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Abstract

Traditional  requirements  for  spacecraft  structures  verification  imply
long  development  times,  consumed  by  extensive  iterations  of  design,
analysis  and  tests.  This  clashes  with  the  software-oriented  mindset  of
different players entering the satellite business, who are familiar with fast
release cycles, which brings down costs and keeps satellites on the verge of
technology. While there is a growing number of small satellites entering the
space  scene,  there  is  still  not  a  standardized  approach  to  structural
verification.
Satellogic launched, in May 2016, its first two commercial imaging satellites,
NuSat-1&2,˜ which will form part of Aleph-1 constellation. They have a mass
of less than 40 kg, and general dimensions of 440 mm x 490 mm x 810 mm.
Less than 2 years passed from project start to launch, and design process
lasted 1 year. Following success of these two satellites, Satellogic is starting
to mass produce NuSat spacecrafts.

Loads cycle, together with the whole structural verification process,
has been simplified in order to suit fast development times. This need of
rapid  delivering  has  had  two  main  impacts  in  the  structure  design  and
development  philosophy:  on  the  one  hand,  eliminating  time  consuming
activities such as mission specific coupled loads analysis (CLA) for notching
negotiation;  on  the  other,  where  timely  processes  cannot  be  completely
eliminated,  introducing  milestones  for  quickly  delivering  designs  for
production, with high safety margins for the first product iteration, which
permits less thorough analysis and testing. For future models of the NuSat
generation,  overall  architecture  will  be  kept,  and  design  and  analysis˜
efforts  will  be  placed  in  optimizing  parts  for  weight  reduction,  allowing
smaller  safety  margins.  These  further  analysis  and  tests  will  produce
designs which will gradually make it to the production line.
More  particularly,  design  limit  loads  have  been  established  not  for  a
particular  launch  mission,  but  as  an  envelope  of  available  piggy  back
launchers. Vibration testing is done at system level, following launch service
provider  requirements,  while  no  thermal-vacuum  test  is  performed  at
system level.

However,  this  straightforward  structural  design  and  verification
process brings along increased risks, which resulted in unforeseen failures
during the testing process.

This  paper  addresses  main  structural  design  considerations  during
NuSat program, and˜ examples of unexpected failures are reported, along
with  design  solutions.  This  intends  to  be  of  aid  for  the  novel  designers
entering the low-cost small satellite industry.


