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vibrations during in-
tended use, such as aftef
burners on a jet engine.
A damage-tolerance fig-
ure indicates how rapidly
a crack might propagate
in a particular structure.
And a manufacturing
cost indicator tells which
of two or more compet-
ing designs would be less
expensive to produce.

Outputs also include
appropriate selections
based on loading and de-
sign criteria. The software
also produces factors for
stability and stress, along
with cross section and
mass properties.

Other results include
detailed geometry, body
stiffness, material and
flat-pattern properties,
DXF file for the flat-pat-
tern, and selected margin
summariesSample out
putsshows just one table
of many. All these are
generated from a single
set of inputs.

For a closer look at

the outputs, consider the

CONE SWBHRE

An unusual application for a shell structure came froNASA request for
ideas on how to protect space travelers from small meteors and radiatio
let PS Associates propose a series of conic isogrid structures that cou

PR

vide lightweight housing an
protection needed by th
agency’s SBIR (Small bus
ness innovative researc
X6.01 (tinyurl.com/4du2s3)

The habitat concept use€
inner and outer conica
structures with isogrids fo
light weight and strength
The cones would be nestg
for transport into space an
there bolted together into
tunnellike volume. The oute
structure (larger cones) an
a thermal layer (not shown
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protect against meteorit

¢

and space debris. The inn
structure would use O-ring
at flanged joints for airtigh
seals.
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margins and trades sum-
maries. They tell more
about a proposed design

stress divided by a user selected safety factor:

M =[S/

. Thable of margins orga and mass properties at tolerance. Additional tables
nizes the actual and critical stresses for several eigilude SP8007 analysis, (a NASA-developed evalu
neering characteristics. For example, a stresgin ation for aerospace structures), modal response, and
is a function of the ratio of allowable stress to actulalernal line loads on structure elements for each

) fs]-1

external load case.
For manufacturing, the software generates NC

whereM = margin value$, = allowable stress, a fixedoolpaths for constant chip-load machining. The soft-

material property S = calculated stress, from SSTyare also shows how to make bolted flanges, bosses,
andfs = factor of safety, a value greater than 1. Supad mounting devices that are part of these structures.
Traces show the methods implemented that defeAdd some users have said the software lets them mas-
results and are provided for all margin calculationter the art of producing metallic isogrid, waffle, and
The Start Menu lets users supply allowable ultimatkin stringer structures.
and limit stresses as well as safety factors for variousdditional manufacturing output predicts the min-
failure modes. Twelve different margins can be saum cold-forming radii of isogrid and waffle struc-
lected as sizing criteria. tures. The predictions are for isogrid or waffle pockets
Fine-tuning a design usually calls for many endilled, or not, with a hard elastomer that prevents skin
neering decisions. The trades or trade-off graphs dauckling during forming. These predictions are based
guide those. Critical tolerances can also be selectedmanufacturing tolerances and minimum allow-
or based on software defaults for computing the iable gauges. The predictions for postmachine forming
dicated margins and associated stresses. The o#rger the design, sizing, and optimization calculations
outputs also update with each input-menu change. where their effects on structural performance and
Digging deeper in the results shows design defimieight are taken into accouiD
tions, flat patterns, dimensioned rib cross sections,
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