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. part replacement with fixed connections
— restricted optimization potential

— risk: new design worse for
connected part

critical i P ’
= simultaneous area ~» | optimized | .
optimization of part Z e(;' e
— parts (topology) P %~
— locations of joints 3D printed part
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Optimization problem

fail-safe objective _
: 7
minmaxc, fork=1,...,n, <
p,X k
"™\ ~ KS function
st. 0<p<1
— seudo densities p
x<x, <x fori=1,...,n P
;/ l e (SIMP)
7P <V, <«— volume constraints per part
0
min distance of joints
d, Sngjndl.j fori,j=1,...,n,

\

~ p-norm (reciprocal)
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positions of joints x;
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e.g. spot weld e.g. bolt
connection
to mesh projection to
density field
part 1 . \4
spring patterns
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(a) Left part (b) Right part

two bolt joints two spot joints
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................................................................

two bolt joints

oints. with min dist
= four bolt design without min distance four bolt joints, with min distance
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2D example — 4 joints — fail-safe

----------------------------------------------------------------

minmaxc, fork=1,...,4
p.X k

four bolts, fail-safe four bolt joints, with min distance
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non-design
spaces at bolts

empty

4‘ full

four-bolt design fail-safe design
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. number of joints prescribed,
but maybe not load carrying

. number of joints design variable
=>» half joints

oo

. extension to :
— strength P

— max joint force

. L-bracket example
=> see paper
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