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tenenting aeam Uron oone source. Beam enceny Qo
anbsorbed hedt in Lhe copper. The veo

angle was ehoaan Lo limit Lhe maximam podoer Flux
norm:!l to piate surface Lo 2 kW , me?,
Coolinm tube to b back side af’ the vees
remoye heat snota. The outer Lides of the
outer vees are Jaarded by a thin aluminum thermal
shield to provile some depree of izolation Crom the
80 R surfaces of the ceynpumps.

Mechanieal Design.  Beam sarapers
inzorporati:l into 2alorimeter ¢ They are
positioned so that tae downstream seraper {s nearty
flash with the ves onl wzll and the upstream
scraper Tivs flush against the differential pumping
baffle separating tias middie and downstream
caambers.  1n this configuration they are further
apart than the diamster of the calorimeter hateh,
Removal and installalion of the scraper in the vacaun
vess2t o is faecilitabted by the curved 2amming suri 3
s2en in F.1. 1. With the calorimeter assembly out »f
the machine, the scrapers hang below the vees. 3
the assembly is lowered into placze, rollars on the
bottom of the scrapers engage the camming surfaces,
and the scrapers are swung out inlo position with the
aid of a four-bar linkage.

Once the assembly is in place, movement of the
calorimeler vees up and down is independent of the
scrapers, which remain in position until the entire
assembly is again removed. The vees are raised to
permit shots into the TFTR torus by means of a lead
screw assembly, and cooling and instrumentation lines
are made re-entrant into the bellows seen in Fig. 1.

Were

Photodiode Array

Provision was made in the deslgn to accomodate an
array of photodiodes used for beam diagnosties. The
dlades, housed in the box se=n just to the rear of
the calurimeter, detect light emitted by each of the
three beams on an array around their perimeters.

Ion Dump

The ion dump, located above the bending magnet,
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Magnet and Magnetic Shielding

The basic magnel desi%n is unchanged from that
previously reported upon. The three gaps tan be
excited independently so that the three sources can
be opcrated at different acceleration voliages and
still nave the ions print on the proper areas ol tne
ion dump.

The magnet is made removeabls by means of two
pivoted hooked bars, one of whichh is visible in Fig.
1. A special handling fixture engages the hooks. As
the fixture i3 raised, the rear hooks, which are
engaged around pins i: the magnet stand to provide
fore~and-aft stability against seismic disturbance,
disengage. Further upward motion rotates the magnet
from its 439 inclination to vertiecal, in which
position it can be raised throupgh the 72-inch port.
Upon re-insertion, the magnet is guided into pesition
by bosses at the lower rear cornars which slide down
guide surfaces on the stand.

The region between the neutralizers and the
magnet, and portlons of the magnet itself, are



shielded from the TFTR paloidal field by a shielding
structure constructed of Allegneny-Ludlum 4759
clectrical steel, chasen for its combinatior «f high
initial permaability with high saturation fi:ld. The
portions af the shield structure which lie atop the
magnat are separately removeable for magnebt access
The shielding alongside ot and between the beams is

slatted to minimize impedance to gas flow.

Perturhation of the paloidal field by all af the

ferromagnetic material in as many as six NBL's is

caleculated to be less than the design limit of 5

£auas at a torus major radius oft 350 em. @

Differcntial Pumping Baffles

The paffles, of sheet stainless steel

struction are, for the most part, maunted Le the
: Bly which 1lso includes the vacum vessel (14
wnd Whl ocryopanels. When this ansembly is lowesved
tntn place, the batCles meet the floor of the ve
With curved olges, torming morc-ur-less of a seal.
Partitl baffles are atiached ta the magnet stand and
the magnet, with overlaps arransed 3o thal when
averything is assrmbled the vess2l is divided into
thren chambers in series, with conductance hetween
the first and second anly through Lhe magnet saps and
condatanece belween Lhe second and the third only
throurh the boam seraper at the rear of the
calarimetor. BuCligey ab Lthe tap and bollom »f tiw
Vst 1soarranged 5oothat the volame between the
cryopanels and the walls ia common anly to the
first =hamber,

Source, Neulralizer ond Terminal Assembly

bly mounts Lo the 90-inch port at the
23, and consisls of: three

Lhe 30-inch flange; three each

(Lion spowls, isnlation yalves, aptizal

Lie spaols, 2lump seals, sources, aourns?
Touroe o
mounl i; A moveable A
Support .

