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ABSTRACT 

In a time in which a significant number of launch vehicles are being developed, boosted by numerous 
new space actors demanding cheaper access to space, the need to ensure the reliability of launch 
vehicles is undeniable. Launch failures can have a big impact in both Earth and space environment. The 
first step to ensure the reliability of new launch vehicles is to analyse previous launch failures, learning 
from past mistakes. In this paper, the launch failures that occurred over the past 15 years will be 
analysed. These failures will be classified as a function of the subsystems involved in the failure, as well 
as the phase of the mission in which the failure occurred. As a result, the most critical subsystems can 
be identified for every mission phase. These subsystems should be the focus of new reliability modelling 
and improvement efforts. Moreover, the most critical subsystem will be further investigated, and its most 
critical components identified. Therefore, the paper intends to provide an overview of the main causes 
for launch failures in the last years, aiming to guide future reliability efforts. 
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1 INTRODUCTION 

The commercialisation of the space sector is already a reality that has been developing over the past few 
years. The paradigm shift known as NewSpace has changed the nature of space missions being launched, 
leading to smaller systems providing services from space with much smaller budgets than traditional 
missions funded by governmental entities. This tendency has given rise to an exponential growth of 
actors in the space sector, resulting in a significant increase in the launch rate and the development of 
numerous launch vehicles. However, some concerns should be kept in mind while carrying out these 
developments, such as the sustainability of the space environment and the impact of the space sector on 
the Earth environment. 

The launch rate has significantly increased over the past few years. However, the success rate 
of the launchers in 2020 was the lowest in the last 20 years [12]. Launch failures come not only at a 
great economic cost, but also at a large waste of resources. Even further, if launchers fail to perform a 
successful Post-Mission Disposal (PMD), they can pose a risk either on ground, due to un-controlled re-
entries of big stages; or on the space environment, when these stages remain orbiting for long time 
periods threatening other space missions and potentially contributing to the collisional cascading effect 
known as Kessler syndrome. 

In this context, ensuring the reliability of launch vehicles becomes essential. Analysing previous 
launch failures provides relevant information to help shaping reliability efforts of the upcoming vehicles. 
In this paper, the launch failures that occurred over the past 15 years will be analysed, first being 
classified depending on the subsystems involved in the failure and then as a function of the mission 
phase in which the failure occurs. Section 2 briefly describes the different subsystems and mission 
phases that have been considered for the classification. Section 3 shows the results of the analysis, and 
Section 4 provides a short conclusion to this analysis. 
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2 SYSTEM DESCRIPTION 

In order to improve the reliability of space launch vehicles it is first important to understand which 
subsystems are involved in most launch vehicle failures, since these subsystems should be the focus of 
reliability efforts. The subsystems considered for such classification have been the following: 

o Propulsion System (PROP): it is the most essential and complex part of a launcher. It 
comprises the main engines of the launch vehicle, which are responsible of accelerating the 
payload to its orbital speed.  

o Trajectory and Attitude Control System (TACS): it comprises the sensors, actuators, and 
software needed to maintain the vehicle on the desired trajectory with the desired attitude. 

o Power Storage and Distribution System (POW): batteries and electronics needed to distribute 
the power to all the subsystems that need it. 

o Telemetry (TEL): it is in charge of the communications with the ground station. 
o On Board Computer (OBC): it is the “brain” of the vehicle. Receives data from sensors and 

sends the commands to the actuators, sends the data to ground through the telemetry system… 
o Thermal Control System (TCS): protection from external heat fluxes and redistribution of the 

heat generated by the subsystems, ensuring that all systems stay within their operational 
temperature range.  

o Structures (STR): they hold, support and interconnect all the other subsystems. They need to 
resist the high loads and vibrations form the launch. 

o Separation Systems (SEP): pyrotechnic and/or pneumatic systems that allow stage, fairing and 
payload separation. 

