TF coi ls .

EF COIL

/

VACUUM VESSEL
SHIELD SEGMENT-

FIGURE 5. Torus Segment Removal Showing
Relocated EF Coils

The las t topic to Lie discussed deals with

the jo in ts for the toroidal segments. Dis-

assembly of the device, even with the addi -

t ional access discussed above, is s t i l l a

complex operat ion, wi th some question of r e l i a -

b i l i t y . The u l t rah i f j t r opera t ing vacuums in the

conventional plasma chamber require welded torus

j o i n t s , and the high levels of ac t i va t ion

require remote c u t t i n g , welding, and leak detec-

t ion of these j o i n t s . In order to avoid these

internal torus-vessel operations, we are studying

a secondary vacuum enclosure around the machine

patterned a f t e r an ex is t ing f a c i l i t y a t the NASA

Lewis Research Cen te r / '

The vacuum bu i ld ing option provides b i leve l

vacuum containment shown in F ig. 6 and may el im-

inate the need f o r welded j o i n t s . ' Operation

of TNS/PEPR in th is vacuum environment w i l l

, greatly s impl i fy device disassembly i f mechani-

ca l ly joined segments can be used instead of

, welded j o i n t s . Conductance leaks across those

, j o in ts appsar to be tolerable and can be handled

by the cryopumping system of the torus. The use

of bolted j o i n t s f o r the segments i s not yet a

proven concept, as the structural loads on the

segments are s t i l l to be considered. However,

the main point i s that the j o i n t in ter face is

more easi ly handled on the outside of the torus

whore i t can be readi ly reached by remote means '

' than i f i t were hidden inside the vessel .

' Another aspect of the SVE study is to inves- :

t igate the p o s s i b i l i t y of e l iminat ing the vacuum

• dewars which enclose the TF co i l s and the bucking

cyl inder. The d i f f i c u l t y of disassembling these

components was mentioned previously and is a

serious obstacle to the maintenance of our current

conf igurat ion. I f a vacuum of 10~s in the bu i ld -

ing can be achieved as shown in F ig . 6 , then the '

SVE could be the vacuum dewar fo r the cryogenic

co i ls and s t ruc tu re . Not enough work has been

done, at th is t ime, to make any f i rm judgements,

except to say that el iminat ing the need fo r these

encasements s imp l i f i es the tokamak disassembly.
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Secondary Vdcuum Enclosure
Modeled a f te r tho NT-A
Pluinbrook Fac i l i t y

CONCLUSION

The next generation of tokamak designs is

focussing on reac tor - l i ke conf iyurat ions. Some

of the crucial problems being investigated are

engineering in nature and re late to tho v i a b i l i t y

of machine disassembly. The i n i t i a l work on the

Oak Ridge TNS/PEPF. was systems oriented and

deal t with establ ishing sel f -consistent physics

parameters to achieve i g n i t i o n . The baseline

design that evolved from these parameters was,

however, not se l f -consistent from a disassembly

point of view. Hence, our FY 1978 work is

focussing on c r i t e r i a modifications for both

physics and engineering to achieve a credible

mechanical design which has some hope of being

remotely maintained.

The preliminary conclusions of this study

1. An increase in allowable TF r i p p l e from

1 to ;>.. w i l l s i gn i f i can t l y ir.crease access to the

vacuum vessel/sh i e l d .

2. Increasing the TF co i ' bore may allow

suf f i c ien t clearance to raise ond lower internal

EF co i ls for vacuum vessel/shield segment removal.

3. Wi tli increased access, vacuum vessel

segments may be removed usiny s t ra igh t l i ne

motions.

4. A Secondary Vacuum Enclosure (SVE) may

el iminate tho need fo r welded j o i n t s i n the

vacuum vesse l .

5. The SVE may el iminate i nd i v i dua l vacuum

dowars fo r the TF c o i l s .
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