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PREFACE

lbe degadation of avionics system through corrosion has become a costly problem in miliutar aircraft; the high failure
rates ateibuted to co rosion suggest that equipment as not being designed for or teated in environments likely to be encountered
OnI Operations.

The Structu s and Maerials Panel held a Workshop to examine the extent of this problem; the aims were

(a) to make the AGARD community aware of the extent of the problem

(b) to ascertain from designers and materials specialists the state-of-the-art in devising protection schemes applicable to
avionics

(c) to encourage further development work on new protection products, procedures and techniques

(d) to determine the prospects for the substitution of non corroding composite materials for metallic materials in
avionics

(e) to consider preventive maintenance programmes for corrosion avoidance.

This document contains the keynote and other presentations made to the Workshop.
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ABSTRACT

This document contains the keynote and other presentations made at a Worksho" held by the Structures and Materials
Pae on Avionics Cooo. The discussion covered the problerms extent, the state of the corrosion-prevention art. the
prospects for innoative corrosion avoidance techniques including the substitution of uon-metallic for metallic materials and
Preventive rminteaince techniques.

Ce docuumt contient lea documents cf anm que d'autres eaposds. prdsetds au cows de l'Atelier organis par it
Groupe hamri des Stiuctures at des Matdrimx star Is corrosion affectant l'avionkiqu. La discussionsa porti &ur t'ensemble du
proiblme, star ldta actucl do Ib technique coecenmtant In privention do Is corrosion, star les perspectives en matiar de
techniques innovatrices permetant d'Eviter Is corrosion, y compris le remnplaccement do matdrisux mndtalliqucs par des
maotisux non-mndtalliques, cc les techniques do masintenance prdventive
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AVIONIC CORROSION

Irving S. Shaffer
Naval Air Development Center
Warminster. PA 18974-5000

USA

V SUMMARY

The paper will dscuss'the major causes of corrosion in the Navy's avionic

S equipment and providasspecific examples of corrosion failures. aintenance and
readiness data sumaries i-l--be..included to denote further the corrosion problem
severity. Corrective measure ndesign, testing and maintenancelwL-1-b4 reviewed.

:/ , INTRODUCTION -

In today's sophisticated naval aircraft, the avionic systems represent 30-50% of
the cost of the total weapon systems and their performance is critical to the overall
mission capability. Consistently however, the reliability of such equipment when it is
deployed in fleet service is significantly below that predicted during the design and
demonstration phases. There are military specifications, standards and handbooks that
describe design characteristics of various components that are to be used in new

avionic equipment. Also, there are laboratory tests designed to demonstrate the
capability of the assembled equipment to meet prescribed requirements relative to
shock, vibration, malt spray, temperature, SMI, and other characteristics that can be
quantified and measured. These design And test requirements, however, have not been
adequate to preclude the recurring increased failure rates when equipment is operated
and maintained in the naval environment.

Investigations conducted during the past ten years have increasingly identified
corrosion as a major unforeseen degradation factor for electronics placed in the naval
aircraft fleet environment. While fleet conditions are difficult to duplicate in a
laboratory, it is possible to minimize equipment susceptibility through enlightened
design - once the causal factors are recognized and understood. On-site surveys (1)
of front line combat aircraft have concluded that the significant design factors
contributing to corrosion are; poor resistance to moisture intrusion, numerous
unnecessary matings of dissimilar metals, and fluid conduits within the airframe.

NOISTURE AND~ PLUID INTRUSIONI
Avionic equipment, whether internal or external to the aircraft, on the repair

bench or in storage can be susceptible to conditions such as changing temperatures and
pressures, varying humidity, dust, dirt and industrial pollutants in the atmosphere.
In addition the Navy's aircraft carrier environment exposes sensitive electronics to a
combination of moisture, acidic deposits from stack gases, jet engine exhaust, and salt
spray. The equipment that suffers the most from these environmental effects are those
mounted external to the airframe such as; antennas, electronic countermeasure pods,
photographic pods and lights. There are many situations where avionic devices are
installed behind doors and panels that leak during flights through rainstorms or on low
level flights over water. If the integrity of the airframe is less than perfect during
rainstorms, fresh water washdowns can be equally hazardous. High pressure washing units
deluge the aircraft with tremendous amounts of water in a short time. Two prime
examples of susceptibility to this condition are the clamshell doors on helicopters and
radomes on fixed wing aircraft. These doors and radomes leak like sieves when the
gaskets become worn or damaged. In addition, exhaust fan inlet ducts, ram air cooling
ducts, and vapor exhaust ports that are designed without a self-sealing mechanism
become excellent access areas for water and mositure intrusion. Helicopters, in
particular, are designed with minimal consideration for the operational environment.
There are numerous flight scenarios that require cockpit windows and cabin doors to be
open. Numerous cases exist where control boxes and communication equipment are mounted
aft, or below, the door and window openings, allowing water to enter the equipment.
Figure 1 provides an excellent example of the effects of water intrusion. This severely
corroded poaier supply sub-assembly, mounted in the turtle back area behind the cockpit
on the A-6 aircraft, was victimized by frequent water intrusion soakings.

The external bulkhead electrical connectors, external wire and cable runs, antennas
control linkages and other such areas where the shell of the fuselage is penetrated can
become potential sources for moisture and fluid intrusion. The list of airframe
integrity problems relative to water intrusion during flight is extensive.

Besides the water intrusion problems occurring during flight, airframe integrity is
compromised also in the maintenance periods. Many additional problems are encountered
while aircraft are parked on the flight deck. In general during the majority of their
ground time aircraft are opened up or unbuttoned to some degree. The need for canopies
to be open during certain maintenance functions produces situations where rain and salt-
spray may soak cockpit avionic components. The removal of a wavequide or a doppler or
AD? antenna from the aircraft exposes the supporting electrical connectors, harnesses
and cables to the environment. The troubleshooting of radars on fighter and attack
aircraft may require the radomes to be open for hours on end, continually exposing the



1-2

equipment to rain and salt-spray. The same is true during troubleshooting in avionic
bays and compartments.

Environmental control systems add another insidious facet to the overall problem
of moisture and fluid intrusion. These systems are not operated on a round the clock
basis. The avionics are protected while the environmental control system is supplying
conditioned air during flight and then are exposed to a completely different and
harsher environment during the more extensive time spent on the ground. The equipment
becomes particularly prone to water condensation when the aircraft after sitting for
long periods of time on a hot carrier deck undergoes rapid changes in temperature at
flight altitudes. Moisture condenses on cooled surfaces, during flight, and then is
trapped until natural evaporation mechanisms take over during down time.

After moisture or fluids enter an airframe or avionic compartment it may follow
a natural conduit directly into a sophisticated piece of avionic equipment. Hydraulic
and fuel lines, control surface linkages, oxygen lines, waveguides, structural stringers
and electrical wire/cable runs act as natural conduits to moisture and fluids. It is
common to find that antenna and radars mounted in the lower fuselage are adversely
affected by moisture intrusion which runs down the antenna coaxial cable and/or wave-
guide that carry the signals to and from the equipment. As these cables and waveguides
pass through deck plates and bulkheads, where water is present, they act as conduits
carrying the fluid into the connectors attached to the equipment.

THE EFFECTS OF CORROSION ON AVIONIC COMPONENTS

The avionic systems on aircraft are not isolated 'black boxes' sealed against the
environment. There are many components, relays, terminal boards, circuit breaker panels,
switches, lights, etc. that make up a complete system. In addition, a sophisticated
aircraft may contain miles of wire and coaxial cables and hundreds of electrical con-
nectors. Corrosion attack on the various elements that make up the total avionic
systems can create numerous problems in relation to reliability and maintainability.
Table I summarizes the effects of corrosion on avionic components.

Antennas are the most corrosion prone components in the Navy's airborne electronic
systems. The problem of antenna corrosion have become more severe in recent years due
to the increased number of avionic systems which has created the need for many addi-
tional antennas per aircraft. Corrosion of antennas and associated hardware can cause
degradation in system performance through shorts, open circuits, signal attenuation,
electromagnetic interference (EMI), or structural damage to the aircraft. Antenna
installations show a consistent pattern in the extensive use of dissimilar metals, a
lack of consideration during design to the problems of moisture and fluid intrusion,
and inconsistencies in the maintenance materials and procedures provided on like
antennas installed in different aircraft types. These, problems when considered
collectively, have created both system reliability degradation and a significant
consumption of maintenance manhours. Antenna and antenna mount corrosion is especially
comon to pressurized aircraft, and this is particularly true to lower fuselage
installations. When the aircraft is pressurized, various liquid contaminants,
including toilet leakage, oil and hydraulic fluid, are forced into any crack, crevice,
or fitting available; and there, awaiting destruction, is the inverted antenna bottom
and antenna-mount fasteners together with cable connectors. The lower fuselage
antennas of non-pressurized aircraft are subject to the same problems. Corrosion just
takes a little longer. Upper fuselage antennas are subject to infiltration of electro-
lyte through condensation and aspiration.

In an attempt to alleviate the antenna corrosion problem, a program was undertaken
to determine improved corrosion preventive materials and processes. Representative
antenna installations were selected for a fleet evaluation of these maintenance
procedures. A test plan was developed that provided the guidelines for conducting the
fleet evaluations to assess the effectiveness of these materials and processes. Under
Commander, Air Force Pacific (COMNAVAIRPAC) and Commander, Air Force Atlantic
(CONNAVAiUMIT) sponsorship and in coordination with the appropriate Fleet Wings, the
test plan maintenance procedures and material applications were applied to various
types of aircraft antennas. The test period covered 180 days.

The antenna installations selected for evaluations are listed in Table 2. The main
basis of selection was that the antennas should represent the different types each with
its own distinctive corrosion problems. For example, the P-3 HF Long Wire antenna is
subject to corrosion and arcing due to water intrusion into the tensioner assembly and
the insulator; the H-46 radio antenna has a whip antenna mounted on the lower skin that
has a particular problem due to water entrapment around the electrical attachment
inside of the fuselage; and the A-7 Lower TACAN/IFF antenna has a major problem due to
the presence of water and other fluids in a bathtub-like area where the coaxial lead
penetrates the fuselage skin to the antenna. Similarly, the H-3 No. 1 UHF/Con Normal

llowar) and Alternate (upper) antennas are skin mounted and require a conductive gasket
betwee he antenna base and the skin. These antennas are subject to the same moisture
i ntmieo as the A-

7 
aircraft, yet the A-7 installation requires no conductive gasket.

-pplerhas 8particularly bad problem because that portion of the antenna
=mr to the airaraft is located in the fuselage low point area and, therefore, sub-

. bt td a variety of standing fluids.