Additionally, the failures are time dependent, and their impact can also vary according to the phase of 
the mission in which they take place. The different mission phases that have been considered are: 

o Ascent: starts at lift-off and it is considered to last until the separation of the upper stage. It will 
usually include a vertical lift-off, pitch-over manoeuvre, and stages and fairing separation. It 
can also include coast phases. 

o Payload injection: starting from the separation of the upper stage, it will include all the 
manoeuvres required to inject all the satellites in their intended orbits. It will usually include 
both propelled and coast phases. 

o Decommissioning: from the injection of the last payload until the safe disposal of the upper 
stage, it typically includes a manoeuvre to lower the perigee and the passivation of all energy 
sources left on the stage.  

This paper focuses on the failures occurred during the ascent and payload injection phases, failures in 
the decommissioning phase will be addressed in future work. However, lecture of ESA’s Space 
Environment Report [1] is recommended to the reader interested on the success of PMD by launchers. 

3 LAUNCH VEHICLE FAILURES 

In order to conduct this analysis, every failure registered in the launch logs [12][13] was 
investigated and classified individually. To do so, the main sources of information were online 
newspapers like [2]-[6] and official communication by space agencies [10][11] and companies [7]-[9]. 
Information about the specific sources for each failure can be retrieved from the authors under request. 
A total of 72 failures over the past 15 years have been considered. However, due to the confidentiality 
that usually revolves around the development of launch vehicles, information about the causes of 22 of 
them was not found publicly available. 

3.1 Launch failures by subsystem 

The first analysis performed involves the classification as a function of the subsystem that was 
the main contributor to the failure, for failures that occurred in any mission phase, namely ascent or 
payload injection. It is first interesting to observe that the majority of launch failures correspond to the 
propulsion subsystem. This subsystem performs the most essential task of launch vehicles, in addition 
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to being very complex and exposed to extreme conditions. The two other main contributors were found 
to be the Trajectory Analysis and Control System (TACS) and the Separation (SEP) systems.  

 

  
Figure 1: Launch failures in the past 15 years classified by subsystem. 

3.2 Launch failures by subsystem and mission phase 

If we perform the same analysis additionally dividing the failures by mission phase, the results 
turn out to be very similar for both the ascent and the payload injection phases. In this case, there were 
only 12 failures that could not be classified by mission phase. The failures were evenly distributed 
among both phases, with 31 failures during the ascent and 29 during the payload injection. The 
distribution of subsystems causing the majority of failures is also very similar, with the propulsion 
system contributing to at least half of the failures in both cases. The biggest difference between both 
phases can be observed in the share between the TACS and the SEP systems, being the first one a bigger 
contributor during the payload injection with a smaller contribution of the latter, and on the contrary 
during the ascent. This is coherent with the fact that more separations are required during the ascent, 
including the separation between different stages and the fairing separation, while only the separation 
of the payload takes place during the payload injection phase. It is also interesting to see that the failures 
in the structures, even if they are few, only happened during the ascent, which is also coherent with the 
highest loads typical of this phase.  

 

   
Figure 2: Launch failures in the past 15 years divided by mission phase and classified by subsystem. 

3.3 Launch failures due to the propulsion system 

Finally, being the propulsion system the one involved in most failures, a further analysis has 
been performed to identify the components of this subsystem that are involved in most of its failures. 
From the propulsion failures studied in this paper, only one corresponded to a solid rocket engine, being 
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the other 25 liquid rocket engines. Therefore, only the liquid rocket engines have been considered in this 
classification. It is easily seen that most failures in liquid rocket engines are caused by the feeding 
system. Pipes and valves, which can also be considered as a part of the feeding system, have been 
considered separately in order to account for their specific contribution. 

 

 
Figure 3: Launch failures caused by liquid rocket engine failure and classified by component of the engine. 

4 CONCLUDING REMARKS 

It has been shown that there is a clear trend on the subsystems that cause most failures in space launch 
vehicles. Propulsion systems, and more specifically liquid rocket engines, account for about half of the 
launch failures during the last 15 years, being the feeding system the maximum contributor to these 
failures. Therefore, reliability efforts in upcoming launch vehicles should be focus on the improvement 
of this subsystem, as well as the trajectory and attitude control and the separation systems. Together, 
these three systems account for over a 90% of space launch vehicle failures. 
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