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Regular update of CS-25 -RMT.0673

Introduction - Rationale:

The certification standards and AMC related to CS 25.831 and ventilation air supply are not
specific enough to ensure adequate air quality for crew or passengers. The use of the bleed
air system fails to meet the certification requirements for clean breathing air.

Problem description:
The certification standard proposed requires that:

1) The “system must be designed to provide a sufficient amount of uncontaminated air to
enable the crew members to perform their duties without undue discomfort or fatigue and to
provide reasonable passenger comfort.” CS/FAR 25.831a

2) “Crew and passenger compartment air must be free from harmful or hazardous
concentrations of gases or vapours.” CS/FAR 25.831b

There are several problems that should be addressed:

A. The ventilation systems utilised in current bleed air aircraft are sourced generally from the
engines or APU. The use of the pressurised air from the compressor will in all cases
provide low level leakage of oil from the bearing chamber back into the secondary air,
including the main core airflow in the compressor, from where the ventilation air is
sourced. This occurs as oil seals are not an absolute design and will allow low level
leakage past the seals in normal operations, in addition to the less frequent higher levels
of leakage in failure or certain operational conditions. [1-5]

B. Ultrafine particles are generated from oils exposed to high temperatures such as those in
compressors and the oil system. [4] “Oil contamination in the compressor will result in a
fog of very fine droplets in the bleed air under most operating conditions”, including “with
very low contamination rates..... development of sensors for detecting oil contamination in
aircraft bleed air should focus on ultrafine particle detection and sensing of low
contamination levels may require sensitivity to extreme ultrafine particles 10 nanometers
and smaller.” [6]
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. The ventilation and air purity requirements are not specific enough to ensure suitable
quality of the ventilation air supply. No guidance is given & various AMC used (e.g: SAE
ARP 4418) are used to quantify the concentrations of selected markers for engine/APU
generated bleed air contaminants at steady state conditions only in ground level test beds
and does not look at health effects.

. The focus under the standards for ventilation air supply is placed on incapacitation, while
ignoring to a great degree impairment and discomfort, degraded performance and reduced
efficiency.

. Sufficient amount of uncontaminated air provides the potential for people to focus on the
ventilation flow rate, while ignoring the need to provide air that does not impair/ cause
undue discomfort, harm /hazardous conditions or degraded efficiency etc.

. The requirement to provide air free of harmful or hazardous gases and vapours is often
interpreted to refer to CO, COz and O3 only, yet it ought refer more clearly that this means
all substances.

. The design certification requirements and AMC for the engines/APU require that major
failure conditions do not occur more than 10®/engine flight hour or APU operating hour.
The airframe requirements and AMC require that major effects are remote, less than 1 x
107°/flight hour (fh) - > 1 x 107/fh. Major effects include those that “impair crew efficiency”
or cause discomfort to flight crew or physical distress to cabin crew or passengers. The
use of the bleed air system that enables and guarantees low level oil emissions in normal
flight is associated with impairment, degraded crew efficiency and is considered harmful
and hazardous. This is increasingly acknowledged directly or indirectly. [1,4,7—-20]

. CS 25.831 a) and b) cannot be met using the bleed air system. “The use of the bleed air
system to supply the regulatory required air quality standards is not being met or being
enforced as required.” [1,2]

Occupational exposure limits and similar threshold limits will not protect against harmful
and hazardous conditions from the ventilation supply air. This is widely acknowledged.
[4,12,21,22] Harmful and hazardous effects, degraded efficiency and impairment are
occurring with repeat (chronic) low level exposure to these fluids/substances and the
complex thermally degraded mixtures they create. [4,10,23-25]

. Aircraft using a bleedless architecture will not meet the air quality standards when the
outside air is contaminated by jet engine oils and hydraulic and deicing fluids, such as on
the ground or in flight when the outside air contains these substances.

. There are at present no sensors installed to provide the flight crew with a warning that the
air is contaminated. This is required under CS 1309c as the use of the bleed air system
and a bleedless system when contaminated by outside air (air other than recirculated)
containing the oils and fluids does not meet the required air quality standard of not causing
degraded efficiency/ impairment and harm/hazardous conditions.

