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Over the’past several years,_a revolution has"occurred regarding
beah intenSities'in higﬁ energy accelerafore. When the present genei—
ation of machines was de51gned beam 1nten51t1es in the 1011 ppp range;
appeared thoroughly a@equate, Since then, improvements have been ﬂadel
or proposed on many ef these machines to increase beam intensities by
- a factor of 50 orAmore. Machines of the next generatien are being de—H 
signed for intensities of the crder of lOlSIparticles pef eecond, at
200 BeV by IRL and at 300 BeV by CERN. Tnereased intensity, coupledv
with much higher enefgy, generates significant radiafion problems
with respect to eiose-in experimental setups; maehine maintenance and. -
serviecing, and general access for monitoripg and diagnostics. - |

The residual radiation'problem has received considerable atten—
tion in the IRL 200 BeV Study. Measurements of radlatlon on the |
'Brookhaven AGS the PS at CERN, and the Bevatron at LRL have prov1ded :
useful guidelines for predlctlng radlatlen,flgxes. I‘nnovatlonsvarei .
proposed, such as‘the_addition of boron to/the wallelof the enelbsurei"
o lover radiation Tevels, and the installation of s'hi.el.di_ng’l piuge'.in:f:
the open ‘sides ef the most radioactive C—magnets. Operapional proee—”;
dures Wthh allow early detectlon and correctlon of unusual beam spill

",should also reduce re51dual radlatlon s1gn1f1cantly,_,lt should be

. possible to service more than 90% of the circumference of the 200 BeV

'f accelerator by unshlelded personnel who would recelve radlatlon f'

‘do apes o; nalf the weekly tolerance (50 mrem) per 8—hour day° The
premainlnﬁ portion of thc machine, occurring downstream of target and

.beam ex+ractlon statlons, muot e oerviced from behlnd ueveral 1nche<
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of dense shielding, if more than a feW‘minufes of work is requirgd.
Personnel shielding may be pfovided in many ways. A reduction in
radiafion*exposure of almost an order of magnifude ﬁay 5e obtained by
the simple precaution of locating water services and interlocks,lalign-
mént adjﬁstments, and powér connect@ons awayvffom‘the magnet ends and
behind the magnet yokeé, Temporary shielding placed around a specifié'
'séurce; either by crane or by hand; will_lowér_the radiation flux |
locally,'perhaps e&en allowing unshielded personnel to exegute variéus
operatiqns,' Portable shields with afm holes through which technician
may use his hands, can increase the permissible working time'By a. l
Jdarge factor, since the extremities can séfely receive more exposure’3
than . that allqwable.for‘the whole body. In hotter environﬁents,
‘ _pe}sonnei'muét 5e totally enclosed by several inches. of dense maﬁefial.
:Sqiutions for this pafticﬁlar problem are the.subjéct of thélgﬁSuihg_-'
'diééﬁssion, N | | | |
One naturally associlates the use of remote manipulators with fhe
conCépt of‘total eﬁclosure for ﬁhe opéfatbr. This ﬁrospect is dismay-
ling, for it is well knéwn‘that even'the most simple examples'bf éuch
h '£oo1s reéuire timesvéﬁ—order of magnitude lonéer.to execute a given &
xoﬁefaﬁion than when the_samé operétion is done directly by_hahds;T s
'Significant;savings'in serviciné time wouldlresultvif hfeel" aﬁd the.
"_éiecution of familiar moﬁioﬁs could remain'with.thé bperator,
Cen = system be énvisioﬁéd wﬁiéh is intérmediafe ‘betﬂveen‘d:i.réc"(:‘:.7i

f:.use.of the ‘hands and exclusive use of remote manipulators? Certainly,
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compromise iﬁtermediate“sélutions-can be céﬁcei&ed for opé;ations which
moy he foreseen and impieﬁented at the design stage, or perhaps even
improvised duringva partidulaf incident. Intermediate solutions would
?robably not be adequate for totally unéxpected situations, for which
only a universal capability would suffiée. Hopefully, these situations
'will arise only a few times during the life éf the accelerator., Al=l.:
though unshielded personnel can work for a few minutes even on the

most radioactive components, it is éxpected that a pair of manually-

_o?erated master-slave manipulators can do much useful work. . Fortunate-
-ly, practically all of the'shielded servicing work can be expected to
fall in the "foreseen" category, where the intermediate solutions will

be adeguate and will yield significant time savings.

An "intermediate" servicing solution is obtained by the use of

‘Aextension tools passing through universallmotion fittings in the radi-

ation shielding of the service vehicle. These tools remain directly

in the technician's hands, allow manual engagemenﬁ of the tool with the
work, and retain "feel" for the operator throughout the work cycle.

Such a system is feasible provided that the accelerator'component is

designed for the servicing operation as well as for its accelerator
function. This requirement uéually reduces simply to orienting the
‘>  fasteners in a connectionvsuéh that they can be easily reached and

- manipulated by an c¢xtension tool.

To minimizeVradiation‘leakage, extension tools must be relatively

‘close fitting where they pass through the vehicle's shielding wall.

