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ABSTRACT 

At the request of Pulsed Pewer Research Division 5245, a sif^le-unit electron 
beam accelera tor has been designed, fabricated, and assembled in Sandia 's 
Technical Area V n conduct magnetically insulated t ransmiss ion experiment*!. 
Results of these experiments will be utilized in the future design of l a rge r , more 
complex acce le ra to rs . This design makes optimum use of existing facilities and 
equipment. When designing ntfw components, possible future applications were 
considered as well as compatibility with existing lacftit ies and hardware . 



Page 
INTRODUCTION 
PURPOSE 

DESIGN DESCRIPTIONS AND PROCEDURES 
CALCULATIONS 
CONCLUSIONS 
ACKNOWLEDGMENTS 



MECHANICAL ENGINEERING AND DESIGN CRITERIA FOR THE 
MAGNETICALLY INSULATED TRANSMISSION EXPERIMENT ACCELERATOR 

[. INTRODUCTION • 

The Magnetically InBulated Transmiss ion Experiment (MITE) Accelerator was conceived in 
December 1976 ae a r-jll-BcaJe, single line of the Electron Beam Fusion Accelerator 1EBFA) on 
winch to conduct power flow research . Pulsed Power Research Division 5245 requested that 
Electron Beam Fusion Division 5243 assume project responsibility for the mechanical engineering 
and design of this system. Division 5243 then requested Project Design Definition Division II 
9652 to provide the drafting and design support required to design and fabricate this acce le ra tor . 
Close contact with the physic is ts , sc ient i s t s , and technicians in Division 5245 was maintained to 
insure that the mechanical design was compatible with physical and e lec t r ica l requi rements of tha 
experiments . Since data from experiments using this accelera tor would influence the design of 
EBFA, and since the design of EBFA was eminent, it was necessary to consider the time element 
in all phases of design. Building 6595 in Tech Area V was chosen to house the acce le ra to r , and 
an existing experiment, MADNESS, located in the same building, was modified to accommodate 
the new accelera tor . New equipment and components were designed not only to be compatible 
with the building and with the MADNESS experiment hardware , but also to be applicable to future 
designs. Plant Engineering Building and Facil i t ies Design Division II 9743 was requested to make 
necessary modifications to Bldg. 6595 for installation and operation of this accelera tor . 

H, PURPOSE 

The purpose of '-Ms report is to describe the mechanical design procedures and b^sic phi­
losophy utilized in the design of this acce le ra tor and to document the unique design features thet 
were incorporated into the various components, 



III. DESIGN DESCRIPTIONS AND PROCEDURES 

Initial discussions with Division "i245 resulted in the selection of Bldg. 6595 in Tech Area V 
in which to locate the MITE Accelera tor . It was a l so decided that portions of the existing MADNESS 
experiment, located in the same building could be used by making major modifications to the equip­
ment. The MADNESS experiment, shown In Figure 1, was designed and purchased in 1973; it was 
used for various high voltage pulsed power experiments . The Marx generator , aluminum water 
tank, oil tank assembly, and overhead crane were modified for the MITE Accelerator . The 
original MADNESS oil tank assembly (T27453) consisted of four 7-ft aec i ions , removable doors 
on each end of the tank assembly, and a walkway on the north, east , and south s ides . The remov­
able door on the west end of the tank assembly was modified with a cutout to permit installation of 
the aluminum waier tank as shown in Figure 2. The two west sections of tank w t r e removed, 
braced, and placed in s torage. The remaining two sections, with Mp.rx generator in place, were 
relocr.ted 9 feet east of their original position to provide room at ihe west end for the MITE 
experiment. After the tank sections were relocated, the t ransformer oil supply manifold was 
modified and rerouted and the modified west door was reinstalled on the west end of the tank sec­
tions. The aluminum water tank, with a modified support frame, was 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 s t ruc tures and 9-ft 
extensions for the overhead crane were designed, fabricated and installed to provide crane cover­
age over the entire new experiment work area . 

T. N. Simmons, Healtn Physic Division 3312, working with Division 5245 operating person­
nel provided the radiation shielding requirements for the MITE Accelerator . A shielding layout 
drawing (T4723U wan prepared and approved by Divisions 3312 and 5245. A request was then 
submitted to Plant Engineering to install the radiation shielding. Plant Engineering requested 
that Division 5243 furnish the necessary concrete shield blocks. Drawings were prepared 
(T47940 and T47941) a r j concrete blocks purchased. Plant Engineering was also requested to pro> 
vide additional water, a i r , and electrici ty needed for the MITE Accelerator . These modifications 
lo Bldg. 6595 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 an overflow of oil from the MADNESS tank assembly would not contaminate 
the deionizsd water in the aluminum tank. This height resulted in the centerline of the aluminum 
tank and, thereby, the centerline of the MITE accelera tor being located approximately seven feet 
above the builoing floor (Figure 3). A work platform (T47938) was then designed to provide a 
work surface 41 inches above the existing concrete floor with sufficent area to permit convenient 
installation and maintenance of MITE hardware and with adequate space to conduct necessary 
associa ted experiments . 



