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HIGH STABILITY SPACE FRAME FOR A LARGE 
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C. A. Hurley 
0. 0. Myall 

Lawrence Livernwre Laboratory 
P. 0. Box 808 

Liveware, California 94550 

The Shiva laser system is a large neodymium glass 
laser target Irradiation facility being constructed at 
LLL to perform laser fusion experiments. 

A frame Is being constructed to support the large 
number of taser components th»t make up the Shiva 
System. Twenty laser chains, composed of amplifiers, 
Spatial filters, polarizers, rotators, and mirrors will 
be arranged in an optimum geometry so that each beam 
arrives at the target simultaneously and withii align
ment tolerances. This frame is capable of supporting 
approximately 600 individual component assemblies and 
maintaining a tolerance of ±4-urad rotation between 
any two points 0"er a period of 100 s. Consideration 
has been given to the positional stability and support 
of the components, tl:e geometrical array of stacked 
beams with respect to the oscillator and target, the 
flow of utilities (e.g., power cables and cooling gas 
Pipes), good accessibility for operation and mainte
nance, and adaptability for change and growth. One 
very Important provision for growth is the design of 
the target and turning-mirror structure to be adapt
able to the installation of amplifiers on each radial 
ray pointed at the target. These features were 
Studied early in tha conceptual design stages to allow 
the building design and construction to proceed and to 
ensure the compatibility of the building with the 
machine. The building which was started in FY 74 is 
scheduled for completion in the summer of 1976. 

Design Approach 
The stable support of components for this system 

requires a design approach different from that nor
mally used in conventional machine support structures. 
The usual loads must be considered, but the dominant 
considerations in this case are thermal and vibra
tional disturbances. The sizing of structural ele
ments to minimize motion requires that one consider 
maximum stiffness, sufficient size and mass for high 
thermal inertia, and minimum weight to keep the 
resonant frequencies high. The frame must provide 
structural rigidity and good access for maintenance. 
It must also be simple enough to allow good air flow 
around the frame and components for dust and heat 
control. Finally, the design must be cost effective. 

The frame will be hard-mounted to the floor with
out vibration isolation. If the input frequency 1s 
ctose to the structure's natural frequency, the vibra
tion is magnified—a condition to be avoided. If the 
Input frequency Is smaller than the natural frequency, 
the vibration Is simply transmitted-the condition Ke 
are designing toward. If the Input frequency Is 
greater than the natural frequency, the vibration is 
attenuated; this condition is attainable only by 
spring-mounting. Spring-mounting is not attractive 
because the laser and target support structures would 
have to be one single inflexible unit, 8 by 12 by 
70 m. This configuration is extremely difficult to 

achieve, especially since shielding 1s required between 
the laser and target sections. Other disadvantages of 
spring isolation include the difficulty 1n thermally 
controlling a large single structure and sensitivity to 
change In adding or removing loads. Springs would also 
be very large, with commensurate cost and space 
requirements. 

After considering square and cylindrical struc
tures, and considering concrete and other metals and 
shapes, the H laser support frame and 5 fold symmetric 
icosahedral target support were chosen, with square 
structural steel tubing as the material. A 6"x6" steel 
tubular main structure with 4 Hx4" tubular diagnonals 
has been designed. This allows fabrication of clean, 
simple welded joints and flat surfaces for mounting 
hardware; 1t also presents the most uniform rigid cross 
section, with no possibility of flange or web buckling. 
The square tubing will form the basic structural frame 
in in open grid pattern, forming box like segments with 
short spans allowing ample space for the channeling of 
cables and pipes, and flow of room air. One important 
advantage of this type of structure 1s the ease with 
which it can be modified. Thus, if it is necessary to 
cut a clearance path through the structure, one can do 
so without cutting through a-major structural member, 
as would be the case if large columns and beams were 
used. 

In selecting an optimized tubing size and 
material, one must weigh cost, availability, thermal 
Inertia, fundamental natural frequency, static 
deflection, cleanliness, and ease of fabrication 

The design of the structure is dependent on the 
building air system for thermal control, with the back
up capability of flowing temperature-controlled watir 
through the tubing in the unlikely event that this 
should becorc? necessary. 

SHIVA Support System 
The structure will be constructed in two sections, 

as shown in Figure I. One section will support the 
oscillator, amplifiers, polarizers, rotators, 
splitters, and folding mirrors; the other section will 
support the target chamber, turning mirrors, and 
possibly radial amplifiers These Sections will be 
physically separated by a shielding wall. The ampli
fier section Is 40 m long, 12 m wide, and 7.6 m high. 
The target section is approximately 15-m x 15-m x 15-m. 