’ ] .it is_ﬁsually not possible'to pass'the wrench end through the holea‘j-"
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This problem has several sélutions;. If the shiélded ﬁbuse be made like
a turret, revolving arounq a vertical axis, tools may be pre-installed

on several faces, and the proper face brought to the work as required.

-Since the regions of high radiation should be very local, the.tools in

the various faces may be changed by a‘man outside the vehicle some 200

feet upstream. This feature, coupléd with the "turret latheﬁ tool con-
cept, offers ample flexibility to meet requirements for a wide variety
of situations.

Magnet enclosure width ié determiﬁed'by the clearanc% necessary
~ for opération of the shielded vehicles; and must be kept to a minimum.
This makes 1t awkward to approach the accelerator radially, for dis-
tances aré quite small and the tool position in the vehicle wall would
have to be unduly precise. The use of extension tools at approximately
'.hSo to the accelerator axis;allowé greater ffeedom in engeging the
tool with the work. Overall vision is also better with this errange-
ment. .

In Fig. 1, an‘opérator in such a shielded vehicle is showﬁ at work
on a magnet pbwer connection. In Fig.2, an operator is shown adjust-
ing the position of one of the gradient magnets. The master-slave
manipulatofs are used to aid and supplement the éxtended tool opera-
tion; in the first case they are used to positlon or separate the bus
bars after the fasteners are released, and in the second case they re-
move and hold the shim stack to be exchanged for the preset replace-
ment;'.Alterna£3vely, the vehicle could be moved ﬁpétream to a région

where an unshiéided technician outside the vehicle could maske the

IS
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proper'shim thickneSS'adjustment;

A more troublesome problem arises in the necessary joinery for
fhe vacuum chamber'ahd‘water connectioné, where conventional bélted
flanges would pose complei manipulation problemsf- Instead, it is
proposed to use conicél spring flanges which are retained by é split
keeper ring. For the vacuumAtube connections, a force of some 15 tons
vis nequired to close the<m€m1;gésketed flanges beforé the retainers
are installed, which requires the use of an hydraulically-operated

clamp such as shown in Fig. 3; This clamp will be heavy and must be

‘carried by the overhead.crane. Final positioning is achieved by

gulide rods extending into the shielded vehicle, with the operator re-
taining "feel" over the final guidance. Hand-operated hydraulic

pumps for actuating the clamping tools will also be within the

shielded vehicle,;again leaving "feel" for the operatidn in the tech-

nician's hands. Figure 4 shows an arrangemént for working on a_vaé-
uum connection or a water manifold connection, using the system just
described.

" In some instances it may be necessary fof the operator.to use hié
hands directly on the piece of work. In order to accomplish this in‘
regions of high residuval radiation, a sﬁecific‘séction of tﬁe shielded
vehicle turref.can be exchanged for a man-body shield which will allow

the operator to extend his arms through holes in the shield and beyond

.the walls of the vehicle. It is_not rossible to supply the same degree .

of radiation prdtection with the body shield as the fully-shielded

 vehicle supplies, so the exposure time must necessarily be shorter.
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The body shield WOuld, however, allow a much longer time for completion

- of & task than the minutes permitted unshielded personnel in the

regions of highest residual radiation. Equipment arrangement for this

_scheme is shown in Fig. 5.

In the 200 BeV Design study it is-proposed that these shielded
manipulator vehicles operate on both sides of thé synchrotron magnet
ring. They'will thus be able to aid and supplement each other in case
of unforeseen emergencies. Eﬁen-though less than 10% of the accelera-
tor 1s expected to become sufficiently radiocactive to reqqire the use
of these vehicles, théy can reach and service practically all of the
accelerator components., Although servicing these hew machines will
not be comparable to working inside an atomic reactor, techniques much
more sophisticated thaﬁ those utilized today will be required, and
these techniques must be developed in close conjunction with the

design of the accelerator and its enclosure.
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Figure 1

Pigure 2
Figure 3

Figure b

Figure 5

Figure Captions

Magnet Poﬁer Disconnection from Shielded Mapipulator
Vehicle \

Magnet Adjustment. from Shielded Manipulator Vehicle
Quick Disconnect'flange Assembly Tool |

Operation of Vacuum and Water Quick Disconnections from

* Shielded Manipulator'Vehicle

Manual Manipulation Attachment for Shielded Manipulator
: j

Vehicle



Magnet Power Disconneaction
from Shieided Manipulator Vehicie

Figure 1

MUB-7729
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Magnet Adjustment

from Shielded Manipulator Vehicle

Figure 2

" ‘,;' o - - MUB-7730



- Right flange axial-loading tongs
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/— Flange tong pivot

Tong synchronizing gears

Split keeper ring

"\ Splif heeper ring

‘ instaltation toot

Split keeper ring

. Left ftange axial-loading tong ——~_

Quick Disconnect

Flange

Assembly Tool
~ Figure 3
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Operation of Vacuum and Water
Quick Disconnections
from Shreided Mampulator Vehicle

Figure 4

MUB-7732
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Shielded cab
removable insert
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Méﬁual Manipula'tion Attachment
For Shielded- Manipulator Vehicle

Figure 5
MUB-7733



This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report. ‘

As used in the above, "person acting on behalf of the
Commission™ includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

.of such contractor prepares, disseminates, or provides ‘access

to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