These concerns are recognized increasingly widely elsewhere. A Few examples include:
German BFU [26]

* "Engine certification specifications require air purity. This is a general requirement and
does not describe which aim shall be achieved in regard to cabin air. The term "purity”



does not include whether the requirement s to eliminate smells, harmful
concentrations of substances or the hazard of impairing crew capability to act.”

* “The BFU is of the opinion that *harmful concentration” should be interpreted solely to
mean that health impairments (including long-term) through contaminated cabin air
should be eliminated.”

* “The BFU is of the opinion that a product which has received a type certificate by
EASA should be designed in a way that neither crew nor passengers are harmed or
become chronically ill.”

* “During demonstration of compliance in accordance with CS 25, CS E and CS APU,
only a limited number of substances are considered.”

* “For the BFU, it has not become clear, how demonstration of compliance in
accordance with CS 25.1309 in regard to cabin air contamination occurs.”

* “The BFU does not understand how the extensive requirements of CS 25.831 and CS
25.1309 could be met if the certification authority did not conduct a consideration of all
substances used.”

* SR No. 07/2014 “EASA should implement a demonstration of compliance during type
certification of aircraft (CS-25), engines (CS-E) and APU (CS-APU) such that the same
requirements apply to all these products and permanent adverse health effects
resulting from contaminated cabin air are precluded. Aircraft engine and APU type
certification should include direct demonstration of compliance of all substances liable
to cause cabin air contamination. Certification should be based on critical values which
preclude permanent adverse health effects on passengers and crew.”

AAIB: Safety recommendation 2007-002: “It is recommended that the EASA consider
requiring, for all large aeroplanes operating for the purposes of commercial air transport, a
system to enable the flight crew to identify rapidly the source of smoke by providing a flight
deck warning of smoke or oil mist in the air delivered from each air conditioning unit.” [*"%%]
Six similar calls for sensors and warning detection systems have been called for by this and
additional aircraft investigation bureaus.

Austria: GZ. BMVIT-86.069/0002- IV/BAV/UUB/LF/2016

EASA: SE/SUB/LF/9/2016 “The installation of technical monitoring options such as
sensors which determine the composition, or possible contamination of the cabin air, which
routinely record the air in real-time and alert pilots in time, coupled with appropriate filtering
systems, should be mandatory for aircraft using bleed air from the cabin air power
engines.”

Changes required:

CS 25.831 requires very extensive consideration. The standard as it is is no longer suitable
for aircraft air supply systems to ensure people remain free of harm, hazards, impairment or
degraded performance/efficiency. There are no detection systems to advise crew when the air
is contaminated. The same applies to the standards and AMC related to engine and APU
generated air supply contamination.

Specific text in the interim should be amended to include the intent of the following points.

« At least one meaningful marker per contaminant is required to meet CS-25 25.831 a)
and b) both on the ground and in flight in real time. Minimum contaminants to be
covered are engine oil, hydraulic oil and de-icing fluid. Levels selected must use the
best available technology to determine when the air contains such marker compounds



at the lowest possible concentration. A warning system must be supplied to the flight
deck.

Part a) should be amended “to enable the crew members to perform their duties
without undue discomfort, impairment or fatigue and without degraded crew
performance or efficiency, and to provide passenger comfort with clean air supplied
that does not cause adverse effects.”

Part b) should be amended to “Crew and passenger compartment air must be free
from harmful or hazardous concentrations of gases, vapours and pyrolysed mixtures,
including those that cause adverse effects.”

A clear paragraph on AMC how sufficiently uncontaminated ventilation air supply can
be demonstrated must be included.

If the ventilation air supply cannot be guaranteed to be free of gasses, vapours and
mixtures, an alternative system must be introduced or air cleaning technology must be
implemented.

Susan Michaelis PhD, MSc, ATPL
For GCAQE
16/9/18
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