Figure I, Madness Experiment - Top View - {Ret. D*-g TI0716) 
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f igure a. Modified Madness Equipment (Ref. Dwg T4723I 
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This platform was designed in modular sections to simplify installation and to permit i ts 

use in other applications upon the completion of the MITE exper iments . The steps and an adjacent 
section of platform were designed for quick removal when the overhead crane Is required to lift 
equipment on and off the work platform. Direct access from the work platform to the tank walk­
ways was also provided. The decking for the work platform was specified to be open/non-skid 
type to insure safe footing in the event of oil sp i l l s . 

A section of the MITE Accelerator must he evacuated of a i r during operation (Figure 3, 
-4 Item 20). The specified vacuum was to be approximately 1 x 10 to'rr and was to be attained in 

l ess than 15 minutes. To make the best use of available equipment, two 6-in diffusion pumps with 
mechanical backing pumps w«"e selected (Figure 3. Items 61 and 36). Purchased were the vacuum 
system roughing pumps, a 331 CFM Roots blower and a 65 CFM mechanical pump. After all the 
vacuum equipment had been specified, a system layout was prepared to define the location c: the 

components -%nd any additional required equipment. The pumps were positioned to provide the 

most efficient pumping, taking into consideration the anticipated gas loads while providing the best 
mechanical stability. 

Support stands with adjustment features (Figure 3, Item 16) were designed to hold the vacuum 
chamber. These stands permit longitudinal movement of the chamber paral lel to its centerline 
during operation of the accelera tor while maintaining cor rec t location in all other direct ions. The 
final detail drawings were prepared and nil remaini-ig equipment 3Ti& hardware purchased. Final 
assembly was done by Division 5245. 

The electro-mechanical requirements for the vacuum insulator {Figure 3, item 2) were then 
specified. A design layout was prepared and approved by' Division 5245. Due to the calculated 
weight of the insulator (-495 lb), lifting features were required for handling, A bracket enables 
the assembly to be lifted and moved with an overhead crane; the insulator remains ',n a ver t ical 
position during movement. The hook height of the overhead crane in Bldg. S595 is not sufficient 
to lift the insulator in and out of the aluminum water tank as required for preferred assembly and 
disassembly. Therefore an additional hoi.it system {Figure 3, Hem 1") was designed and installed. 
With this hoist and the lifting fixture (T-JG359) the insulator can be lifted by the two trunnions 
(T48966) attached to the assembly. The lifting fixture permits 360° rotation thus providing a 
means for rotating the insulator as required fo • insertion into itte aluminum water tank and instal­
lation into the bulkhead. Mounting le isures were also provided an the insulator to install v s n e d 
specified diagnostic hardware. The final assembly (T46877) and detail drawings were prepared 
and the insulator fabricated. Installation a id checkout was done by Division 524F. 

4> 

http://hoi.it


D 
W£«S» "•>' [rnli | £f J 

Figure 3. MITE Assembly (Be'_ 



! Assembly (Ref. Dwg T46893) 