Laser components will be cantilevered from the 
outside vertical faces of the structure by stiff 
brackets at each end, shown in figure II. They will 
be supported in a manner that will allow alignment 
repeatability during installation and replacement. 
They will have tamperproof and lockable alignment 
adjustments, which will be used for gross alignment 
and will allow the amplifiers to be rotated easily to 
a number of positions around the beam axis. Provision 
is also being made for gross lateral movement away from 

*Work performed under the auspices of the U.S. Energy Research & Development Administration under contract 
No. W-7405-Eng-48. 
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Figure I. Shiva Laser Amplifier and Target Chamber Support Structure 

through a perforated raised floor forming a plenum 
above the building floor. This will limit dust parti
cles and maintain the Shiva system environment as a 
class 10,000 clean room. Particulate contamination of 
disk amplifiers with a high flashlarop flux causes 
component damage and must be avoided. Each beam will 
be completely enclosed in pipes, and a positive 
pressure of nitrogen will be maintained in order to 
exclude oxygen and dust. Amplifiers, spatial filters, 
and optical isolation components, which make up the 
laser chain, will be connected to the pipes with con
venience bellows. 

The beam will be projected from the oscillator 
through preamplifiers, beam splitters, and folding 
mirrors. The folding-mirror assembly will perform the 
functions of correcting for beam path length, centering 
an the apodfzed aperture, and pointing down the ampli
fier chain. The beam is spatially filtered and 
expanded several times to fill all amplifiers- It 
reaches 23 cm in diameter at the last spatial filter. 
At this point th& beam Is slightly divergent as it 
passes through the remaining stage of amplification, 
which is mounted on the laser space frame. Then it 
passes through the turning mirrors mounted on the tar
get space frame to the focusing lens elements that are 
mounted on the target-chamber. 

Stability 
The main sources of instability in the structure 

are ground vibrations, thermal changes, acoustic vibra
tion, stress relief, and load deflection. The building 
that houses the laser is being designed to minimize 
acoustical noise, and little disturbing input is 
expected. 

Residual stresses Imposed by welding will eventu
ally relieve themselves, and resulting motion can be 

Figure II. Shiva Component Cradles 

the frame for safe and convenient crane handling. 
This method of support is simple and allows good air 
flow around components for dust and heat control. The 
brackets are designed with the same stability criteria 
as the frame and have damping features at the frame 
Interface for shock loads from flashlamp firing and 
magnet pulses. This is achieved by the insertion of a 
copper, maganese aluminum alloy between the components 
and the frame, which converts mechanical energy to 
heat and does not affect the performance of the metal 
as a structural material. 

Filtered air will enter at the ceiling through 
high-efficiency filters and return to the blowers 



compensated, however it is much better to eliminate 
this annoyance. Heat treatment, which is a conmon 
method of stress relieving, proved to be too costly. 
The method to be used involves introducing energy into 
the structure by means of mechanically vibrating it in 
a low frequency range. 

Both amplifier and target frames were conceived 
as a succession of cubic modules of 4 ft. sides, built 
from 6 inch square by 1/4 Inch wall square steel 
tubing. The 4 ft. length was chosen as having the 
minimum acceptable natural frequency when supporting 
the maximum estimated component weight. With 270 lbs. 
concentrated load at the center, the natural frequency 
of such a beam Is 73 Hertz if the ends are simply 
supported, and 158 if they are built-in. 

Computer calculations, using the dynamic analysis 
code "Sap I V are being used to determine the behavior 
of the frames in response to ground vibrations 
measured near a similar building at the site. These 
ground vibrations had a maximum amplitude of 5.2 micro-
Inches. 

Initial calculations Involved the concrete laser 
bay floor on which the amplifier frame Is mounted. 
The actual supports of the frame are located above 
the heads of columns which support this floor from 
the basement. With the ground motion applied verti
cally at the basement level, the peak displacement was 
magnified 1.7 times at the column heads. 

When the same vertical forcing function was 
applied to the amplifier frame itself a magnification 
of 1.8 was obtained at the top of the frame. 

Similar calculations were performed for hori
zontal motion of the amplifier frame, giving a magni
fication of 2.0. 

Computer graphics routines were used to visualize 
the lower vibration modes of the amplifier frame. 
These enabled us to choose the most appropriate loca
tion to add diagonal members. Consideration of a 
typical 4 ft. square frame panel shows that consider
able extra stiffness 1s achieved by adding such a 
diagonal. 

Dynamic analysis involves extensive calculations 
requiring large computer capacity: we are therefore 

unable to analyze large complex frames with large 
numbers of members, such as the amplifier and target 
frames. Fortunately the amplifier frame consists of a 
number of repeated identical sections. We were there
fore able to consider a small portion of this frame, 
defining the boundaries by appropriate symmetry and/or 
antisymmetry conditions, the latter depending on the 
particular direction of ground motion considered. 