I I.
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Table 2, also, lists the corrosion maintenance data for the selected antenna. The
list contains the total maintenance actions reported total related corrosion main-
tenance actions and corrosion percentage. The numbers are based on the corrective
maintenance actions performed at the first two levels of maintenance; the organi-~zational or squadron level and the inter~mediate level. The numbers z-fleet the

magnitude of the corrosion problem in these antennas. The corrosion maintenance
actions attributable to corrosion damage range from 11 to 85%.

Selections of materials for this fleet level corrosion control were based on the
following considerations:

1. There should be no detrimental effects on the operation of systems or
components.

2. They should possess demonstrated effe tive corrosion preventive properties.

3. Insofar as possible, they should be materials that presently are available
in the Naval Aviation supply system.

During the implementation of the test program these procedures were applicable
to any of the rigid type antenna bases (blade, whip, or long wire mast base). The
step-by-step actions for cleaning, application of corrosion preventives and sealing of
these antenna bases were:

a. Removed dirt, oil, and grease from contact surfaces of the antenna and
aircraft skin using cleaning cloth dampened with dry cleaning solvent.

b. Removed minor surface corrosion with an abrasive mat.

c. On areas where the corrosion products were abrasively removed, applied
Chemical Conversion Coating, MIL-C-81706, Class 3, to the bared surface. The Class 3
material was used because it provides a thinner coating with lower electrical
resistivity.

The procedure is applicable to the A-7 aircraft lower tACAN/IFF antenna, shown
in Figure 2, and was evaluated on two A-7E aircraft.

Since the A-7 lower tACAN/IFF antenna installation did not require a conductive
gasket, the following mounting procedures were used:

a. Removed anodize on screw countersink areas of antenna base in order to provide
good electrical conductivity from the base to the screws.

b. Applied Chemical Conversion Coating, MIL-C-81706, Class 3, on bared counter-
sink areas.

C. Applied an even coating of Corrosion Preventive Compound, MIL-C-16173, Grade
4, on both the aircraft skin surface and the flat side of the antenna base which mates
against the aircraft skin. The Grade 4 material is a soft, tacky to the touch,
coating when it dries and has been used for many years as a general preservative on
naval aircraft.

d. Conducted electrical resistance test to check for a good grounding connection.
The grounding specification requires the resistance not to exceed 0.. ohms. (The
milliohimeter reading for these antenna installations were both 0.02 ohms.)

a. Applied a fillet of corrosion inhibited polysulfide sealant, MIL-S-81733,
Type II, around the outside of the antenna base on one aircraft and a fillet of MIL-S-
8802 polysulfide sealant without inhibitors on the antenna on the other aircraft to
form a watertight seal.

f. Covered the fastener heads with Corrosion Preventive Compound, NIL-C-161?3,
Grade 4.

Corrosion inside of an antenna coaxial connector is a principal cause of antenna
performance degradation (Figure 3), Therefore, the cleaning and preserving of the
antenna connectors is important to reduce the effects of moisture intrusion. Through-
out the test program the cleaning and preserving of these connectors were accomplished
during the various installations by the following procedures:

a. With the connector sections mated, corrosion was removed with an abrasive mat.

b. Connectors were opened and internal sections were cleared.

c. The internal areas were sprayed with a water displaying corrosion preventive
compound NIL-C-81309, Type III. The MIL-C-$1309 material forms an ultra thin tacky
(soft) film that is designed so that it is displaced by the wiping action of a sliding
electrical contact, yet the film is self-healing (reforms) in non-contact areas after
displacement. The resultant lack of disruption to DC continuity through the male/fe.?
type of connections due to the NIL-C-91309, Type III, film has been well established.

J4



1-4

d. The Tonnectors were then mated and a coating of another water displacing
corrosion preventive compound, NIL-C-85054

5
, was applied to the exterior surface of the

connector. This material dries to a relatively thick (I to 2 mile) hard, clear finish
and has been used successfully on navair aircraft to protect exterior skin surfaces in
areas where paint has chipped or cracked leaving exposed bare metal.

From the reports submitted by the designated fleet squadrons at the start, at the
26 days inspection intervals, and at the completion of the evaluation when the
antennas were removed the following results were summarized.

a. Throughout the 180 day evaluation, all the test items were reported from
excellent to satisfactory, and none showed evidence of corrosion or problems with the
materials used.

b. All reports indicated thatthe solvents, cleaning materials, and other main-
tenance chemicals, had no effect on the sealants or corrosion preventive materials
applied to the test items.

c. Throughout the evaluation period, there was only one reported failure. This
was on the ADF antenna on the SH-3H helicopter. The failure was discovered during
troubleshooting of a discrepancy in the system. When the antenna was removed approxi-
mately 3 ounces of water ran out of the antenna installation area. No corrosion,
however, could be detected on the antenna and there was no indication that the presence
of this water was the cause of the functional failure of the ADF antenna.

Upon removal of the A-7E lower tACAN antenna it was observed that a combination of
fluids, mostly hydraulic oil and water had collected on the internal contact surfaces,
however, the corrosion preventive compound MIL-C-16173 Grade 4 prevented the fluids
from affecting the antenna and the aircraft mounting area. There were no visible signs
of corrosion.

When the antenna connectors were disconnected they were in the same condition as
when they were connected at the beginning of the evaluation period. There was no
evidence of external connector corrosion. As Figure 4 shows the antenna coaxial
connector appears to be clean after the six month test even through fluids and foreign
matter from the inside of the aircraft are all around the base of the connector.

While it is significant that corrosion was prevented, no method evaluated was able
to seal the lower fuselage skin opening through which the co-ax cable connects to the
antenna. In many installations there is no practical access to the skin opening from
the inside of the fuselage, hence sealing around the coax cable after the antenna was
installed could not be done. In such cases, sealing around the outside base of the
mounted antenna stopped moisture intrusion into the antenna base to skin interface from
only one of the two possible entry areas.

SPECIAL COAXIAL CONNECTOR TESTING

Special testing of coaxial connectors was conducted 6 to assure that the MIL-C-81309
type III water displacing corrosion preventive material used on the internal contact
areas would cause no detrimental effects. Traditionally no preservatives have been used
inside of a coax connector because of fears that any foreign material would alter the
characteristic capacitance created by the spacing and insulation between the inner and
outer conductors. This characteristic is particularly critical in those lines for which
changes in capacitance is used as a sensor in the system-such as in a capacitive type of
fuel quantity indicating system. Any change in the dielectric between the inner and
outer conductor also can affect the impendance of an antenna line (connector).

Special tests with relatively sensitive measuring equipment were made to determine
the electrical (RF transmission) effects incurred by the use of MIL-C-81309, Type III,
Water Displacing Corrosion Preventive Compound in coax connectors. The tests were
conducted using TDR (Time Domain Reflectometry) and FDR (Frequency Domain Reflecto-
metry) equipment to sweep a coax assembly over a frequency range. Two runs were made on
the line/connector read assembly with no corrosion preventive applied to determine the
repeatability of the test. Following that, runs were made with MIL-C-81309, Type III,
Class 2, applied to both sections (male and female) of the contractor. No attenuation
of signal or change in characteristic impedance resulted from the presence of NIL-C-
81309 material in the coaxial connectors over the frequency range measured.

Considering the large number of electrical connectors in a modern aircraft,
connector water and corrosion damage cause some of the most costly repairs in the Navy's
avionic maintenance business. The major problem with connectors is that of water
intrusion or fluid contamination that causes corrosion, insulation damage, short
circuits, fire, signal loss or intermittancy, wire failure through insulation and/or
connector damage and grommet seal swell or shrinkage.

Connector shell corrosion occurs when protective finishes are damaged and expose
the base metal. Visual inspection of the outer surface of connectors is not always a
good indication of their condition. Many connectors that outwardly appear acceptable
are in fact heavily corroded internally and are impossible to decouple without
component damage.

------------------- mmmmmmmmmm •mm
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The use of a thin electroless nickel plating over 6061 aluminum on connector
shells has caused serious corrosion problems as shown in Figure 5. Cracks develop in
the nickel plating and when the surface is wet a galvanic cell is created with the
aluminum corroding sacrificially. Figure 4 illustrates the effects of this galvanic
corrosion on two coaxial connectors.

In an attempt to correct this problem, Jankowski 7 evaluated coatings for
electrical connector shells. The effort led to the use of a duplex nickel-cadmium
plating, which, while not preventing corrosion, does provide improved corrosion
protection. The use of water displacing corrosion preventive compounds provides
additional protection. The use of non-metallic connector shells, however, represents
an approach which may completely eliminate this problem.

New developments in injection molded reinforced polymeric materials make them
viable candidates for connector applications, avionic enclosures and fittings. Ease
of fabrication and promising mechanical properties are some of the reasons these
materials are attractive alternatives to metals. Additionally, these resins can be
reinforced with chopped conductive reinforcements such as graphite, metallized
graphite and stainless steel to provide electrical conductivety and EMI shielding.

8 
9 10

Secondary schemes such as metallic coatings and platings can be utilized to supplement
shieldings from conductive reinforcements. Connectors with shells fabricated from a
40% graphite chopped fiber reinforced polyphenylene sulfide thermoplastic composite
material were installed in the right wheel well switching assembly on four F-14 air-
craft in September 1983. This connector performp a non-critical function in the
counting accelerometer system and due to its location is exposed to the severest
environmental conditions. After more then three years of exposure to the service
environment that there is no evidence of deterioration, as shown in Figure 6, and no
electrical problems have occurred and no maintenance has been performed on any of the
connectors.

Some 40-50% of the weapon removal assemblies removed from an aircraft for cause
are returned to a servicable condition by printed wiring board reseating. In a sense,
reseating is a form of localized cleaning of corrosion from edge connectors. The
vulnerability to this failure mode for the typical blade plug-in type of edge connectors
is dependent upon the positioning of the PWE within the equipment and the severity of
the environment within the equipment. PWBs mounted horizontally are especially sus-
ceptible to accumulations of dust, dirt, debris, moisture condensation and spillage.
Vertically positioning PWBs minimizes such an accumulation of contaminants on the
board (and allows better convection cooling). From a corrosion and reliability .Cand-
point, the poorest location for edge connectors on a vertically mounted PWB is along
the lower or bottom edge. Moisture and hygroscopic debris will collect along this edge.
There are a number of instances, where, due to inadequate housing drainage, the lower
edge of the PWBe and the edge connectors have been immersed in standing water. It is
recognized that, from a convenience viewpoint, it is very handy to be able to remove
a lid, lift out a PWB, and drop in (pressing down to seat) the replacement PWB. To
minimize susceptibility to corrosion, however, the PWB edge connectors should be
mounted on a vertical edge or the back of the board - not the bottom.