The pewer flow line section of this acce le ra tor consists of the vacuum chamber , the vacuum 
coax, and the ground plane p'.ates (Figure 3, Item 20). A c ross -sec t ion in the shape of race track 
was requested fr>r the vacuum co&x end the mater ia l selected was aluminum. After a supplier 
survey, a fabricator was found who would extrude this shape to our specifications. The high cast 
of fabricating an extrusion die was justified because we anticipated possible future applications 
for this item, A detail drawing of the racetrack-shaped extrusion (T4A629) was prepared and the 
units purchased. The vacuum coax i s supported by the vacuum insulator end extends approximately 
16. 5 feet from the insulator as a cantOeve* etl beam. T o provide additional support to the vacuum 
coax, a pneumatically operated actuator system (Figure 3, Item 15) was designed and fabricated. 
Division S24E specified thet, except at the vacuum insulator, the vacuus- coax must be completely 
free of mechanical support during operation of the accelera tor . To be clear of the vacuum coax 
at the time the accelera tor f ires, while at the same time permitt ing the coax to fall no more than 
a specified 0. 04 inch, the actuator must t ravel 2.0 inches in 14. 5 m s . P r i o r to installation on 
the power flow lines the actuator was tested using various drive p r e s s u r e s and valve settings 
[Figure 4). An optional scheme of allowing the vacuum coax to assume i ts deflected cantilevered 
position and of adjusting the vacuum chamber for proper symmetry from the coax was carr ied 
out. This was accomplished by providing sufficient movement In the vacuum chamber support 
Stands (Figure 3. Item lfil and incorporating a bellows section (F igure 3. Item 10). This per ­
mitted motion between the vncuum chamber and the aluminum wat^r tBnk. P r i o r to evacuation, 
the vacuum chamber can be aligned relative to the coax. After this adjustment, the bellows 
position can be secured by four threaded rods (Figure 3, Item 12} to maintain a rigid union between 
the vacuum chamber and fie aluminum water tank when the chamber i s evacuated. A special 
clamping joint was designed to secure the vacuum coax to the vacuum Insulator. This joint had 
to maintain the s t ra ightneas of Hie vacuum coax and had to have sufficient strength to support the 
cantilevered beam. Ease of assembly and disassembly was also considered during design. 
Various design layouts were prepared and a modified Marmon clamp (T49606) was selected. 
Clamping is accomplished with two U-shspe tapered clamps(T48818) that a re secured to the 
vacuum coax and vacuum insulator with sc rews . The clamp is of s ta in less s teel tc provide the 
required strength as well as to be compatible with the vacuum environment. The e'umlnum 
ground plane plates (T49608 thru T4S611) a r e mounted paral lel to the s ides 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 provide this movement. This 
assembly also permi ts tilt adjustment so as to maintain paral le l ism between the plates and the 
vacuum coax. All adjustments a r e made through three ports in the vacuum chamber , p r io r to 
evacuating the system. The adjustment port covers have a lucite window to provide visual inspec­
tion of the vacuum coax and ground plane plates under vacuum conditions. These windows a re also 
used for optical diagnostics during operation of the acce le ra tor . In addition to the plate adjustment 
por ts , the vacuum chamber also has various other portB to install vacuum monitoring instrumen­
tation. A cable port was provided on the vacuum chamber , with e lectr ical feed-through connectors , 
so that electronic diagnostics inside the vacuum chamber could be connected to equipment in the 
control room. 



The extreme western end of the power-flow lines contains the anode /cathode Experiment 
section (Figure 3, Items 3. 4 , and 8). This section consis ts of a viewing chamber {T478S8J and 
three Interchangeable experiment configurations (T47398. T47399, T479B3). The viewing .Camber 
has mounting features for the ground plane plates end adjustment mechanism. This mechanism 
supports and provides adjustment capabilities for the te rminal end of the ground pla.ie p la tes . The 
chamber also has a Lucite port Tor optical diagnostics nea r Uie te rminal end of the acce le ra tor . 
The chamber end plate (T47353) contains a copper plate (T47354) which se rves a s the accelera tor 
anode. Electr ical continuity between the ground plane plates and the end plate is maintained with 
adjustable copper spring contacts (T47BQ1). 

Design layouts were prepared and, after approval by Division 5245, the experiment configura­
tions were drawn, fabrlcnted and assembled. Spacing between the anode plate and the end of the 
experiments is adjustable from 0. 2 Inch to 1.0 inch in 0.1-lnch increr iente (Figure Si. This 
adjustment is accomplished by removing or adding 0.1-inch thick spacing rings IT47804} ar 
required to obtain the desired spacing. 

.Another unique feature or this section of the accelera tor is the ground feed plates . These 
plates a re located above and below the experiment coax (Figure 6) in contact with the ground plane 
plates. Spacing between the ground feed plates and the experiment coax (Transition sections) is 
adjustable for 0 .5 , 1.0 and 2.0 cm to be compatible with the ground plane adjustments. Final 
assembly and installation was done by Division 5245. 

Diagnostic requirements for the accelera tor were specified b\ Division 5245. Various 
design layouts were prepared to define the location and size of harti i r e needed. Electronic com­
ponents were supplied by Division 5245 and drawings of housings, t; sefcets, e t c . , were prepared, 
n.nd parts 5tbf*icat£d. Eight signal cables exit the vac""im chamber ;hrough the cable port bulk-
her i. Six signal cobles, located inside the vacuum coax (Figure SI exit the feed-through connectors 
on the vacuum insulator. All signal cables , including seven already outside the vacuum chamber 
and insulator, a re routed to the control room fa appropriate instrumentation (Figure 3>. 
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[V. CALCULATIONS 

Prel iminary engineering calculations were made for various components of the MITE accel­
e ra to r . These calculations weiv based on estimated maximum loadtr. assumed shapes, probable 
worst conditions, e t c . , and were uped only to determine the fe&f.ibility of building the proposed 
nccelorutor. 

