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ABSTRACT

At the raquest of Pulsed Pewer Research Division 5245, a sirnle-unit electron
beam accelerator has been degigne\ , l‘ahrkated. and assembled in Sandia‘s

Technical Area V tn condoet g tr ission experiments.

Resulta of these experiments will be umxua in the future desngn of larger. more

c-.mp!ex acceleratara. Thxe design makes i usge of and
t. When desi fnew i future applications were
ed as well a5 jes ihity wilh isting tacilities and hardwara,
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MECHANICAL ENGINEERING AND DESIGN CRITERIA FOR THE
MAGNETIiCALLY INSULATED TRANSMISSION EXPERIMENT ACCELERATOR

[. INTRODUCTION -

The Magnetically [nsulated Tr ion Experiment (MITE) Accelerator was conceived in
December 1876 a5 a l211-5cale, single line of the Electron Beam Fusion Ancclerator {EBFA) on
which to conduct power flow research, Pulsed Power Research Diviaion 5245 requested that
Electran Beam Fusign Divigion 5243 assume project r ibility for the 1 engi ing

and design of this system, Division 5243 then requested Project Design Definition Division I[

9652 to provide the drafting and design support required to design and fabricate this accelerator.
Clcse cantact with the physicists, scientists, and technicisns in Division 5245 was maintained to
insure that the mechanical design was compatible with physical and electrical requirements of the
experiments, Since data from experiments using this accelerator would influence the design of
EBFA, and since the design of EBFA was eminent, it was necesgary to consider the time element
in all phages of design. Building 6535 in Tech Area V was chosen fo house the accejerator, and
an existing experiment, MADNESS, located in the same building, was modi‘ied to accommeodate
the new accelerator, New equipment and components were dasigned not only to be compatible
with the Lullding and with the MADNESS experiment hardware, but also to be applicable to future
designs. Plant Engineering Building and Facilities Design Division Il 9743 was requested to make

nccessary meodifications to Bldg. 6595 for installation and operation of this accelerator.

{l. PURPOSE

The purpose of this report is to describe the mechanical design procedures ard bzsic phi-~
losophy utilized in the design of thia accelerator and to document the unique design features thzat

were incorporated into the various components,



{iI. DESIGN DESCRIPTIONS AND PROCEDURES

Initial discussions with Division 5245 resulted in the selection of Bldg. 6585 in Tech Area V
in whieh to locote the MITE Accelerator. It was also decided that portions of the existing MADNESS
experiment, loeated in the same building could be used by making major maodifications to the equip-
ment. The MADNESS experiment, shown in Figure 1, was designed and purchased in 1873; it was
used for various high voltage pulsed power experiments. The Marx generator, aluminum water
tank, oil tank assembly, and overhend crane were modified for the MITE Accelerator, The
original MADNESS oil tank asaembly (T27453) consisted of four 7-ft aections, remuvable doors
on each end of the tank agsembly, and a walkway on the north. east, and south sides. The remov-
able door on the west end of the tank astembly was madified with a cutout to permit installation of
the aluminum water tank as shown in Figure 2. The two west sections of tank were removed,
braced, and placed in storage. The remaining two sections, with Marx generator in place, were
relocated B feet enst of their original position to provide room at ithe wert end for the MITE
experiment. After the tank sections were relocated, the transformer oil supply manifold was
modified and rerouted and the modified west door was reinstalled on the west end of the tank sec-
tions. The sluminum water tank, with o medified support frame, wae installed in the cutout pro-
vided in the door, The walkways were then reconfigured to provide access to the aluminum water
tank as well as to the remaining two MADNESS tank sections. New support structures and 9-t
extensions for the overhead crane were designed, fabricated and installed to provide crane cover-

age over the ¢ntire new experlment work area.

T. N. Simmons, Health Physic Division 3312, working with Division 5245 operating person-
nel provided the radiation shielding requirements for the MITE Accelerator. A shielding layout
drawing (T47231) was prepared and approved hy Divisions 3312 and 5245, A request was then

bmitted to Plant Eng ing to install the rediation shielding. Plant Engineering requested
that Division 5243 furnish the necessary concrete shield blocks. Drawings wcre prepared
('I'47940 and T47941) and concrete blocks purchased. Flant Engineering was also requested to pro
vide addiiional water, air, and electricity needed for the MITE Accelerator. These modifications

