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Abstract 

Most spacecraft have at least one pressurized vessel on board. For robotic spacecraft, it is usually a liquid 

propellant tank. In addition to a hole, it is possible that a pressure vessel may experience catastrophic 

failure (i.e. rupture) as a result of a hypervelocity impact. If such a tank rupture were to occur on-orbit 

following a micrometeoroid and/or orbital debris (MMOD) particle impact, not only could it lead to loss 

of life, but it would also generate a tremendous amount of debris that could compromise the operation of 

either current or future space assets working in similar or near-by orbits. As a result, NASA and other 

space faring nations have put in place spacecraft and satellite design requirements to prevent additional 

sizable debris from being created in the event of pressure vessel rupture or catastrophic failure. NASA-

STD 8719.14 (Rev. A, Change Notice 1) contains the technical requirements imposed upon the spacecraft 

design and operations, including but not limited to post-mission disposal and passivation. In general, 

these requirements state that a spacecraft’s stored energy devices and/or containers, i.e., batteries and 

pressure vessels, respectively, for example, are to be passivated at the end of a spacecraft’s mission or 

useful life. 

The specific requirement for passivation (applicable to all spacecraft remaining in Earth or lunar orbit) is 

found in Requirement 4.4-2. This requirement can be viewed as consisting of two parts. The first, the so-

called “hard passivation” criterion, is very direct - “deplete all onboard sources of stored energy and 

disconnect all energy generation sources when they are no longer required for mission operations or post-

mission disposal”.  Since many spacecraft designs would not be able to comply with some aspects of that 

requirement (for a variety of reasons), an alternative, so-called “soft passivation” option was added - 

“control to a level which cannot cause an explosion or deflagration large enough to release orbital debris 

or break up the spacecraft”.  If the release of debris can be prevented without “hard passivation”, then the 

intent of the requirement could be met by the more practical “soft passivation” approach.  

This paper will provide a summary of a series of tasks performed with the intent of providing guidelines 

and considerations to be used by satellite programs and projects to possibly satisfy passivation 

requirements using the “soft passivation” approach, that is, when not performing complete fuel depletion, 

or hard passivation. 

1. First, a comprehensive review of public domain literature regarding the passivation of spacecraft 

pressure vessels, was conducted to assess the state-of-the-art in pressure vessel passivation design, 

techniques, and philosophies. This review yielded some interesting information regarding possibly 

acceptable pressure level thresholds below which pressure vessel rupture will likely not occur, even in 

the event of a high speed impact by an MMOD particle.  

2. Second, a process was developed to calculate the number of rupture-causing MMOD particles that a 

spacecraft might expect to encounter in its so-called “soft passivated” state. This requires first 

calculating the size of a particle that might be expected to cause rupture of a “nearly empty” fuel tank 

of a given spacecraft, then determining the anticipated flux of particles of that size for that satellite, 

and then finally calculating the expected number of particles to be seen by that satellite over its 

passivated lifespan. 

 

The results of both of these activities can be used by spacecraft designers and mission planners to help 

satisfy passivation requirements using the “soft passivation” approach. 
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