Normally, equipment bay doors must maintain r.f. and d.c. electrical continuity
between the door and the surrounding airframe to prevent EMI (electro-magnetic inter-
ference) both from entering installed equipment as well as radiating externally to the
aircraft from the installed equipment. Because of the large size of most equipment
bay doors, very close spacing of fasteners as a means of controlling EMI becomes
impractical due to maintainability penalties. Indeed, the space between fasteners can
act as a slot antenna greatly increasing the EMI problem.

To prevent EMI leakage, conductive gaskets are often used to provide the con-
tinuity needed to preclude the passage (in or out) of r.f. or other forms of radiated
energy. The conductive EMI gaskets achieve their conductivity by metallic particle or
mesh embediment in the gasket or seal. Frequently, this embediment is a dissimilar
metal that is very cathodic to the door and airframe skin. Typically, silver, copper
or graphite has been placed in electrical contact with aluminum skin. The products
of this corrosion are insulative and severely degrade the electrical effectiveness of
the EMI gasket. The wire mesh embediment type of gasket also can be subject to
wicking of moisture along the embedded strands with resultant corrosion. The inclusion
of the conductive materials in the elastromeric gasket degrades the capability of the
gasket to perform the sealing function, and the mating of the highly conductive metals
to the aluminum housing, doors, aircraft skin, etc., creates bimetallic couples that
will severely corrode (and destroy the EMI function) if the seal is less than perfect.
In short, the two functions being attempted with an EMI gasket appear to be mutually
incompatible.

A possible solution to this problem is the application of water-displacing
corrosion preventive compounds such as NIL-C-81309, Type III, on the exposed aluminum
surfaces where the EMI gasket metallic particles can penetrate the compound so as to
maintain the integrity of the system. This method requires reapplication of the com-
pound each time the integrity of the seal is broken. This puts the burden of continued
reliability on the repair technician. A gasket configuration with separate provisions
for the EMI and the environmental protection requirements is the best technology avail-
able at the present time. This requires an environemntal gasket on both sides of the
EMI gasket. Assure the outside protective surface finishes go around the corners and
under the environmental gasket. I

4!
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CORRION PREVNTION

When an avionic corrosion prevention/control program was established by the Naval
Air Systems Command, a major emphasis of the program became the preparation of a Flot
maintenance manual. The lack of preventive maintenance guidelines had been recognized
as a contributing factor for the high maintenance requirements for airborne elec-
tronics. In ay 1978, NAVAIR 16-1-540, Avionic Cleaning and Corrosion Prevention/
Control Manual, was issued to the Pleat. The manual provides instructions for
inspecting for and recognizing .;orrosion in its early stages and identiflefs materials
and procedures necessary for cleaning and corrosion control. The manual revised in
1981 has been adopted by the U. S. Air Force and Army as a tri-service document.

A prototype cleaning facility was established to evaluate the effectiveness of
various cleaning methods for avionic equipment. The results of this study determined
the optimum types of cleaning and corrosion emoval equipment to be supplied to the
maintenance activities for use on avionics.l'

Since the best and ultimately least expensive time to stop corrosion is at the
design stage, a program was initiated to devel p a designers' guide for avionic
corrosion prevention and control. The design 

3
guide titled, "Design Guidelines for

Avionics Corrosion Prevention and Control" was written and issued as NAVNAT P 4055-2,
June 1993. The guide identifies critical design features, structural configurations,
materials, material combinations and inadequate corrosion protection methods that have
led to poor reliability and high maintenance requirements for avionic equipment placed
in the Navyts severe operating environment. This guide is intended to provide an
awareness of the corrosion problems that develop on the Navy's equipment and provide
design methods that can be used to avoid or minimize them. It is not to be the intent
of this guide to dictate design criteria, but to document current corrosion problems
so that they may be considered and avoided in the future.

CONCLUSIONS

Corrosion and environmental degradation being natural phenomena will never be
eliminated, but it is reasonable to expect that the problems that do develop in the
avionics systems in the future can be less severe and better controlled than those
presently being encountered. Mowever, this goal can be achieved only through an
aggressive technological effort directed towards the understanding of failure mocha-
nisms, development of rw improved corrosion control materials and methods, and the
prudent utilization of innovative protection technology in the design, manufacture
and service life of the avionics equipment.
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TABLE 1* EFFECTS OF CORROSION 0U AVIOMIC COMPONITS
CONENT FAILURE NODE

ANTENNA SYSTEMS Shorts or changes in circuit constants and
structural deterioration.

CHASSIS, OUSING, COVERS, AND Contamination, pitting, lose of finish and
NOUNTING FRES structural deterioration.

SBOCK NOUN" AND SUPPORTS Deterioration and loss of shock effective-

CONTROL BOX NEOMANICAL AD ELECTRICAL IntermLttetoperation and faulty frequency
TUNING LIKAN MID NOTOR CONTACTS selection.

WATER TRAPS Structural deterioration.

RELAY AND SWITCHING SYSTEMS Nechanical failure, shorts, intermittent
operation and signal loss.

PLUGS, CONNECTORS, JACKS AND RECEPTACLES Shorts, increased resistance, intermittent
operation and reduced system reliability.

MULTI-PIN CABLJ CONNECTORS Shorts, increases resistance, intermittent
operation and water seal deterioration.

POWER CABL.8 Disintegration of insulation and wire/
connector deterioration.

DISPLAY LANPS AND WING LIGHTS Intermittent operation, mechanical and
electrical failures.

WAVEGUIDES Loss of integrity against moisture, pitting,
reduction of efficiency and structural
deterioration.

RADAR PLUMING JOINTS Failure of gaskets, pitting and power loss.

PRINTED CIRCUITS AND NICROMINIATURE Shorts, increased resistance, component and
CIRCUITS system failures.

BATTERIES High resistance at terminals, failure of
electrical contact points and structural
deterioration of mounting.

buS BARS Structural and electrical failures.

COAXIAL LINES Impedance fluctuations, loss of signal and
structural deterioration of connectors.

TABLE 2. ANTEN CORROSION CORRECTIVE MAINTENANCE

Total Total Corrosion Percent

Aircraft Nomenclature Maintenance Actions Maintenance Actions Corrosion

A-7 Lower TACAN/IVP 281 240 85%

S-3 No. 1 UNF/Com 15S 103 66%
Inormal)

H-3 No. I URF/COWN 5 33 571

(alternate)

P-3 Long Wire DF 106 21 11%
Sensing

3-46 Long Wire DF 133 28 21%

Sensing

B-3 Receiver Trans- 653 139 21%

mitter (Doppler)



FIGURE 1. CORRODED A-6 POWER SUPPLY SUBASSNELY

FIGURE 2. A-7 LOWE TACAN/IFF ANTENNA
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FIGURE 3. CORROSION ON LOWER TACAN/IFF ANTENNA COAXIAL CONNECTOR

E cv
!IAL p

FIM 4. CORROSION PROTECTION RESULTS OF LOWER TACAN/IFF ANTENNA
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FIGURE 5. GALVANIC CORROSION OF NICKEL PLATED ALUMINUM COAXIAL CONNECTORS

FIGURE 6.* COMPOSITE CONNECTOR ON 1-14 RIGHT' WHEEL SWITCHING ASSY
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COROiSION OF ELECTRONIC COMPONTS

by

l i Dr bill Dobbs

Electrnic Failure Analysis Group
Air Force Wright Aeronautical Labortoriel/Materiols Laboratory

Wright-Patterson AD 06 45433-6533
USA

noe materials uabiN Electronic Failure Analysis Group supports iWI. -ti Fovi elec-

tronic systems in the arsee of materials and umnufecturing processes. It h8 been established
Sthat a large majority of electronic failures are caused by materiels and manufacturing process

defects. We have found that corrosion of electronic components is the cause of failure in about
202 of the ito submitted to us for investigation.

Airframe corrosion prevention joquirements are well specified by MIL-STD-1568. NIL-STD-
1587. T.0. 1-1-2, and NIL-STD-89. -It would be beneficial to the Air Force if corrosion pre-
vention in electronic systems were reoe, well documented. Existing documents, ouch as T.0.
1-1-689 and DAVAIR 16-1-540. are a step in the right direction. However. compulsory MIL speci-
fications should be applied to Air Force electronic corrosion prevention. This is essential
becaue corrosion in Air Force electronc systeme contributes significantly to system failure.

Failure analysis investigationsc, which e have been cose rsmed incu aircraft circuit
breakers, an antenna, printed wiring boards, a fuse, a linear steering position transducer. a
stepper motor, an accelerometer, a disk recorder head, and electrical counectorstwtift b pro-
sented. The cause of failure -ff-b Identified and possible means of preventing similar
failuresi - presented.

I. INTRODUCTION

The Electronic Failure Analysis Group of the Air Force Wright Aeronautical Laboratories'
Materials Laboratory has investigated a large number of electronic and electrical failures. It
has bean established that about eighty-thre percent of these failures are caused by materials
and manufacturing process defects. Also, it has been verified that about twenty percent of the
failuree are caused by corrosion problems.

ZI. ANALYSIS TECHNIQUES

Hoisture and contamination penetration into electronic systems has many detrimental
effects, corrosion being one of these. In mots electronic systems the geometries have been
minimized for faster signal processing and higher density. This means that most metallizations
are thin, or small in cross-sectional area, and that the individual metallizatons are close
together. In systems such as this, trace amounts of moisture end contamination my cause system
failure. It the aluminum metallized surface of an integrated circuit is contaminated and if
moisture is present, a slight amount of corrosion may result in an open integrated circuit
conductor. This extreme sensitivity requires special caution when dealing with corrosion in
electronic systems. Failure modes In electronic components and systems may be identified and
related to field failures with environmental teting techniques. Figure 1 show, a typical

twenty-four hour temperature and humidity cycle.

III. EXMLPIES OF ELECTRONIC AND ELECTRICAL CORROSION

The following are a few representative examples of corrosion induced failures.

A. Circuit Breakers

Numerous aircraft circuit breakers, Figure 2. have been identified as failed because
their contact resistance when closed was considered too high. A number of circuit breakers from
several different manufacturers ware tested in the laboratory to determine the cause of the high
resistance. The circuit break contacts were identified as either tungsten/silver or cadmium/-
silver mixtures. Nine circuit breakers were exposed to a ten day humidity test (40C and 952
I). A destructive physical analysis of the parts fon a small amount of corrosion on the
tungsten/silver contacts. Because of this. a twenty day humidity test (49'C and 952 i) we
conducted on two contacts which had beeon cross-sectioned. After the twenty day test, the
tunsten silver contacts were severely corroded while the cedaium/silver contacts exhibited very
little corrosion, Figures 3 and 4,

A forty-eigbt hour elt fog test (35*C, SR NaC1. pX 6.5 to 7.2, 1 to 2 cc/ht/80 cm2
condeneation rate) we conducted on seven of the circuit breakers. Two of the circuit breakers
failed. This was caused by salt condensation on the contacts. Figure 5.