12 Bldg. 6395 were made simultaneously with the shielding installation,

The MADNESS aluminum water tank was installed in the modified tank door at a specified

height to insure that pa overflow of oll from the MADNESS tank 1y would not

the deioniz:d water in the aluminum tank. This height resulted in the centerline of the alumiaum
tank and, thereby, the centerline of the MITE aceelerator being located approximately seven feet
above the builuing floor (Figure 3). A work platform {T47938) was then designed 1o provide a
work surfoce 41 inches above the existing concrete floor with guificent nrea to permit convenient
installation and maintenance of MITE hardware and with ad2quate space to conduct necesgsary

associnted experiments.
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This platforns was designed in modular sections to simpiily installation snd to permit its

use in other applicati upon the of the MITE experiments. The steps and =n adjacent

section of plntform were designed for quick removal when the overhead crane 18 required to lift
equipment on and off the work platform. Direct access from the work platform to the tank walk-
ways wag also provided, The deckuing for the work platform wes specified to be open/non-gkid

tvpe to insure safe footing in the event of ol spills.

A section of the MITE Actelerator must be evacuated of air during operation (Figure 3,
Itern 20)., The specified vacuum was to be approximately 1z 10"4 torr and was to be attained in
less than 15 minutes. To make the best use of available equipment, two 6-in diffusion pumps with
mechznical backing pumps were selected {(Figure 3, Izemé 61 and 36), Purchased were the vacuum
system roughing pumps, a 321 CFM Roota blower and a 65 CFM mechanical pump. After all the
vacuum equipment had been specified, & system layout was propaced to define the location ¢: the

s and any additi 1 repuired

The pumps were positioned to provide the

most efficient taking into ation the ici d gas londs while providing the best

mechanical stability.

Suppart stands with adjustment features {Figure 3, ltem 16) were designed to hold the vacuum
chamber, Thesc stands permit longitudinal movement of the chamber parallel to its centerline
during operation of the accelerator while maintaining correct location in all other directions. The
final deta{} drawings were prepared and s}l remainiig equipment and hardware purchased. Final

assembly was done by Division 5243,

The electro-mechanical requirements for the vacuum insulator {Figure 3, item 2j were then
specified. A design layout was prepareu and approved by Division 5245. Due to the calculated
weight of the insulator (~495 1b), lifting fentures were required for handling, A bracket ensbles
the assembly to be lifted and moved with an overhead crane; the insulator rernains in 2 vertical
position during movement. The hook height of the overhead crane in Bldg. £595 is not sufficient
to lift the insulator in and out of the aluminum water tank as required for preferred assembly and
disarsembly. Therefore an additional Feist eystem (Figure 3, Htem 17} was designed and ingtalled.
‘With this hoist and the lifting fixture (T45358) the insulator can be iifted by the two trunnions
{T48968) mttached to the assembly. The lifting fixture permits 360° rotation thus providing a

means for rotating the insulator as required fc - insertion into 1he aluminum water tank and instal-

lation into the bulkhend, Maunting fectures were also provided on the insulator ta install v
specified diagnostic hardware. The final agsembly (T46877) and deteil drawings wers prepared

and the insulator fabricated. Installation and checkout was done by Division 524F.

T
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The power [low line gectlon of thig sccelerator conaials of the vacuum chamber, the vacuum

casx, and the ground plene plates (Figure 3, Item 20). A cruss-sect{an in the shepe of race track

was requested for the vacuum coex and thz material was Alter 8
survey. s fabricator waa found who would extrude this shape tc our apecificationa. The high cast
d b we anti future

of {sbricating an extrusion die waa i
A detall grawing of the racetrack-shaped extrusion (T'$5629) was prepared and the

The vacupm cosx is supported by the vacuum insulstor and extends spproximately

for this item.

units purchased,
6.5 fact from the inaulator as a centileve.ed heem, To provide additional support to the vacuum

system (Figure 3, Item 15) was designed and fabricated.

coax, B p tically operated
Divigion 5245 specified thet, except at the vecuum jinsulstor, the vacuur cosx must be comdletely

free of mechanical support during operation of the accelerator. To be clear of the vacuum coax B

at the timne the accelerator fires, while at the same time permitting the coax to fall no more than

3 specified 0. 04 inch. the ectustor must travel 2,0 inches in14.5 ms. Prior to ingtallation on

the power (low lines the actuator was teated using varicus drive pressures and valve seftings