As the design became finalized, calculations were made on cr i t ical components to determine 
actual s t r e s s , deflection, etc . Cri t ical components were those i t"ms that would be subject to high 
s t r e s s during routine operation of the accelera tor . Because of the complexity of some calculations, 
requests were made with Applied Mechanics Div'sLon HI 1284 to provide additional and concurring 
analysis on certain i tems. One calculation by Division 1284 was to determine the best < r o s s -
section design for the raceti 'sck-shaped vacuum coax. Four proposed c ro s s sections were Inves­
tigated to determine which one would have the least deflection at the tip if it were a cantilet-c.'ed 
beam. Results or these calculations were used In selecting the c ro s s section and a re documented 
in a memo from C. R. Adams, 1284, to Division 5243, dated March 7, 1977, 

Another analysis by Division 12E1 determined the strength of the joint which secu res the 
vacuum coax to the vacuum inBulator. Results indicated that the s t r e s s 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. Adams. 12B4, to Division 5243, dated June 14, 1977, 

Additional calculations were made using formulas and techniques from J. Roark and W, Young, 

Formulas for St ress and Strain, 5th Edition and from the Machinery's Handbook, 20th Edition. 

The structural integrity of the vacuum chamber was analysed as if it were a p re s su re vessel . The 
chamber was modeled as a clOBed-ends cylinder under uniform external p r e s s u r e . A computer 
program was written for the NOS system to calculate the external p ressure at which elastic bucklin B 

would occur, Results indicate that a minimum external p ressure of 193 lb/ in would be required 
to buckle the vacuum chamber. The maximum s t r e s s on the vacuum chamber, under vacuum load, 

2 
wi«s calculated to be 280 lb/ in , The external collapsing p re s su re calculated for the vacuum 
chamber, when a yield strength of the chamber mater ia l s is assumed to be 18,000 lb / in , was 
275 lb/ in . The minimum factor of safety for the vacuum chamber was calculated to be 12,9. 
However, since the chamber was assumed to be a cylinder when, in fact, it h i s various ports 
through the walls, advice was obtained from Division 1284 on the affect these por ts 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 aiso 

obtained from C. H. Maack, Metal Application Systems Division 5812, on the selection of the 
aluminum il loy used for this chamber. The chose of alloy, temper and welding procedures was in 
accordance with the recommendations of Division 5332. 



Stress and deflection due to the vacuum was calculated for the 6-in d iameter Lucite viewing 

port , the viewing chamber end pis te , and the copper anode plate . Results indicated a minimum 

safety faclur of 4 due to s t r e s s and a maximum deflection Df .028 inch. 

The four bellows-retaining rods were analyzed as columns to determine their load carrying 
capabilities under vacuum conditions. The total load on each rod due to the vacuum was 625 lbs . 
A safety factor of 46. 5 was calculated for each rod when used as a column as it is in our design. 

The maximum s t r e s s in the vacuum coax under dynamic conditions was determined to be 
2675 lh / in and the maximum deflection at the tip was .616 inch, when analyzed as a can t i l everc i 
beam. The maximum s t r e s s on the aluminum adapter plate which was used to secure the varunm 
Insulator assembly to the aluminum water tank was calculated to be 648 lb/ in . Shear s t r e s s on 
the bolts which secured the above plate to the aluminum water tank and fastened the vacuum 
insulator to the plate was 2643 lb/ in maximum. 

Stress an the Lucite ring stack was calculated by modeling the Lucite stack oe if it were a 
cantilevered Lucits tube. Combining the compress ive s t r e s s due to the clamping force of the bolts, 
the s t r e s s due to the bending moment caused by the eantilevered vacuum coax, and the bending 
s t r e s s e s due to the weight of the various components resulted in a maximum s t r e s s of 1302 lb / in . 

S t ress on the nylon bolts used to clamp the vacuum insulator assembly was 5339 lb / in . 
This s t r e s s was calculated by a s s c n i n g that only one bolt would ca r ry the bending s t r e s s exerted 
by the vacuum coax. Conservatively, however, one could expect half the 18 bolts to share the 
load. 

A minir-"m safety factcr of 4 was used to calculate modifications to support members and 
to hardware used to mount the 1000-lb capacity vacuum insulator hoist to the existing overhead 
crane s t ruc ture , A minimum safety factor of 4 was also used to calculate the design c r i t e r i a For 
the lifting bracket , lifting trunnion, and lifting fixture used to handle the vacuum insulator assembly. 
After fabrication, proof tes ts were conducted on these lifting fixtures to verify thei r design st-ength 
pr ior to actually handling the vacuum insulator assembly. Conservative methods and es t imates 
were used for all preceding s t ructural analysis. 



V. CONCLUSIONS 

The design, fabrication, and assembly of this accelera tor has been accomplished on a 
limited time schedule through the Mtilizstion of, and cooperation among, various Sandia organiza­
tions. The completed machine has been assembled by Division 5245, The mechanical design fea­
tures were checked out and, with minor adjustments, judged to be satisfactory. The Operation; 
and resul ts of experimentation using thin accelera tor will be documented by Division 5245, 
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