The results of our analysis indicate that the tungsten/silver contacts corrode much
wors thu the cadmium/silver contacts. Bras fluxes used to Joint the contacts to the copper
am my contribute to corrosion.. The contacts i all circuit breakers are improved by the
meabmeel wiping action of openiog and closing the contacts several time. This should be doe
at periodic Intervals. If the conduction of large currents is not required the cadmium/silver
cotacts shw superior resistance to corrosion.
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B. Antenna Marker Beacon

A corroded antenna marker beacon. Figure 6, was removed from an aircraft so that the
source of corrosion could be determined. The beacon was x-rayed. Figure 7. and corrosion sites
were visible in the radiograph. The antenna was opened and found to contain a polymide foam,
Figure 8. The antenna blade wee removed from the foam. Figure 9, and found to be corroded too.
Both the housing and blade were found to be aluminum. The housing was found to be plated with
electroless nickel, Figure 10, and the blade was plated with a copper strike followed with a tin
plate. Figure 11. It is believed that both the nickel plate and the copper/tin plate were
porous. This permitted the penetration of moisture to the plating and aluminum Interface. The
presence of moisture and the anodic relationship of aluminum to nickel, or tin, resulted in a
galvanic cell which caused pitting corrosion in the aluminum, Figures 12 and 13. These plating
systems were used to maintain a high electrical surface conductance on the alununm components.
The corrosion has resulted in non-conductive surfaces which affect the electrical performance of
the antenna. It was recommended that instead of plating the aluminum a chromate conversion
coating be used.

C. Printed Wiring Boards

1. Flux Contamination

a. Dual In-line Packages

A printed wiring board was removed from an aircraft because of short circuits
on the board. Figure 14. Blue-green corrosion products appeared around and under Dual In-line
Packages (DIPs) on the board, Figure 15. A scanning electron microscope was used to analyze the
corrosion products with charecteristic x-ray analysis. Copper chloride was detected in the
corrosion residue. Chlorides are a common contamination resulting from active solder fluxes and
poor cleaning processes. It was recommended that a rosin type solder flux be used and that a
board cleanliness test be performed after cleaning.

b. Conductor Traces

A ground base radar system was removed from nine months of storage to be
tested. All electrical systems failed due to short circuits in many of the sultilsyer printed
wiring boards. Upon examination the printed wiring boards appeared to have corroded conductor
traces. Contamination and corrosion products had migrated to regions between conductor traces
so that they were shorted out. See Figures 16 and 17. With characteristic x-ray analysis it
was established that the contamination resulted from solder flux. A different cleaning pro-
cedure was recomended.

2. Flux on Board Components

Components from a printed wiring board have also been found to be contaminated
with solder fluxes. Figure 18 shows a diode taken from a board. Figure 19, shows the corroded
leads on this diode. Inadequate removal of flux residues causes many corrosion problems.

3. Water Soluble Flux

The use of a highly reactive solder flux may sometimes have unexpected con-
sequences. Of course, the reactive flux makes the soldering procedure easier. Components or
boards which have poor solderability may sometimes be used, or. some other device defects may be
overcome but usually the reactive flux contaminates some parts of the electronic system so that
it eventually causes more problems than it fixed.

A reactive water soluble flux was used on a number of printed wiring boards
because some of the component leads exhibited poor solderability. The flux had a high chlorine
content. During the soldering operation some of these chlorides were absorbed in the epoxy/-
fiber glass board surface. After soldering, the boards are cleaned and conformally coated.
This traps the flux near the surface of the board. The board cross-section is shown 'In Figure
20. The x-ray map for this area is shown in Figure 21. This chlorine may eventually affect the
copper conductors in the board because the conformal coating will absorb moisture which could
result in hydrochloric acid. Without the reactive water soluble flux this chloride surface
contamination does not occur. If the components to be soldered are handled properly the
soldering operation may be accomplished with less reactive fluxes. This is the best procedure.

0. Vacuum Tubes

Triode amplifier tubes were failing due to severe corrosion exterior and interior to
the tubes, Figure 22. It was determined that the contaminant was a chloride and its source was
most likely a highly corrosive chloride flux. Figure 23 shows localized corrosion on the
outside of the tube and Figures 24 and 25 show the corrosion on th inside of the tube. Figure
26 shows tube cross-section with the entrapped green corrodent clearly visible. It was
recoomended that all fluxes be thoroughly cleaned from the tube before sealing.

3. Fuse

After storage for several years some fuses were tested. The fuse failure rate was
exceedingly high. The cause of this high fsilure rate required identification. Figure 27 shows
the electronics when removed from the package. Not* the white vibration dampening foam between
the circular printed wiring boards. Upon analysis the foam was identified as polyvinyl
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chloride. The circular boards were examined and it was found that they were heavily con-
trminated with chlorides. One of the boards vas placed in a humidity cabinet for twenty-four
hours with the results shown in Figures 28 and 29. Several failed plastic encapsulated tran-
mister vete opened, Figures 30 end 31. The arrow in Figure 30 marks the region In which the
aluinum metallisation was completely malted. The transistor surface was heavily contaminated
with chlorides. It vas found that those chloride contaminates were originating from the vibra-
tion dampening foam. The chloride penetrated the transistor by wicking up the metal leads
extending through the plastic package. The polyvinyl chloride foam was replaced with a poly-
acrylic elastaret foam. The new foam material does not unit chloride contamination.

F. Stering Potentiometer

A linear feedback potentiometer is often used in the steering system for an aircraft
nose wheal. A potenttometer of this type t shown in Figure 32. Several failures of this
device have been observed. The cause of these failures was investigated. It was found that the
ends of the potentiometer were exposed to the environment. Sufficient moisture and contamt-
nation were collected on the potentiomster in this area to cause corrosion. Ptures 33 and 34
show corrosion products collecting on the glass header insulation around the incoming electrical
vires. These corrosion products were shorting out the electrical leads on the potentiomter.
The problem was corrected by providing this area of the potentiomster with sufficient protection
to prevent the entrsnce of the moisture and the contamination.

G. Stepper Motor

Stepper motors are often submerged inside a fuel tank for cooling purposes. Of
course, this means that the motor components. Figure 35. are then exposed to the fuel environ-
met. In all cases, there io some small amount of water in the fuel. With sufficient time we
have found that this water will hydrolyze polylaide wire insulation. These stepper motors had
polymide insulation on the field coils. After sufficient exposure to the water in the fuel
some of the coils appeared as in Figure 36. This defect exposes the copper to the fuel. If
some coutaminatton in the fuel is available the copper ions will migrate into the fuel. This
produces open circuits in the field coils as shown in Figure 37. This type failure may be
avoided by hermetically **aling the field coils from the fuel, or by using a polysulfide in-
sulation.

H. Accelerometer

An aircraft accelerometer was environmentally sealed instead of hermetically sealed.
After extended use the accelerometer failed. Several accelerometers were tested in the Combined
Environmental Reliability Test (CEWT) chamber to establish the failure mode. The stresses used
in the CERT chamber were selected to approximate the actual aircraft environment. The stresses
Included temperature cycling, humidity cycling, and altitude cycling, Figure 38. The accelero-
meter was electrically operational during a certain part of the cycle. After the sccelerometer
wet through one hundred fifty cycles, it failed. The package was opened. Figures 39 and 40.
and it was easily een that corrosion residues were shorting out various parts of the circuits.
This failure may be elilinated by hermetically sealing the accelerometer package.

I. Record Head

Disk recorder heads, Figure 41, were failing at a very high rate. This was happening
in an are where the recorder operator was smoking cigarettes. Some of the particulate matter
in the smake was being trapped between the disk and the head. This contamination with the
moisture available from the air was causing pitting corroion in the head, Figure 42. It was

recosmended that the operator not smoke in the recording area and that the heads not be cleaned
with a halogenated cleaning solvent. Use an alcohol.

J. Connector

1. Radar Modulator

The cause of failure of a radar modulator was identified as a corroded connector,
Figure 43. Two connectors, one corroded and the other not, were joined by a wire insulated with
a silicone rubber which had a chloride content loss than 0.162. The surfaces of both connectors
were silver plated. The connectors were cross-sectioned, Figures 44 and 45. and the base
material vas Identified as leaded brass. As shown in Figure 4A. the silver plating on the
uncorroded connector was 6.7/As thick. The silver plate on the corroded connector, Figure 45.
was 5At thick. Both plating thicknesses ere too thin for adequate protection. The plating
process should meet Federal Specification QQ-S-365C "General Requirements for glectrodeposited
Silver Plating". This specification requires a nickel strike and a silver plating thickness of
13mn. The corrosion was associated with a thin silver plating and it is believed a silver
plating of specified thickness will slminat the corrosion problem.

2. Low Voltage Connector

The corrosion of electrical connectors causes a large mmber of electrical
failures. Figure 46 shows the corrosion on sow aircraft connectors. These problem may be
mlamised when the connectors are Installed in a horizontal position; when a loop is placed in
the wire so water will not flow dam the wire into the connector; when Inhibitors are used on
the connector pins and receptacle interior mating areas (IL-C-01309. Type III); and *hn
inhibitors are used on the external connector surfaons (AMMLUAR fIL-C-85054). It ts

[I
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recomeaded that an aluminum connector with cadmium plate be used. The possibility of corrosion
can be further minimiaed by using a chromate conversion coating over the cadmium plate.

K. Detector

A microwave detector failed duo to corrosion. Figure 47. The ferrite core surface and
cavity ere shown in Figures 48 and 49. The detector case was constructed of nickel plated
aluminum. The cavity lid has been removed and is shown in Figure 50. Note the corrosion along
the edge. This corrosion is attributed to delamination of the nickel coating and the exposure
of a dissimilar metal couple to high levels of moisture. The nickel coating delanination is the
result of a poor plating process. This is usually caused by inadequate cleaning of the aluminum
surface prior to plating. The pitting corrosion of the aluminum case and the poor lid-to-case
seal allowed moisture to enter the internal case cavity, which resulted in the corrosion shown
in Figures 48 and 49.

An alternate plating for the aluminum should be considered. Ion vapor deposited (IVD)
aluminum should be used instead of nickel. A better lid-to-case seal should be obtained. This
can be accomplished with appropriate gasket material.

L. Nickel/Boron Plated Panels

For many applications materials are required to meet conflicting requirements. An
example of this is when metal panels are required to have corrosion resistance and good electro-
maguetic interference (El) protection. Such panels may be used to package electronic equip-
at.

