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The Laboratory of Spacecraft Environment Engineering at Kyushu 
Institute of Technology has ten years experience in developing, testing, and 
operating satellites from CubeSats to 10kg-class satellites. Since the last 
two years, the laboratory is focusing on how the lean manufacturing 
concept can be implemented into satellite development. Though the actual 
definition of “lean satellite” and the associated requirements to qualify as a 
lean satellite are an undergoing work by the IAA Study Group 4.18 Members,
a lean satellite can be described as a non traditional, risk-taking satellite 
that aims to provide value to the customer and whose development 
philosophy is driven by fast delivery and low cost. There are, however, two 
main drawbacks to current lean satellites: 1) they present the highest rate 
of infant mortality and 2) most of the successfully launched lean satellites 
fail to achieve full mission success. In other words, most of current lean 
satellites fail to provide value to the customer and without improvement this
could jeopardize lean satellite programs sustainability. The two main 
drawbacks point out that testing prior to launch is not sufficiently performed
and the main reasons to such insufficient testing are programs’ lack of time,
funds, manpower, and/or knowledge. Through this research, the authors aim
at showing that proper and sufficient testing is indeed necessary to prevent 
lean satellites infant mortality and most importantly that a strategic 
increase of testing does not have to impede the initial program’s schedule 
or budget constraints. For the achievement of the aforementioned goals, 
interdependence between schedule, reliability, and cost, which are three 
criteria critical to lean satellite programs, was studied using simulations and 
using experimental data from an actual lean satellite program, HORYU-IV. 
The experimental data gathered from HORYU-IV include: the number of 
failures, the time or date at which a failure was discovered, and the type of 
failures. From the data analysis, it appeared that most of failures are 
discovered during the early stage of testing and that the failures drivers 
were the on-board computer, the electrical power sub-system, the 
communication sub-system, and interfaces between sub-systems. 

Moreover, the study of the satellite reliability evolution showed that 
testing improved by nearly 40% the reliability of the bus sub-systems 
between the initial and last development phase. In the simulations, different
assembly, integration, and testing processes as well as different failure 
modes and failure criticality levels were defined and the results obtained 
were in agreement with the experimental data. Another interesting 



observation from the simulations is that though, as one might expect, 
increasing greatly the testing time will indeed increase the reliability after 
launch, it will also drive consequent schedule delay and cost overruns. 
However, a mild increase of the testing time will greatly improve reliability 
after launch without much impeding the program schedule or cost 
constraints. Overall, the study results point out that even for a lean satellite 
program with hard constraints, it is beneficial to carry out testing for an 
optimum amount of time to prevent infant mortality, ensure satellite 
minimum success is achieved, and consequently provide value to the 
customer. However, the study is based on only one case study and while 
this is a good starting point to draft trends, it is insufficient to establish 
general conclusions. Therefore, further data from different lean satellite 
programs should be gathered. To achieve this, several ideas are proposed 
such as the establishment of a “failures track sheet” and “LeanSat 
community” lessons learned database. 
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