{Figure 4). An optional scheme of allowing the vacuum coax to agsume its deflected cantilevered
pesition and of adjusting the vacuum chember for proper symmetry from the coax was earrtied

out, This was accomplished by providing sufficient movement in the vacuwm chamber support

scands (Figure 3, Item 1£) and incorporating a bellows section { Figure 3, Item 10), This per~
h and the watnr tenk, Prior to evacuation,

mitted motion the vacuum
the vacoum chember can be aligned relative to the coax., After this adjustment. the bellows
can be by four th ded rods {Figure 3, Item 12} to maintein & rigid union between

the vacuum chamber and tlie aluminum water tank when the chember ie evacuated. A special

clamping joint wes designed to secure the vacuwm coax lo the yecuum Ingulstor. This joint hed s
to maintain the strajghtnesg of the vacuum coax and had to have sufficient sérength to support the

ed during degign,

cantilevered beam. Ease of ly and was also
Var{ous design layouts were prepared and a modified Marmon clamp (T49606) was selected.
Clamping is accomplished with two U~ghape tapered clamps (T48818) thet are secured to the
vacuum coax and vacuum insulaior with screws. The clamp ig of stainless gteel tc provide the
required atrength as well ag to be compatible with the vacuum envirommnent. The a'uminum
ground plane plates (T49608 thru T4B611} are mounted paralle} to the sides of the vacuum coax,
{Figure 5). Spacing between the plates and the vacuum coax was specified to be adjustable for .5,
1.0, and 2.0 cm. An adjustment assembly (T49612) was designed to pravide this movement. This - "
adsembly also permits tilt adjustment so as to maintain paralleliam between the plates and the

vacuum coax. All adjustments are made through three ports in the vacuum chamber, prior to L

evacuating the system. The adjusitment port covers have a Jucite window to provide visual inspec-

tion of the vacuum coax and ground plane plates under vacuum conditions. These windows are also R

used for optical diagnostics during operation of the accelerator. 1ln addition to the plate

ports, the vacuum chamber also hag various other ports to install vacuum monitoring instrumen-

A cable port was provided on the vacuum chamber, with electrical feed-through connectors,
could be to in the

tation,
&0 that electronic diagnestics inside the vacubm

control room.




The extreme western end of the power-Now lines contains the anode/cathode experiment
section {Figure 3, ems 3, 4, and 8). This section consists of a viewing chamber {(T47888} and
three Interchangeable experiment configurations (T47308, T47399, T478B3). The vlewirng  Samber

has mounting features for the ground plone plates end adj mech This hanl
supports and provider adjustment capzuilitien for the terminal end of the ground pla.e piates. The
chamber also has a Lucite port for aptical diagnostics near the terminal 2nd of the accelerator.
The chamber end plate (T47353) contains a copper plate (T47354) which serves as the accelerator
anode. Electrical continuity between the ground plane plates and the end plate is malntained with

adjustable copper spri:y contacts (T47801}).

Design layouts were prepared and, after approval by Divigion 5245, the experiinent configura-
tions were drawn, fabricnted and assembled. Spacing between the anode plate and the end of the
experiments is pdjustable from 0.2 inch to 1.0 Inch in 0, 1-inch inererients (Figure 6). This
adjustment is accomplished by removing or addiag 0. 1-inch thick spacing rings (T47804) ar

required to obtain the desirrd spacing.

Another unigue feature of this section of the accelerator is the ground feed plates. These
plates are located above and below the experiment coax (Figure 6) in contact with the ground ;lane
plates, Spacing between the ground feed plates and the experiment coax {Transition sections) is
adjustable for 0,5, 1,0 and 2,08 cm to be compatible with the ground planc adjustments, Final

assembly and installation was done by Division 5245,

Diagnostic requirements for the accelerator were specified by Division 5245, Various
design layouts were prepared to define the location snd size of hard: are needed. Electronic com-
ponents were supplied by Division 5245 aad drawings of housings, b:ackets, etc., were prepared.
and parts §rbaicatéd. Eipht signal cables exit the vac:»:m chamber through the cable port bulk-
hez 3. Six signal cobles, located inside the vacuum coax (Figure 5} exit the feed-through connectors
on the vacuum insulater. All signs) cables, including seven already outside the vacuum chamber

and insulator, are routed te the control room to appropriate instrumentation (Figuee 3%,

s
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[V, CALCULATIONS

Preli ry i ing lati were made for various components of the MITE accel-

erator. These calculations wero based on i i loade, shapes, protal
worst conditions, etc., and werz ured only to determine the fearibility of building the proposed

accelerator,

As the design became finalized, caleulations were made on critical components to determine
actual stress, deflectior, etc, Critical components were those itms that would be subject to high
stress during routine operation of the accelerator, Because of the complexity oi some calculations,
requests were made with Applied Mechanics Divislon 1l 1284 to provide additional and coucurring
analysis on cectain items, One caleulation by Division 1284 was to determine the best 1 ross-
section design for the racetraci-shaped vacuum coax., Four proposed cross sections were {nves-
tignted to determine which one would have the least deflection at the tip if it were a cantilevc.oed
beam. Results of these calculations were used in selecting the cross Gection and are documented