Twelve nickel/boron coated aluminum plates. Figure 51. were given electrical and
environment teats. Samples 1, 2. and 3 were 6062 aluminum and samples 4 and 5 were 2024
aluminum. The nickel/boron coating was 90 nickel with 102 boron diffused into it. A piece was
cross-sectioned and it was found that the coating was made in two layers, Figure 52, each layer
0.625 mll thick. The feying surfaces were prepared for test by overlapping the pieces and
drilling holes through the panels. The two plates were bolted together with nylon screws,
Figure 53. A torque wrench was used to apply one inch pound of torque to each bolt.

The EKI protection requirement is that all faying surfaces maintain a resistance that
does not exceed 2.5 milliohas after environmental exposure. A four point probe test fixture.
Figure 54, was designed to measure the faying surface conductivity. The outer probes carried
one ampere current and the inner probes were used to measure the voltage drop. For all measure-
ments the current was reversed and the resistance values were averaged.

After the specimens were prepared as shown in Figure 53, five of them were submitted
to humidity testing and one was kept as a reference. The humidity chamber was set at 952
relative humidity at 120'F for ten days. The specimens were removed after the first twenty-four
hours and then every forty-eight hours for a visual inspection and, after re-torquing, a surface
resistance measurement. The surface resistance measurements for the specimens are shown in
Table I. The condition of sample 1 after the ten day humidity exposure is shown in Figure 55.
This sample is typica?.

The five samples were disassembled and cleaned with distilled water in preparation for
a salt fog test. The chamber yes set-up in accordance with ASTH Standard B-117. A five
percent salt solution of 95'F and condensation rate of 1-2 mile/hr/80 ca inside the chamber were
used to create the salt fog atmosphere. The specimen plates were bolted together again, as
during the humidity test. and exposed to the salt fog for 336 hours, or 14 days. The samples
were removed periodically for visual inspection and electrical testing. The samples were washed

with distilled water, dried for two hours, and re-torqued before being electrically tested.
After testing, the samples were then returned to the chamber until 336 hours of testing were
completed. The results of the electrical testing are shown in Table II. All five samples
exhibited signs of corrosion after 144 hours. The number 4 and 5 samples exhibited severe
corrosion, Figure 56. The surface resistances of these samples were higher than the other
samples, but still below the maximum of 2.5 milliobas. After 336 hours in the salt fog. samples
4 and 5 again exhibited severe corrosion. Figure 57. Only the surface resistance of sample 4
was above 2.5 milliobma. After electrical testing, the samples Vera disassembled. The over-
lapping surfaces of all samples exhibited corrosion, Figure 58. Pictures of the samplos with
the least and most corrosion are shown in Figures 59 and 60.

The nickel/boron coated aluminum plates passed the humidity testing but they did not
do as well in the salt fog testing. The corrosion was most severe when a break occurred in the
nickel/boron coating and allowed the salt solution to penetrate into the costing/aluminum
interface. The anodic relationship of aluminum to nickel resulted in pitting corrosion of the
aluminum and the formation of aluminum oxide. The aluminum oxide is an excellent insulator and
will significantly increase the surface resistance of the panel. The plating should be free of
surface imperfections and protected from scratches which could break the coating and result in
corrosion.

IV. CONCLUSIONS

The examples of corrosion in electronic equipment listed above were obtained from actual
case histories, in an Electronic Failure Analysis Laboratory. Of all the projects submitted to
this laboratory, 832 of the failures are caused by materials and manufacturing process defects.
It was established that corrosion wa the cause of about 202 of the failures.
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The recommended fixes alvays interrupt the electrochemical circuit required for corrosion;
anode. cathode and electrolyte (so that electrical conduction say take place between the &nod*
and cathode). The fixes either remove the electrolyte, or insulate the anode. or remove the
cathode. Once these fixes ore accomplished# there Is usually a very large cost maving$ for the

customer and a significant improvement In the electronic equipment reliability.

TABLE I. Paying Surface Resistance of Plates Exposed
to High Humidity

Average Surface Resistance (microbes) @ I ampere
Sample After After After After Final
Number Initial 24 hre 48 hra 96 hre 192 hra 240 hr.

1 140 245 256 201 226 183

2 130 282 263 220 208 214

3 134 207 230 219 230 243

4 146 322 205 202 198 202

5 144 374 333 346 356 326

TABLE II. Paying Surface Resistance of Plates Exposed to Salt Fog

Average Surface Resistance (microhms) @ I ampere
Sample After After After After Final
Number Initial 24 hr. 48 hra 96 hrs 192 bre 240 hr.

1 198 155 143 203 274 277

2 212 136 134 211 255 260

3 273 t62 152 158 155 161

4 220 176 200 799 15369* 20727

5 198 285 298 332 400 632

:eded 2.5 tlliohun
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Figure 2. Exploded view of aircraft circuit breaker.

Figure 3. Cross-sectional view of tungsten/silver contact after twenty day humidity test.

Figure 4. Cross-eactional view of cadulum/ilver contact after twenty day humidity te,-.

-1I
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Figure 5. Failed contact after forty-eight hour salt fog test.

Figure 6. Failed antenna sarker beacon caused by corrosion.

Figure 7. X-ray radiograph abowe areas of corrosion.
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Figure 8. Polyamide fu inside beacon.

Figure 9. Antenna blade removed from housing.

Figure 10. X-ray map of cross-sectional area of nickel plate on aluuinum housing of beacon.
See figure 12.

I
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Figure 11. X-ray map of cross-aectional area of copper/tin plate on aluminum blade of beacon.
See Figure 13.

Figure 12. Cross-sectional SEN micrograph of nickel plating on aluminum housing of beacon.
Note areas of lifted nickel plating.

Figure 13. Croe-sectional SC1 micrograph of copper/tin plate on aluminum blade of beacon.
Note areas of lifted plating.
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figure 14. Component side of failed PiB. Note flux contamination on board.

Figure 15. One of the DIPs shown in FTigure 14 at higher magnification. Leads are shorted out
by flux contamination.

Figure 16. Component aide of failed Pill.
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Figure 17. Backside of board sbown in Figure 16. Note corrosion on conductors and white areas
of usaling on board.

Figure 16. Diode removed from failed PVR.

litUr 19. LOad m diode shoan In Fipre 1. Note colsMioo an Ied.
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Figure 20. SEM micrograph of croes-sectional area of MV. Constitute parts from the left are:
void, conformal coating, solder. copper. and epoxy/fiberglass board matrix. See Figure 21.

Figure 21. X-ray map of ore* shown in Figure 20. Cray area is copper. Blue region on copper
is solder. Crean lower central region io chlorine In surface of epoxy/fiberglass board matrix.
See Figure 20.

Figure 22. Failed tried* amplifitar tube* with corroIon interior and exterior to the tubes.
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71mre 23. Interior corrosion an the triode.

fiure 24. Interior corromion in the tried*. ClAoe omvlp b"a not ben removed.

Piglre 25. Interim cometo in tba tiode. Oloe .avelope bee been removed.
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Flawre 26. Cro"a-ectlom of trioe. GUM@. itrappei coltedetat.

F1SurO 27. flctrowle device with wht.e wibrattee domullo fam beteM" P~s.

Flor. 26. CVnemo beini resited ttwmbltetidc.taiatic. See Via"* 29.



flows 29. Islarpsomat of are abus Is Figre 28.

Figure 30. pulled tramueter with bigh garface ehloride entmlmatiou. So. Figure 31. Arrow
morka site of opee slunism coedutore.

- Figure 31. SM oictograph ofulacgumat of region mnthd by arrow Is Figure 30.
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Film" 32. Linara feedback ptentiomester.

Figure 33. Arrow souk. corrosion residue a paet'tert atrar WutIh aborts out electrical
leads.

Ffsro 34. Enlargemnt of site werited by arro is Pigsre 33.
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Figure 35. biploded view of stepper votor.

Figure 36. Cracked polytaide esuletioa on field coils.

iti

Figare 37. At.- or ks site of opens field coils.
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UMU

CVSEM I al

Figure 38. Spectrum of CE3T stresses applied to accelerometer.

Figure 39. Failed accelerometer opened for taepection. Arrows mark regIOns Of corrosion.

?Igvr* 40. ftlargmllt of area abown Is Figue3.
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Figure 41. Disk recorder head. Arrow works metallic head.

figure 42. Enlargement of head marked by arrow in Figure 41.

Figure 43. Corroded connector on radar modulator.
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Figure 44. Cross-sectional area of good connector.

Figure 45. Cross-sectional area of failed connector.

Figure 46. Corroded electriceal connector on avionic equipment.
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Figure 47. Corroded microwave detector.

Figure 48. Ferrite core in detector.

Figure 49. Detector cavity.
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Figure 50. Corrosion on the nickel plated aluminum lid.

Figure 51. Twelve nickel/boron plated aluminum panels to be tested.

Figure 52. Cross-sectional view of nickel/boron plating on the aluminum panel.
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Figure 53. Two panels bolted together with nylon bolts.

Figure 54. Test fixture used to measure electrical resistance between two vanels.

Figure 55. Sample I after humidity testing.
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-Uue5.Sml fe 44huso atfgtsig

Figure 57. Sample 4 after 346 hours of salt fog testing.

Figure 5 7. Sfcsoasamples after 336 hours of al t fog testing.

Fiue5. ufcsof*lsmpe te 36hus fsl ogtsig
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I F~~~tmre "u. ~a rface with imt ..ruimaa f ter 336 bar wait fog tant.

I ~plouro Go. Sempl Mgurf ma Ith cormolo. after 336 hour "Ilt to$ toot.



W NAVALARFOOM
II AIOICAN EICUAL SYSTEM CORROSION FEV!NLVI AND CONIROL MDINNI

by

G.T.Drowne
Material Advisor, COMNAVAIRLANT

Norfok, VA 23511-5 198. USA

S1. Astdiy of premature bilures ofinsed avioniics, eetrcl equipment and systems experienced in Us Fleet operationa
Qaicraf in the 19609 and early 1970a was reported in refereace (1). tese failures were caused by corrosion, water intrusion,

and other contaminating saets. Is order to reverse tis trenid the Comanders Naval Air Forme US Atlantic and Pacific
pleets .(COMNAVAZRIAN1) (COMNAVAIRPAC) requested that Commande Naval A.r System Commanod

S(COMNAVADRSYSCOM) develop acorrosion prevention and control program for avionics, electrical and nsaled systems
used i naval sircr. COMNAVAIRSYSCOM taske the Naval Air Development Comae (NAVAIRDVCEN) so develop

Sthe program together with atechnical manual. A conference with all interested parties was held in 1976 and action iiated to
develop the programs and technical manual for use by the Oert technicians.