23, terminalas, sourcs housiag
aembly support; and a Tixel

Neuatralizers, The ne2utralizers consist of
restangular, Water-ceoled copper ducts surrounded by
magnel.ic shiclding. They arc sized Lo give 758 of
irfinite lin2 densily boam neatralization at
one-third of the nomiaal souree pas Clow.

" aition Spoola. The Lransition spools, of
mild steel zonstruction For magnetic shielding, are
made with the flanges on the two outer apools angled
50 ad to provide initial beam iming.

Diagnostic Spools. The diagnostic spools,
between the valves and the clamp seals are fitted
with front-surface mirrors angled sa as to accept
light radiated from the beams along a path lying in
the vertieal center plane but inelined so that the
frequency {5 doppler shifted down, then combine that
light with light radiated along a horizontal path
through the beam's center, inclined 3o that the
frequency is doppler shiftad up. The combined beam
is gent up through a window to a spectrometer. The
angles are chosen 80 that six peaks are abserved,
three far each energy (120, 60 and 40 keV) as
observed looking vertically througn the beam and
three observed looking horizontally. Relative
intensities provide an indication of species mix;
broadening of the peaks indicates the 3ource angular
divergence.

Source Housings. Each source housing consists of
a pressure vessel of mild steel, designed for one
atm. gage of SFp preasure, with a high permeability
liner. The pressure vessel is spllt on a diagonal
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joint for good souree access. The liner is designed
with all joints vertical, i.e. morc-ar-less aligned
with the poloidal field, to minimize in-leakage of
Tield,

Terminals. The terminals are provided to make
connections bcth at the rear of the souree and to
cabling from the source power supplies at the bottom
rear of the source housings witnh a caoling harness
{indicated by dashed autline in Fig. 1) whicn flexes
to atlow source aiming. The terminals are designed
50 thal = push-on, pull-off mction will make and
bre k over 80 :eparate (ilament, are, and suppressor
conngeticns as well as diagnostic lead conncetiong.

source Hounts. The sodree mouants ars tWe-1xXis
gimbals with motor drive tc give vertieal .nd
rnorizontal aiming.

dupport Strycturc, A [ixed suppori, welded to
tLhe vessel reies all the weieht of the assembly.

A mavetple sappart, Lo whinth all ather companents are
linear roliar boaring. on its bottom,
ride on round ways on the fixed support.  This
its the final mating of the 90-inch flange o the
to be mebe with a straight in push,

Aimilarly, Cor saembiy, the moveabte support i
first rolled back a few inches to part the sealing
Suri1es itk oo sortbbing.  Then the entire assembly
is litted by rane to clear the linear bearings,
whareupon the neutralizers can be backed out fov
f'inal ~learance. A similar arrangement in provided
for eaen of the Lhroe source housing assomblinss,
whizh demount by means of the elamp seals.

Cryopgenic Jystem

Tne Pinal design of the eryosystem was
substantiailly as previously deseribed.”  Some
Jifrerences of detail did accur, as resalis of either
fabrisation mxperionan or tests that were performed
on syntem components prior to the enmpletinn of
system assembly.  These ditfercnces and tests will be
described.  The compieted cryosystem was first tested
in Jun=2 1979 and the reszults iare given elsewhere in
Lhese proceedings,

Cryopanels. The original design called for the
modular cryopump chevron assemplies to be
oven-brazed, and indeed one such unit {out of the ten
ardared) Was successfully made. Ultrasenice
e¢xamination of a test sample revealed more than
adequate bond area and the one completed unit,
although not ultrasonically examined, appeared
generally to have good braze quality. However, a
1eas expensive fabrication procedure was developed
for the remaining units. The chevrons were
individually TIG-brazed to the LN cooling tubes
using Everdur 1010, a copper-silicon alloy. A total
of roughly 1,700 such brazes were required per
module. The work was don¢ at the LBL shops; the
ataff made a herole effort in completing these
assemblies, The final assemblies for the operational
TFTR beamlines are now being fabricated at LBL using
the same method.

