AEROSPACE AIR4495™
wrernationa. | INFORMATION REPORT lssued 1993.05

Reaffirmed 2023-02

Helicopter Powerplant Corrosion Protection

RATIONALE
AIR4495 has been reaffirmed to comply with the SAE Five-Year Review policy.

FOREWORD

Extensive use of helicopters in a wide range of environmental conditions, military
or civil applications, has driven manufacturers and operators to pay greater
attention to corrosion detection/protection on airframe and engine components,
including accessories, when they are subjected to adverse operating environments.

Component design, choice of materials, methods of simulation for engine bench test
and development of suitable maintenance procedures are the different subjects
which should be carefully addressed to successfully manage operation in a
corrosive environment.

1. SCOPE:

This SAE Aerospace Information Report (AIR) describes the different aspects of
corrosion on helicopter powerplants, on the components that are affected, and

the subsequent consequences on the helicopter, engine durability, performance,
and dependability.

Guidelines that minimize corrosion during the design stage and during service
operation are also discussed.

2. REFERENCES:
2.1 U.S. Military Publications:

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins
Avenue, Philadelphia, PA 19111-5094.

MIL-STD-889B Dissimilar Metals
MIL-E-8593 Military Specification, Engines, Aircraft, Turboshaft and
Turboprop, General Specification for
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2.2 FAA Publications:

Available from Federal Aviation Administration, 800 Independence Avenue S.W.,
Washington, DC 20591.

Federal Aviation Regulation (FAR) Part 33 Amendment 13, August 1990

2.3 Other Publications:
Joint Airworthiness Requirements - Engines (JAR-E) Change 8, 4 May 1990

DEF-STAN-00-971, 29 May 1987, General Specification for Aircraft Gas Turbine
Engines

RTCA D0O-160B/EUROCAE ED 14B - Environmental Conditions and Test Procedures
for Airborne Equipments, 1985

3. DESCRIPTION OF THE CORROSION CONDITIONS:

Helicopters usually fly close to the earth’s surface where the atmosphere
contains a greater concentration of potentially corrosive particles.
Therefore, helicopter powerplant installations are usually more exposed to
corrosion than fixed wing powerplants (except for dedicated military naval
utilization).

Corrosion currently develops under salt laden atmosphere operation (i.e.,
flight over the sea or inland close to the shore). It may also occur under
various sets of ambient conditions and types of missions. The degree of
corrosion depends upon the combination of a wide range of ambient conditions
and mission profiles. In addition to the concentration of salt in the air,
the duration of exposure and the cyclic exposure are major contributors.

The duration of the mission, the location of the operating base where the
helicopter is stationed between missions, and the maintenance equipment
available play an important role in development of corrosion.

Up to the 1970’s, design considerations for specific prevention of corrosion
were devoted mostly to military navy applications. So called "marinized"
version of engines were developed from existing standard engines.

With the development of large offshore commercial helicopter operations for
0il rig support, special attention is needed to corrosion effects during any
helicopter engine design. This applies for the entire range of engine sizes
because Tight, medium, and heavy helicopters are used for these missions.

In addition to navy and offshore oil rig operations, intensive low altitude

flights over highly industrialized urban areas are also potentially conducive
to corrosion.

Documents

Document Sharing Hub

Full document details: SAE AIR4495


http://www.avadocuments.com/doc/sae-air4495
http://www.avadocuments.com/doc/sae-air4495

SAE INTERNATIONAL AlR4495™ Page 3 of 11

4, DESCRIPTION OF CORROSION EFFECTS:
There are four major types of corrosion:

a. Surface corrosion, which is a chemical process.

b. Stress corrosion, which is a combined chemical and mechanical process.
¢. Fretting corrosion, which is a mechanical process.

d. Galvanic corrosion, which is due to contact between dissimilar metals.

This AIR addresses surface, stress, and galvanic corrosion but does not deal
with fretting corrosion because it is a mechanical effect between two
components in close contact where micro or tiny movements may cause material
pitting. Localized corrosion may occur, which may look 1ike corrosion caused
by ambient conditions.

The following paragraphs address only generalities of the subject because a
large bibliography exists on these topics.

4.1 Surface Corrosion:

Corrosion can occur on the surface of components which are surrounded by the
ambient atmosphere. Some of these areas where corrosion occurs are the outer
parts of the engine casings, the accessories fitted around those casings, and
the inner airflow path of the engine.

Entrapment of fine sand particles in engine components can also be a source
of corrosion.

The outer surface of casings and the accessories within the helicopter engine
compartment are in contact with the air supplied by the compartment
ventilation. Due to the shape of engine equipment, and recessed areas, air
does not circulate freely and moisture becomes trapped.

Components which are in the airflow path such as the air intake duct,
compressor blading, combustion liner, turbine blading, and inner surface of
casings may be affected by corrosion. Even with a lTow corrosive particles
content, the exposure is significant over a complete mission and during the
life of the components as the air mass flow ranges from approximately

1.5 kg/s for small engines up to 14 kg/s for very large engines.

The corrosion consists of the degradation of the metallic components into
complex oxides. Near room temperature, this degradation mainly occurs
through electrolytical reactions and the possible contact of dissimilar
metals leading to an acceleration of the corrosion. In the hot sections of
engines, the mechanisms are specific and hot corrosion is generally called
"sulfidation". The deciding agent is sodium sulfate formed from sulphur
(fuel) and sodium chloride (sea atmosphere).
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4.2 Stress Corrosion:

Stress corrosion occurs on components which are subjected to sustained
tensile stress. These are mostly rotating components which are in the
airflow path.

As opposed to surface corrosion, stress corrosion initiates and propagates
cracks. This particular process is dangerous because the extent of damage is
not as apparent as with surface corrosion.

Stress corrosion generally occurs on engine components which operate in the
low or medium temperature range. Examples are compressors and attachment
parts.

The damage under stress corrosion should be considered as a propagation
phenomenon in an aggressive media starting from surface damage. This damage
may be very small and very often from a single superficial corrosion point.

4.3 Galvanic Corrosion:

Galvanic corrosion is a well known effect of dissimilar metals which form an
electrical couple and have a tendency to corrode in contact with an
electrolyte such as salt laden atmosphere. This type of corrosion occurs on
connectors and accessories where dissimilar metals may be used.

5. EFFECT ON COMPONENTS:
5.1 Rotating Engine Components:

The major effect of corrosion on engine rotating components is the reduction
of the 1ife on those components. Low cycle fatigue on discs could cause them
to burst if the corrosion damage is not discovered in time by maintenance
inspection.

The corrosion may either initiate a crack from a surface corrosion defect
which develops (e.g., under engine start-stop sequences, or from stress
corrosion in a recessed area on the surface which develops under static
stress). This may happen on rotor discs, compressor or turbine shafts,
labyrinth seals, etc.

To evaluate the sensitivity of materials to stress corrosion, laboratory
tests of stressed specimens in salt spray environment are carried out to
determine the K1 scc (K1 stress corrosion concentration) factor.

These effects are major because their consequences relate to aircraft safety.

As such they need to be looked at very carefully at the different stages of
the engine 1ife from design to service.
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