2. A review was conduced to asess the overall problem

a. How to cdean aviomcs remove corrosion, restore protective lis what corrosion preventives could be used on
avionics without degrading performance of the equipment; who to redam equipment that had been exposed to corrosive aget.
Each Katie reuie answers.
b. Thbe agents causin corrosion were identified, ie, sl water, sea environment with 100% humidity, maintenance
chemicas, stack gases. igh temperature, cyclic temperatures. moisture, galvanic action in the operating environment between
dissimilar materials, icrobial insect. bacteri, fungi prodacn envionment, etc.

c. Metallic

Whot kinds of corrosion can we expect to see?
(1) Uniform surface stack (e Fig.1)

(2) Galvanic (elg. Fig.2)

(3) l'ltting (eg. Fig-3)

(4) Crevice (conicentrated cell)

(5) hntranular
(6) Stres

(7) Exfoliation

(8) Erosion

(9) What does it look like? (See Table 1)

d. Non-metalli deterioration

(1) Mechanical failure

(2) Cracking

(3) Swelling

3. The restIt of corr.o or contanination can cause faiue of the equipment or undesirable alteration of its electical
*characteristics. The list of all type of material used in svionics would be extensive; most have an ability to funiction wel
*individually andwouldbt the lieofthe cmponent. However, theynergstieffect when dissirlar materials areexposed to a

corrosive enviroament is ohme orrosion.

a. Special Consideration. The own of corrosion in avionic systms ismno unlike that in airframes, with procedures useful
for abirrs being applicable to avionics, with appropriat modifications. Thie general differences in contstniction and

i prceues betwe airframe mid avionics relative to corro.o contro are as follows-
(1) Lasdurable prosectnonsystem

(2) Very small amounts of avionics corrosion can make equipment inoperaiv, as compared to airffrmes.

(3) Dissimilar metals are often. electrical contact.

(4) Stray currents cai caus corrosion.

(6) Closed bome can produce conidensatio during normal temperature cagsduring ft.

(7) Avionic systen have many areas to trap moisture
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(9) Misty maerials used.i avoome systems we subject So attack by bacteria sad fisag.

(10) Orgaicmserials artitenused whick, whn Oerete o mroperly or incompletely cireca produce vapors
which we corrosiv to electroni c ompets and domgn o coatings and iruao

b. hsvesligaton revealed a second special conideraion amn obaL funsectms and aonals causing corrosion in
aviomnics. See Tabl 2.

(1) RessbkLajand Am Mb.&

(a) Gawal, bherW ast (wic imebudes moldL badtr" and 6r) creates by-products tha WIN Mcir COrroMo.

damage frm microbial attack dmmallshr synooms.Mold.baceeaandhngiwevg~sdthefdplamwoed,m
most cueanuat have waterto lve. The oramis cauing the greater corrosion problems we bacteria and fungi. to
addition, to microbial stock, avm eqipen ims aalle to mumec and aimal domagle which castnm esl corrosion.

(b) 5cIII , 1ct ei a"y be eier aer",i or aaobic. Aerobic bacteria reqluire wrylgen to live. Oxygen can
acesreacurrosion atmosophere by oidizlsa mfuritiprodace oulfuic acid orby oxwiuinammimato poduce mie
acid. Bacteria livin adjacent: so metals will promote conrosion by dileting the aygen supply or by releaig metabolic
products. Anaerobic bacteria, on the other hond, con survive omy when free oxygen is nam present. The metabolism of
these bacteria reqires thems to obtain pion of their asateasue by caiudn morpsss compounds such as iron, sulfur,
hydrogen, and nitrogen. 'The resultan chemical reaction causes corromo. Becauase of the acidic nature of bacterial
microorgrnum. metall wre suscetible to microbial atawk. Mum surac contmi~nato cmn be accelerated into a major
corrosion problem by hecal bacterial corromion caels, or by additional acids liberated by the bacteria.
(c) Funpai. Fungus isa icroorganis growsth that feeds on organic materials and generally takes the form of mold%,
rus1s, mildews, and smut,. Funpi jrowttt requires specific environments mid nutris for survival. Fungi are commonly
found in the konowing colors.

Black
Yellow
Green
Blue-Green

(d) Fwmi-Producing Environments. While low humidity does not kill the fungi microbes, it slow% their growth. [deal
growth conditions for most fung microbes are temperatures between 68T (20*C) and 104T (4OrC) and a relative
humidity between 85 and 100 percent. It was formerly thought that fungl attack could be prevented by applying
mosture-proof coatings to nitrient materia or by drying the interior of compatmns with desicesots. It is now knownt
tha some microworgass remain in spore formt for long periodls, even under extremely dry conditions. Furthermore.
electrical insulating varnishes and some moisture-proofing coatings are attacked by mold, bacteria, or other microbes.
especially if the surfaces on which they are used wre contamined. Dirt, dust and otherairborne contoonihmtts are the least

reonzdcontributors to microbial attack. Even small amounts of airborne debris can be sufficient to promote fungal

(e) Fuvtg Nnrilents. It hass long been thoughnt a terials such as wool, cotton, r ope sethier, and leather were the only
materials known to provide sustenance for fungi microbes. The increasing complexity of synthetic material makes if
difficult or impossible to determine from the name alone whether a material will support the growth of fungus. Many
otherwise resistant synthetics are rendered susceptible for fung attack by the application ofaplasticizer or hardcer. T'he
service lie size shape, surface smootlmeas, and leaninsess, of the equipment, its environment, and the type offungi
mroo~ranis involved al de tee the degree of fungal atack.

(f) IanW. Doompgehling from microia stock cm occur when msyofthree basic mechausora combination of
mechamsM 1s brOugh iO pY Fuigi are dusqi and have a tendency to hold niorsture, which contributes to other formns
of corrosion; because fungi we living organisms, they snd fooad to survive. The food is obtained from the material o
whichdifpthebiiero the=m *ormn - . -,e-eorrosive fluid. that attack manymmerialls, including some tin
we~nguimlsrien.OticaldevcecmaeobimqedbyacroouaimaniLwecoipwexftmy suseptibleto
fuol attack which will take any of lhre fort A spiderwelt. a fla starfish shape which leaves a ntily atun. or minute
circular spots that etch the glas Under proper atmospheric conditions, fung cm grow on almoi st n rface. (see Fig4).

(g) Corrosion Consed by hmt ireosd Annmh. Umm~ to avionics eqipmnt can be caused by sNai insects and
ammepecialy in tropical cowromrents. Equipment a slor as most susceptible so dastype ofataiL. sinc insct
and sml ainAb my ente through Yenw boles or 1mr- in packagimg, In some case iseacts have entere am openings,
pilot lines and air vents iarcraft cansing blockage. i the cawe of packagled equipment. they may build niests which tend to
absorb moisture. flhis nisare, plus excretions and salts fromn the inauts and atmis. cis Come corrosion aNd
deterioration tha goes umoticed witi the esuimetor sys is put tomwe and fols. Another type of damag can occur
when el-e'trica lation. vanishes, aid cicuit boad otig become food for insects. Once bose wire or circuit
componens wtexposednmr areasbecome svilable for corrosiont mid shorting to occur. See Title 3.

d. Ehulls, PseIop and Loratso of AvIhiale ho Abaskt Prim contractor ier maufacturers silocate space inside
srert forwavionc equipment, and procuresics from subcontractors. The subcontractor designs the equipment to meet
allocatedspecirad eflormac standards provie by thepruneco trato. Theequipmetmay-rqir ventedcoligW or
the eqipomen maybe placed inthe sresallmas ma sctie to wame hatsthoughifrunes resitinginwiterntsusion
and - billoe.
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and tibe minma t wow umone. e.kw Elli wadeoevoien.

(a)L~ Udesuli be thoe bantye.

(b) Fugene should be located a vertiea wells ofthe ban "scceam de lid.

(c) Cool an vm sheud be snd So thisif WW Coine M 0tvo coo rinhqUc & Moie.

(d) Cables e edgsystem to basme u haveV s.p

(e) Aviames went geat hedbc nck arioson mreliabiliy ofequipment.

(f) Eheviedatede inube ,Aeea s kern h environment

4. Lmsmw of the lfo n abont" amynd ie i th de mnta have bee applied end have remited in the
development of a vey samcl avmionis end eeemal corrosion preemao and control proru being conducted
Ormroi Ohe US Flows.

S. We wil ne bS 1no a standard muinenane cycle of a 6"n component. A fale component a removed from the
itri end inducted Woo Or seond level of mmme, the Aiter hIermudi"'e Moiwm Depamenmt (AID. to

desma end carrect the problem a the Mdi ey~me Thec equipment as opensed snd viwdy inpected for mcorra ar
c~t~laNcomm m emon u eserted threquspets s.urh so thede and crroio work comers or shops. Thie
epipamt asdkeemoled bya gre ei .Th ~o.I emedb inding tools. simp eraser.
insmre pit blute (P15.5). or had pIthr The mides method is always seid. eaneral ceawing The components wre

madk reedy to emtrus won er 1 h quWi does nt dws iiti components. (see Table 4.1 and 4.2). The component is
ds wer winhatd.al a detrpo wowe mi of as pus water to ofe put detrgIt Detergents used wte under MAlL-
speeeindi hIL-D- 16791 (siossonc) or NMU-C-43616 with 16-1 mis, with a PH unde 10. The dam components am then
placded a tovenmmd hidais 30? (S4'C) wbreth dredy Stimnudepensdent onthe complesityatibe equipment or
component behi eed- normly 3 s4 Isour re reqaired. A bog Argon may also be used for spot drying Table 5 contains
burnt avaacs claigrequirements. a lat ci cloel;n clioncl. recommended clewing proces, and claing and drying
resicoo

a, Sa OmpS"n boxes. classs, mal comoent my" bedclaied usig the ulemuc deawing method with solvent. i.
Theotilacdm hiL-C-S 2302. Care must be ohena ntso Ieqicete techian to dhie material idt material will
remnove oils kom the body exposed to a solvent vaporr end displaces oxepn Titis matrial should always be used in small

I in a woo ve-s was. Face shield tiier gloves end coveralls should be used when ubronaic domn is
condued. An advisme to ultrasoie clain is driy n ime c" is re sn o betwee 15 seod nd 3 minutes. A

dsvetpto ultr nclde is dtsome frequencies in ds: leiing aski am damage some circuits end comsponients.
Thieeors, %uesnstbe ultmoied Mckeenda be* Inlld 'by enguseesigauthority.

b. Hand ewthhiL-C-S 1302 cube ccomw edby mopa sftbrisde bnsb.

c. When the equipment has been clean d any corrosion discovered has been removed and srressed the equipment is
returned to the repair end chMWehein h equipmnent is repaired and tested if required and corroision prevenitiont
compound hilL-C-I 1309 type 3dcas 2 setonol is applied to inera urwn of the equiment (see Flg.6 and Tile 5). The

nashs I a spread on mad the ace. s awiped off leaving a thim nonconductive Sm of wote displacing corrosion preventive
compound If commt points we involved points adbe wiped to P m-- - oncorsductive fim is removed. Thse equipment is
then dlosed mnd steln -misei sewe used. required to sawae wmae or corrosive fDs of my formt m not enter the box.
Three bw c Iet atwe used meeting hiL-specific MIL-S4802. MNL-S-8 2733 or raom temperaur velcuit (RTV)
hi1-A-46146. Nofry sele mum are Mds r- Ifaseers mnd comureclor ports. The Ready for lsse(R)compoment
is than paIc@age nd resne to theueror held inssore room sitl seeded. (Se P1.7mid Title6).