The target frame does not have such a convenient 
form. It is basically cylindrical in shape, the only 
symmetry involving 5 equal sectors around the center 
of the cylinder. The computer code "Sap IV" requires 
that the boundary conditions be defined In Cartesian 
coordinates; thus for a complete analysis half of the 
total frame would have to be considered. This remains 
much too large a problem for the code to handle-. 
Several initial attempts to get around this problem 
were unsuccessful. Current efforts involve repre
senting each distinct section of the frame (involving 
many members) by a simple beam. The required stiffness 
characteristics of such a beam are determined by 
treating the corresponding section of the frame as a 
cantilever with a point load or moment applied at the 
end. The code is then used to determine the deflection 
and/or rotation due to this force or moment so that the 
appropriate bending and shear stiffnesses can be cal
culated. This technique will enable us to model the 
complete frame without having too many frame members. 

Other calculations in progress include the hori
zontal movement of the laser bay floor; interaction 
with other parts of the building make this a more 
complex problem. The calculations for vertical motion 
will be revised to obtain more realistic coupling 
between the laser bay floor and the amplifier frame. 

Thermal stability is achieved by choosing struc
tural elements of a suitable size and mass to be 
compatible with the building environment. The specifi
cation for air-temperature stability at any point in 
the laser bay, including the allowable drift of the 
mean temperature, will be less than ±0.5°C peak to 
peak, with a period not exceeding 15 m1n; the floor-to-
ceiling differential will be less than 1°C. The room 
has vertical air flow, providing a complete air change 
once every 20 s. Table I lists some frame thermal 
motions resulting under these conditions. The rela
tively large motions listed under "long term" are con
servatively assumed to be over a 24-hr period; the 

Table I : Thermal Motions of the Laser-Amplifier and Target-Chamber Space Frames 
Laser-Amplifier Frame Target Frame 

Linear motion 
1 (nm) 4> Angle (mrad) 

Linear motion 
1 (mm) 4 Angle {mrad) 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Long 
term 

Short 
term 

Uniform 1°C change: 
Height 
width 
Length 

Change of 1*C In f loor-to-cell lng AT: 
Height 
Widthb 
Lengthb 

0.0845 0.0027 -
0.134 0.0043 * 
0.384 0.012 

0.192 0.006 
0.192 0.006 
0.192 0.006 

0.0256 
0.0808 
0.232 

0.0008 
0.0025 
0.0074 

0.012 
0.0345 

0.00037 
0.0011 

0.067 
0.134 
0.134 

0.002 
0.004 
0.004 

0.00379 
0.00879 

0.00026 
0.00026 

Angular changes are maximum values between components at extreme positions in frames. 
"Change over height of frame. 



short-term motions are assumed to be over a 15-m1n 
period. To limit long axis expansion, one has the 
option of building the structure with gaps. We chose 
not to do this because it diminishes stiffness. 

The effect of environmental temperature changes 
1s decreased by the thermal Inertia of the structure. 
When the air temperature varies 1°C with a 15-min 
period, the steel temperature varies with the same 
period, but with a time lag and an amplitude of only 
0«0159°C. This temperature variation causes agneql1-g1We sinusoidally varying strain of O.fl x 10 and a 
stress of 12 ps1. 

Supports for the space frame are designed to 
acconwodate thermal growth without strain, during 
periods when the air conditioning system Is not 
operating. Roller bearing supports will allow the 
frame to move in an accurately guided manner from a 
fixed point. These supports will sit directly on top 
of the building column heads in the laser area and on 
Its own foundation in the target area. 

Accessibility 
Components will normally be accessible to per

sonnel for Inspection and light maintenance through a 
system of movable and elevator platforms or, in the 
target-room frame, by means of catwalks and stairways. 
Major maintenance will require the removal of a whole 
unit by means of the overhead crane and special 
h-r.jling equipment; the unit will then be serviced In 
a separate assembly clean room. 

Power cables and gas pipes will be routed through 
ports in the building floor, distributed under the 
raised floor, and fed up to each component through the 
open-grid structure of the space frame shown in Figure 

Construction 
The structure will be shop fabricated in large 

sections concurrently with the laser building con
struction. The size of these prefabricated sections, 

Figure III. Prefabricated Sections 
4 



shown 1n Figure III, is limited to handling and space 
restrictions. They will be welded together for final 
assembly within the laser building. 

Total weight of the 35,000 ft. of steel is 
600,000 lbs.. Kith 13,600 shop Held joints, and 1,400 
field weld Joints, and a total of 28,000 ft. of weld. 
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