in a memo from C, R, Adams, 1284, to Division 5243, cated March 7, 1977,

Another analysis by Division 1284 determined the strength of the joint which secures the
vacuum coax to the vacuum insulator, Results indicated that the stress at the joint and at the
securing clamps was low and that the design was satisfactory, The above analysis is documented

in a memo from C. R, Adama. 1284, to Division 5243, dated June 14, 1877,

Additional calculations were made using formulas and techniques from J. Roark and W, Young,
Formulas for Stress and Strain, 5th Edition and from the Machinery's Handbook, 20th Edition.
The structural integrity of the vacuum chamber was analyzed ag if it were & pressure vessel, The

hi was as a ¢l d-ends cylinder under uniform external pressure. A computer

program was written for the NOS systern to calculate the external pressure at which elastic buckling
would occur, Reaults indicate that a minimum external pressure of 193 lblin2 would be renguired
to buckle the vaenum chamber. The maximum stress on the vacuum chamber, under vacvum load,
wiis calculated to be 280 ]blinz. The external collopsing pressure calculated for the vacurm
chamber, when a yield strength of the chamber materinls is assumed to be 18, 000 lb/inz, was

275 lb/inzA The minimum factor of safety for the vacuum ehamber was calculated to be 12,9,
Hewever, since the chamber was assumed to be a eylinder when, in fact, it has varinus ports
through the walls, advice was obtnined from Divigion 1284 on the affect these ports would have on
our calculations. It was felt that the ports would not adversely influence the analysis and, since
our design was conservative, the vacuum chamber was considered satisfactory. Advice was also
obtained from C. H, Maack, Metal Application Systems Division 5832, on the selection of the
alumiaum clloy vused for this chamber, The chose of alloy, temper and welding procedures was in

accordance with the recommendations of Division 5832,



Stress and deflection due to the vacuum was calculated for the 6-in dismeter Lucite viewing
port, the viewing chamber end pinte, and the copper anode plate. Results indicated a miaimum
safety factor of 4 due to stress and a maximum deflection of . 028 inch.

‘The four bellows-r ining rods were lyzed as col to determline their load carrying
capabilities under vacuum conditions, The total load on each rod due to the vacuum was 625 1bs.

A salety factor of 46, 5 was calculnted for each rod when used as b column a8 it is in our design.

The maximum stress in the vacuum coox under dynamic ‘conditions was determined to be
2675 'H::/in2 and the maximum deflection at the tip was ., 616 inch, when analyzed as a cantilevered
beam. The maximum streas on the alumisum adapter plate which was used to gecure the varvam
ta the a i water tank was calculated to be 648 lb/inz‘ Shegr stress on

the bolte which secured the above plate to the aluminum water tank and fastened the vacuum

insulator to the plate was 2648 1/in® maximum.

Stress on the Lucite ring stack was calculated by modeling the Lucite ftack os if it were a
cantilevered Lucite tube. Combining the compressive stress due to tl:e clamping force of the bolts,
the stress due to the bending moment taused by the cantilevered vacuum coax, and the bending

N N .2
stresses due to the weight of the various components resulted in a meximum stress of 1502 1b/in".

Stress on the nylon bolts vsed to clamp the vacvum insulator assembly was 5338 !blinz.
This stress was calculated by assuriing that only one bolt would carry the bending stress exerted
by the vacuum coax. Conservatively, however, one could expect half the 18 bolts to share the

load.

A minimnm safety facter of 4 was used to calculate modifications to support members and
to hardware used to mount the 1000-1b capacity vacuum insulator hoist to the existing overhead

crane structure, A minimum safe.y factor of 4 was al8p used to calculste the design criteria for

the lifting brachet, lil*ing trunnion, and lifting fixture used to handle the vacuum insulator assernbly.

After fabrication, proof tests were conducted on these lifting fixtures to verify their design st-ength

handling the vacuum i asgemSly, Congervative methods and estimates

prior tq Ay

were used for all preceding structural analysis,
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V, CONCLUSIONS

The design. fabrication, and asgembly of this accelerator has been accomplished on a
limited time schedule through the utilization of, nnd cooperation among, various Sandia orgeniza-

tions, The hine has bren led by Division 5245, The mechenical design fea -

tures were checked out and, with minor adjustments, judged to be satisfactory. The Operation:

and resulis of experimentation uging thia accelerator will be docvumentzd by Division 5245,
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