4. The first mIdene level (squadron) reavs t UP! component end beginsi g thde component in thdiera
The recleti ape. the access pael mid .mgeem the arcs in whimh the comiqonat is so be installed (usualy insa shock
moomed rmk)toearsuredsthe uned shock mome eah see cless mid free from corrosion or contoufs. When satisfied
theasenisclam.,the coiponis' I The- Owlad hn' Am tmd bd demte decaicdal nctr. The k 'e
covaectoevis Predusing hiU.-C-11302rasoftbie be oh Ile edi g MI-C91 309 Type 30Cla I avionics grade
wmae -spheiW coeal o prevenn compound is sIed to the famale cousnector mud the excess is woped off mid thec
connector is connected toth dint.e lcompemne tisdl the testedMrci power to complete the instalation.

6. EkeudcoeoEbeielatnmosam oibep ne crr mollnsued eree
(1). Howevier. sne thse Vre Corroio PeC to ad rdm "~ bas been ~ em d th problems we
dusppese PeiC, c s c l on allh conneos 10 fromn daily to 1S0 days or hunger irn some
.ias - TIM, "oe o of beettap i d maiw den md i., frem corrosin ntla ymd
enaruly. T1ie isacom ishdn&w
& CoofuneDiectyEqioeudltEiomt.ThecoecoispeeddiqIctdcorosiciseectdon pin
or bodyi the cownector. Win me. the nill, nmethod ou e. The conector is then e*eed wit a lox SUN to
mmesall atroio pr INSt bum reo a te or isthdm d o en aidbrh ed eL-C-It 302. Th
Inowic tholem ee isosed withE-C481309Tpe 3Cb 2 wi ftn omusm pewboong sd;
the ime isw wid o ft is -,eu',,e-eand wiped ef wit aclo ra wet wit hUL-C- 302 so remove butdy ofs,

e t. The auam se f Oit doe is speuiwith hiI-C-55054 AMIGAD. TheAMADis
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allitd to dy 30 =m mand a second ceis applied. hI nu cam the coannector is wrapped with electrical isaig
nowmsdihT 3140.. (Se Fng7.)

le Test connector seed in ten =me ha been exposed an arcraft carrers o kin Ias k as 18 amths wih so degradation
to the connector (aem Filg.S)

7. Connmectorsiusrusolthe ircto* we dlanmed a the name t a described abowe for the external connsector. Wids
MUL-C- 81309 Type 3 Clam 2 applied iside the connctor frequency of preventative mammasance as dictated by operating
enVionAmn.

a. Addjional connector maisenmnce - sealing Scalial the back she* ot mudli pu environmentxral conisectors becomes
necrauiry under some conditions. ie., when side loads are applied to iu. whien weattians ame used An the connector hack
shell areas. Wham these conditions exasm, the beck %bll of the connector is sealed as follow: The retiner ring and backhell are
loosened amd slid up the wire bundler expos"g die rulaber grommet cointainingl wire receptacles

b. The area of dhe rubber grommet is deanied using an acid brush anid MIL-C-l1 302. verifying that sealingplugs(dog buies)
are istalled an unused wire receptacle cavities. Sealant is applied (RTV.3 140 alcohl cure 1 to the heck side of die rubber
grommet. working the nozzle o( the applicatmor thugli, the we bundle to ensure comiplete coverage (umc Fig.7). Sealant
thickness shouild notexceed 1/16- (1.59 mtal Additional sealant may be added. Ilowewe. at noe All sealant ecmiao ) 8"
(3.2 mate) thickness. Posiito connector face parallel to the floor/deck for 30 minutes for initial ecure of se&lant After 30
mnumtes, the connector may be reconnected, however. the seala will requir 24 hours for complete cure.

8. When tbis procedure was developed RIV-l 18. which is an acetic acid cure material, was selected because it is clear.
allowin the electronic tecluicuan so read pns nunibers on the sealed back of the grotmmet. Wares can be changed with sealant irn
place usin standard tools. When a we is frplaed a drop of sealant is placed in the area where wott is accmplshe. RTN'-
118 has been replaed with dlear RTV-3 140 which is a dlear alcohol cure material elitminating the corrosive acetic acid.
RTVS- Il18 can be used. bit time for a full 24 cure must be used to which requires connector to remain open reventing
corrosio cused by ga ofo the acetic acid. The only acetic acid cure matenal in use ss RTV -710 which Ws a white high
temperature material with a working setsqaeratuee of 55r-60(0 (287-3151C). Use of RlV-730 must he autharized hy
engineering authority.

9. EMI Demding Corrosion: Over the pa 20 years the electromic world has mae trenaious advances in techinology. In
the development of low power microelectronic systems. the new equipment is light in weight. small in sm. ideal for use in
Aircraft where weight and aim we factors. The new systems arc generally very dcpetsdatsL and are replacing the more
cuambersme mechanical systems sed in tmoday's and earlier marcraf ix.. fly by we. matopiloets. weapons control ysterm, etc.
However. die new low power microelectronmc equipment and systems are susceptible to electronsaisew ic lrteretice (ENV1)
caused by high power lctroni/ecetrical sources external to the affected system or equipmnt. resulting ins yssem/equnpmens
malfunction. To prevent EM problemns, the equipmen/systemsa are shielded and grounded by boneding to the aircraft. Most 4f
die materials selected for bonding by the electrnc enpaincrs have been good conductors tit electricity but are cathodic to the
aluinm substrate they we attached to. cauasing Salvaisic cells to he formed, resultian corrosiont (%ee Fig q1

Facts

aL Corrosion of the arframme is cused by bonding imaterial.

b. Ateframse corrosion requires correction or sructural repair.

c. Deed in lest. snaking the bnnded eqluipment and system suscepti to EM as bored cannot he maitined due to
Corrosion prdc.
d. DA! protection systems wre ratqored to ensuir operation of modern nucroeleetrome sy-tem.

Some bondmall system that haet been ased:

I. DektOmani copper strapsM (se fig.9)

b. Siler fed epoxy bond"i material which is hydroscopic.

e. Aiuminmmneto steelec. (see Fg10)

d. Siver leaded isibeomti bbes EM! sess.

Action mae".

a. Devieptment of EM! protective sytes/rwterial that will provide reqsnared protection that wall not cuse corrosion in
the op"mugenonunt
b. Development of electronic system Outm will stnd on their own in an EMT envirsuiment.

10. Thle US Navy is hievessipeing a and babv to desesusine the hest, most econoenica method to provide required
pocio to electronic Sysi and stptecormefom oWcursmg

As state illte. O 111as Plgetipa aelIsh desnowe the US na MvalaiOncommnity. Iswas eatLibbised,
ranr~ with C~ma of Navald Opeaions (CMO) Iwutiees 4790.2C and an5dby COtANAVAIIU.ANT/

CIJW4AVAWAC instwtoau. Teinca Jtiro m-ieP is prov iden the Avonc CleanImng and corrosion
PoemWnli t raI Moae NAVAIR 16--4. Tetming is provie to supervisors and electsusic teahniion and
iecn e by Naval Air Mairmance Trann Deanchuaer (NAMhADET). Naval Air Rework Pseltme
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fNAVAIEWOWIAC)aMdoaaj Naval Awamem Eapneeig Serice Umts(NAESU. Deuaied ragaarmaat for AIMI)
and ogeabiomi aledrem -C Comd.a COMNAVAIRLAJJFCOMNAVAJRPAC muations as folows.
I. Eachacasty &Wal esaih aa avioics clenngad corroio purvanioalcont"o progr a di function on a day to
daybasis.

b. Avionics coffsicisjam edeasall rcie NAWTRADET tinning before they are considered qualified.
c. Avviomecs Office diall have NAMTRADETtrmg

01 elecrc whwsecans who arc trained to recover aviomes equqigmat a have haw expised t)unusially severe corrosve
cotio e4g. sit waler m euoa. fire cmosif agws, bmlery aciet.

11. In ordsr ID inwre haire designs for avionics compoeft we mare corrosion resistt the Chied of Navy Material has
usudgusdsrmhrsvsatw. d cosiolfavio comro (NAVMAT P4855-2 datd June I 913).Thisdocunent wa.
developed and oade avilable io unsiry.

a Avionic corrosion damage can be mameud on aircraftnd other iditary equipet by a dynamic corrosion
peervenbon/Conlrol program -

b. Detailed umal of myovd personnel insit ha provided;, 1
c. As nai masewal becuanua avilale the occurrence of avsmcs corroinmbe reahaced dirougliyheuidbases th" will
M nolak i a ral aeleion Le-. mo-corrosmv masenak fr cematactsm of coom'qn/equspmatflse fig I.),

d. Choic-cooperation between Seswiebte aviomcs/aeroupace comumuiy, is needed to assure that the moat durable.
reliable avmowc/eectronic we provided to the armed forces,

REFERENCES

(I) G.T.Drowne COMNAVAIRLANT US Flee Aircraft Corrmson AGARD CP-3 151I 11.

(2) - US Naval Air Systems Comumand Avionics Cleaning and Corrosion Prevention/Control
ManualN/A 16--540.

(3) Irving SShdfer NAVAIRDEVCEN Warnmster PA Corrosion in Naval Aircraft Electronic Sysem AGARD
CID 115 1981.
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Tole 1: Can. at Nvimh- P and AauinMdC u

Type of attack to hic Appearaceof
Aloy Ay. is acepeil orrosion product

Alammum Alloy Surface, Pitting and imegruh. White or gray powder.

Timiams AHlOY Hig*l corrosion resitant. Extended or No visible corrosion products.
-etm om with ehilormovi solveMm y

reault is calieittlrnea. Cadamium plated tools
can cause embrittlemtent of timtim.