The oven-brazed assembly was put to use as a test
pump for improving and simplifying liquid nitrogen
elrculition within the assembly. Initial prablems
with LNy circulation were primarily due ta much
larger heat loads on the LNa circuit than
anticipated. The tests were performed in the
Baseball IT va<uum vessel, which had previously been
used for oil-impregnating high voltage assemblies.
After the problem was clearly identified (equivalent
wall emissivity 0.7), insulation was installed to
bring the heat load into the dezign range (about a
factor of 3 lower). At this level LNp circulation



Was o by Yorifi For a valve
in the feeld s potential reliapility problems
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performed Lo optimiwe tne orifiqe e
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Jewnr was supported oy the v orta propriclury
desizn rather Lhan tensinn IS oot the orig
design.  The valve assembly ified to
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Up-to-Air Accident. Simulalion., A similation of
the worst-nase up~to-nir accident defined by PPPL was
performed 1n hovembor of L9¢d. & -senematic of Lhe
test system in tnis contimuration in given in Fia,
2. One eryopump module was inatallet in Lhe 75 w5
Bagehall 11 vasam v 1, and Gtoady slate
cirealation of bolh LNy and Llie was eytablished.

Fast responce pressure Leansdulers were Leed to Lhe
LHe feed line; =2 rupture disc sot at 79 psid was
installed on the exhaust s£ide, venting to air. The
axhanat circulation side was through a quite
restrictive line( a0 cm ot 0.4 em ID tubed, (The
fact that gool :ireulation of Lie was obtained
nevertheless, s shown by temperature stability at
4.3 K at the top nf the panel, pave good confi-dence
that no LHe ~2irealation pronlems would he encoiuntered
in the complate syalem.) A& 7.2 em restrictor plate,
ou dn of which an aluminum foil seal was Al ied,
wias wsed as o Funt-opening air valve, We had nn
maans to meas ire or infer the Lhg cireulation quality
prior to starting tne test,

ALl exhaust valves shown were closed, the dewar
ventad and the solennid valve elosed. 15 W not
possible to close the foot valve shown, The strip
chart record:r was started, and the test performed,

& facsimile of Lhe response produced when the
aluminun il vacuum sea! was ruptured is given in
Figm. 3, Ulngether witn the caleculated responge.,

Several points snould be noted:

L. e paak rite of pre.sure increase, at 80 ms

inlo the accident, corresponds, to within
10%, to a 7 W/em? heat load.

2. The opening of the burst disc is delayed
rrom 18 ms caleculated, to 110 ms
observed. This Is probably due to the
effective pumping nf the large chamber
volume, as well as thermal diffusivity
eff2cts, neither of which were included in
the calculation.

3. The periodicity of the pressure fluctuations
corresponds closely to the transit time of a
sound wave, at the speed of sound for those
conditions, from the sonic {low region to
the transducer.

' Since the calculation was performed for 0%
gas fraction at 3.8 K, as opposed to an
unknown gas fractian at U4.3 K, the
agreement may be somnwhat Cortuitous.

Conclusion

The objective of this design has been to achieve,
with a minimum of compromises, the requirements for

P
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performance and remote handleability originally set
forth by PPPL. The extent to which the objective has
been met will, of course, be measured hy the testing
now underway at LBL.
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SYSTEM FOR UP-TO-AIR TEST
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RESULT OF UP-TO-AIR TEST
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