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§ 460.11 Environmental control and life support systems.

With the exception of a minor change suggested below in § 460.11 (a) (3), the proposed requirements in § 460.11 (a), (b), and (c) are reasonable and provide adequate flexibility, allowing the environmental control and life support systems (ECLSS) developer to meet the requirements through a means that best addresses the particular spacecraft design and mission profile, while defining a level of safety that is clear and demonstrable.  It is important that the FAA allow compliance with the rule to be demonstrated through the most economic means available including analysis, testing, or a combination of the two.   

Demonstrating compliance through testing for some subsystems, such as the ECLSS, or aspects of the propulsion system, will be most economically achieved in the test facilities used for development and certification of the particular subsystem, rather than once integrated into the spacecraft.  Demonstrating the ability of the ECLS system to adequately respond to a component failure or emergency in space would be virtually impossible once the system is integrated into the spacecraft.

§ 460.11 Environmental control and life support systems.

The requirement § 460.11 (a) (3) in effect states that the operator or flight crew must monitor and control contaminants that include particulates and any harmful or hazardous concentrations of gases, or vapors.  This requirement should be restricted to those contaminants that can reasonably be expected to build up during the course of the spaceflight due to metabolic or other processes occurring in the cabin, or those potential contaminants for which a source is present in the cabin. Therefore requiring the monitoring of any harmful particulate, gas, or vapor is not necessary, and is overly burdensome. 

§ 460.13 Smoke detection and fire suppression.

The wording of this requirement should be modified to the following:  “An operator or crew must have the ability to detect and locate smoke and suppress a cabin fire…..” to adequately address the need to not only know there is smoke present but also where the fire suppression action must be directed to mitigate the problem in the most expeditious fashion.

§ 460.17 Verification program.

Section II, (A) General Discussion of the Proposals (10) Verification Program, places a strong emphasis on flight testing, as does the proposed rule, § 460.17 Verification program.  Equal emphasis must be placed on testing subsystems performance in a simulated operational flight environment.  The proposed rules rightfully require redundancy in the prevention of cabin depressurization; however the ability of a redundant system to respond to an emergency or component failures can not be safely tested in space or during fight testing.  Furthermore, verifying the integrated performance of the environmental control and life support system (once integrated into the spacecraft) using a thermal vacuum chamber large enough for the entire spacecraft would be cost prohibitive. 

Therefore the FAA must allow the human-rating and verification of some subsystems (such as the environmental control and life support system and the controlling software) to be performed in a facility specifically designed for that purpose.  Such a facility shall be capable of subjecting the ECLSS to a reasonable range of simulated nominal and off-nominal flight conditions, flight profiles, cabin pressures, and component failures. Representatives from the FAA may also safely witness these tests and review the analysis showing that the ECLSS Human-rating Facility testing data is representative of the ECLSS performance once integrated into the vehicle.

The example of using an ECLSS Human-rating Facility to simulate flight conditions is consistent with the NASA Procedural Requirements (NPR) 8705.2A, Human-Rating Requirements for Space Systems which states in 1.6.8.1 of Volume III of the Human-Rating Plan that “the Program Manager shall document the type and number of flight tests that will be performed across the mission profile under actual and simulated conditions to achieve human-rating certification (Requirement 34360).”

Rigorous testing of safety critical systems such as the ECLSS, using dedicated test facilities allows thorough testing at a reduced cost.  It also allows entire subsystems to be certified by the FAA before final integration of the entire vehicle begins.  This will significantly reduce the overall spacecraft development and testing time.  Utilizing an ECLSS Human-rating Facility that simulates the cabin of an aircraft or spacecraft through a full range of cabin pressures allows the testing of components and subsystems at flight pressure in a safe and cost effective manner.  Such an approach also allows a more careful and thorough approach to developing and testing a system such as the ECLSS.  

§ 460.7 (b) training device fidelity
Perhaps an addition of the adequacy of simulators should be added to § 460.7 (b) training device fidelity to state “simulators for subsystem operational verification shall represent the subsystem configuration, or the operator must inform the crew member being trained of the differences” to emphasize the use of simulators as discussed above.  The same changes could also be employed in the requirements of § 460.13 Smoke detection and fire suppression.
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