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Since 2014, the Laboratory of Spacecraft Environment Interaction Engineering is
studying how the lean manufacturing concepts could be implemented into satellite
design, development, and assembly-integration-test processes. The actual definition
of a “lean satellite” and the associated requirements to qualify as a “lean satellite”
are an undergoing work by the International Academy of Astronautics, but 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.

Data from the investigation of non-traditional satellites on-orbit performance
show that these satellites present the highest rate of infant mortality, which points
out that testing of non-traditional satellites prior to launch is insufficient. Moreover,
the data also indicate that most of non-traditional satellites fail to achieve full
mission success, which signifies that no satisfactory value is provided to the
customer. From these two main problems, it is clear that infant mortality should be
prevented. To achieve this, it is essential to identify culprit sub-systems and
1mprove the testing strategy prior to the satellite launch in order to ensure lean
concepts of low cost, fast delivery, and value.

The research’s objectives were defined as follows to address the aforementioned

problematic: 1) assess multi-criteria critical to lean satellite



assembly-integration-testing programs management; 2) demonstrate lean satellite
can provide better value to customers through the adoption of proper ground-based
testing strategy; 3) serve as guidance to current and future lean satellite developers
and managers.

The research was separated in a two-step action plan to achieve the previously
stated objectives. The first step consisted in using HORYU-IV project to gather,
during testing phases, actual data on the number of failures, occurrence of failures,
and type of failures. From the collected data, evolution of the number of failures
over the testing phases, system reliability evolution, and failures taxonomy could be
studied. The second step consisted in carrying out simulations to study satellite
reliability evolution after launch depending on the testing time. Moreover, based on
HORYU-IV financial data, the evolutions of the cost over the different testing
phases and over the overall project schedule were studied.

From the experimental data analysis, it appeared that most 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. Regarding the study of the satellite reliability
evolution, it was observed 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 are in
agreement with the experimental data. The simulations also show that though
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, i.e. help
preventing infant mortality, without impeding much the program schedule or cost
constraints. Overall, the research 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 1is
achieved, and consequently provide value to the customer.

The research outcomes are intended to be used as guidance by lean satellite
program developers and managers for better planning of testing and resources
allocation to develop more valuable lean satellite systems at a low cost and within a
short development time. The results presented in this research are the first openly
available data, which gathered information on satellite failures while performing

assembly-integration-testing processes prior to launch and only one case study



could be investigated. This is a good starting point to draft trends, it is however
insufficient to establish general and quantitative conclusions. Further data from
different lean satellite programs should therefore be gathered. To achieve this,
several ideas are proposed as research outlook such as the establishment of a

“failures track sheet” and “LeanSat community” lessons learned database.
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