Maasammu Alloy Highl suaceptible to pining. Whtite powder ukrowlike mnounds.
and white spots on surface.

Carbon and LAM Surface oxidation and pnng surface and Reddish-brown oxide (rust).
Alloy Steelire'rua.
(1000-8000wsries)

Stainless Steel lasterpranular corroion. Sonme tendency to Corrosiorn evidenced ty rough
(300-400 series) pitting; an marine enivironiment (300 series mnore sufc;oeie.by red, brown or

corrosion resistant than 400 series) black .sain.

Nickel-flir Alloy Generally haa good corrosion-resistant Greeni powdery depos
(Iric-e) *ualties. Somectimfes susceptibile to pitting.

Coppe-Dare Allo Surflace and intergeriular corrosion. Blue or blue-green powder depowi.

Caiivin (used as a Good corrosin resistance. Will cause White. powdery corroion products.
Protective plating for embrintlement if not properly applied.
steel)

Chfrmium (used asa Susbject to pinting in chloride environtents. Chromnium being cathodic to steel.
wea-etuatnt plating does not corrode itself. but promotes.
for steecs) rusting of steel where prtm occur in

the coating.

Silver Will tarnishin presence of sulfur. Brown to black film.

Cold Highly corrosion resistant. Deposits cause darkening of
reflective surfaces.

Tin Subject to whisker growth. Whisker-like deposits.
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Part or Maerial Effec of Moisture and Fungi

FDBER Waubsrs, supports, etc. Momasar causes SWAMin which causes the support to mts.dtg,
reult in binding of support parts. Destroyed by fungi.

FIR Tannud sgrips and insulaaors. Elecitee lecher paths are formed, causing flashovers anid
crosstal. lassulatn properties ar lost- Destroyed by fungi.

LAMINATED PLASTiCS. Terminal stnips and lsauaia propertes ar lost. LeakWg paths cause
boards "wbebsed- ec.f, lube socket aid flacbovers and crosstalk. Delaminatioit occurs and fungi
cod lformv ad connectors grow on suahc and around edges. Expansoa and contraction

under exreme temPerture -hI11%
MOLDED PLASTICS- Terminal boards, Machinied, sawed or pround edges of surfaces and supporters of
swklhboard paea. conaiiao, ec.. tube Ngi c"sh~orts sand flashov'ers. Fung growth reduces
sockets and codl flos. resistance between parts mounted on plastic to such an extent

that the parts awe useless.

COTTON LINEN, PAPER AND CELLULOSE lauulatiand d ielectric propertes are lost or impaired,
DERIVATIVES:- Inaulatiois, coveringsp, causing arci flashovwers and crosstalk. Destroyed by funigi.
webbing beltng liniatig;dielcecsnca. etc.

WOOD: Cam bouse and houis. pheti Dry rot, swelling and delamination caused by moisture and fungi.
Shea. ants ec.

LEATHER: Straps, cases, gaskets. etc. Moistre and fungi destroying tanning and protective materials.
cansing deterioiraton.

GLASS: Lenses, windows, etc. Fungi grow on organic dust, insect track. insctl feces dead
insects, etc. Dead mites sand fungi growth on glass obscure
ymabilbty and corrode nearby metal pat%.

WAX: For ipregation. Fings-uibting waxes which are not clean supporn the growth of
fungi, cause destruction of insulating and protective qualities, and
pemt entrance of moisture which destroys parts and unbalances
electrical circuits.

METALS- High temperature and moisture vapor cause rapid corrosion.
Fungu and bacterial growth produce acid and other products
which speed corrosion. etching of surfaces and oxidation. This
interferes wit the operation of moving parts. %crews. etc.. and
causes dust between terisinas. capacitors, plates or air
condesers, etc.. which in turn causes noise, lossm: sensitivity and
sec-ovess

METALS, DtSSIh1ILAR:- Metals nsay have different potentials. When moisture is present.
one of the metals (anode) corrodes.

SOLDERED JOINTS: Residual soldering flux on terminal boards holds moisture, which
speeds up corrosion and growth of fungi. Soldering iron should
not cowseim contact with wire insulation.
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Table: 3%EEct OICarmeinm Amsloec EquAipmet

Component Failure Mode

Antenma Systems Shorts or changes in circuit constants and structural deterioration.

Chassis, Housings, Covers and Mount Frames Contamination, pitting, loss of finish and structural deterioration.

Shock Mounts and Supports Deterioration and loss of shock effectiveness.

Control Box Mechanical and Electrical Intermittent operation and faulty frequency selection.
Tuning Linkage and Motor Contacts

Water Traps Structural deterioration.

Relay and Switching Systems Mechanical failure, shorts. intermittent operation and signal los.

Plugs. Connectors, Jacks and Receptables Shorts, increased resistance, intermittent operation and reduced system
reliability.

Multi-Pin Cable Connectors Shorts, increased resistance. internnittent operation and water seal

deterioration.

Power Cables Disintegration of insulation, and wire/connector deterioration.

Display Lamps and Wing Lights Intermittent operation, mechanical and electrical failures.

Waveguides Loss of integrity against moisture, pitting, reduction of efficiency and
structural deterioration.

Radar Plumbing Joints Failure of gaskets. pitting and power loss.

Printed Circuits and Microminiature Circuits Shorts. increased resistance. component and system failures.

Batteries High resistance at terminals, failure of electrical contact points and
structural deterioration of mounting.

Bus Bars Structural and electrical failures,

Coaxial Lines Impedance fluctuations, loss of signals and structural deterioration of
connectors.
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Table 4.1: Dask Avisels Clea g Reqaremeels

Always use the Mildest Cleaning Method

I Pre-Cleaning:

a. Disconnect power supply

b. Ensure all drain holes are open

c. Remove covers, etc.

d. Disassemble where practical

e. USE ONLY AUTHORISED MATERIALS

I. Assure compatibility of material before use

g. Mask, protect accessories, components to prevent entrance of water, solvent/cleaning component

2. Cleaning equipment hand cleaning tools for hand cleaning:

a. Cotton lint free cloth

b. Cheesecloth

c. Cotton tip applicators (0 tips)

d. Acid Brush

e. Toothbrush

3. Cleaning equipment installed/materials:

a. Spray cleaning booth

(1) Water

(2) Water detergent

(3) Solvent

b. Ultrasonic

(1) Aqueous

(2) Chemical

'-.
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Table 5.1: Recommended Cleaning Process Versus Type of Avionic Equipment

Type Aqueous Solvent Water Base Abrasive Mini- Hand

Equipment Ultrasonics Ultrasonics Spray Booth Tool Abrasive Clean

HOUSING/COVERS X X X X X X

CHASSIS X X X X X X

RACKS/MOUNTS X X X X X X

CONTROLBOXES X X(1) X X X X

INSTRUMENTS X(l) X

LIGHTASSEMBLIES X X X X(I) X X

WAVEGUIDES X X X X(I) X X

WIRE HARNESSES X X X

SERVOS/SYNCHROS X(I) X

ANTENNAS, BLADE X X X X X

ANTENNAS, DOME X(I) X(I) X X(I) X X

ANTENNAS. RADAR X X(I) X X

ANTENNAS, ECM X X

MOTORS X X(I) X X(I) X X

GENERATORS X X(l) X X(I) X X

BATTERIES X

CIRCUIT BREAKER PANELS X X X X X

GYROSCOPES X(I) X(I) X

PLUGS AND CONNECTORS X X X

HIGH DENSITY CONNECTORS X X

EDGE CONNECTORS x X x

COAXIAL CONNECTORS x X

PRINTED CIRCUIT BOARDS X X
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Table 5.2: Cleaning ani Drying Restrictions

Component Problem Solution

Transformers Trap solution in housing Seal

Synchros & Servos Removes lubricant from bearing Seal or Remove

Meters & Instrument Gauges Trap solutions through open back Seal

Sliding Attenuators Trap solution in slide housing Seal or Remove
(Re)

Tunable Cavities Trap solution in cavity area Seal or Remove

Variable Attenuators Trap solution in housing Seal or Remove
(Microwave)

Waveguide Trap solution in guide housing (when installed) Seal or Remove
(Microwave)

Rotary Switches Trap solution through open housing Seal

Potentiometers Trap solution through open housing Seal

Delay Lines Trap solution in housing Seal or Remove
(Physical)

Klystron Cavity Trap solution in sockets Remove tube and seal socket

Fan Motors Trap solution in housing Seal or Remove

Paper Capacitors Disintegrate Seal

Printed Circuit Board Trap solution (when installed) Remove (clean separately)

Vacuum Tubes Shock damage Remove

Sliding Cam Switches Shock damage to cam Remove or hand clean only

Crystal Detectors Heat damage from oven Dry at 130"1 (54"C) maximum

APC Connectors Shock damage to center conductor Seal and hand clean only
(Microwave)

Wire Wrap Connections Shock damage Hand clean only

Gyroscopes Trap solution in housing Seal



2 9L

-it <

~iu M, UBE U -

Au -o cr

U U g

'Al.



- - - - - ------r

3-36

I !.~ jt~I
j

.111131111
Ii II ~! tillI

~iIi1I
4

I
iI~~iii
.~ Iii ~
jj';ii~~i

i

I..iii.4~
~.J~.JC.J(



3-17

Fig.I Unlom wouuhce attack on a comctor

Fig.2 Galvanic corms"o of a wfe commin

Fv&3 Piimo d general attack ofocrcut board and cmwcim
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FW4~ Fwm lowh on cectrak ircut board

Fig 5 Miratue prit bla dkwimg of crcuit board

Fig.6 Corronon esmsa pimrcomti beig Mpie to a~,omcsenckosure
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(J) UlS I I AVlIIC5 * Ah5OCIA!smt

m~zsIn: canII. ,me a sInv~IMT

tie3.6. Drtlett

Director. Avionics gagin lg and AdvancePrograem. IMP atromp Ltd. Aerosalce nagartmaqtin
Division. P.O. Box 1014. Dartmouth. Nova Scotia.

rz MY4W3. ed

E.G. dgar
Nanager. Avionics Engimering. Rotary 3ing.
UV group Ltd.. Aerospace Engineoring Division_ P.O. box 1014. Dartmouth, Nova Scotia.

=--Oeis paper addressee. with xamples. the cause.
effect and prevention of corrosion an it relates to
Canadian votce@ aircraft. It deals particularly with
aircraft oertated in a satine environmest and is
b4ad on the experiences of the author@ during
previous Service wit& the Departmont of National
Dofeac and in their present employment in industry.
The Canadian Forces corrosion prevention treatment
program is also mentionedo nd we have taken the
liberty to discuss it briefly.

1. The purposes of this paper are threefold as follow:

a) to stImulate thought and discussion on the subject;

b) to eahance the understanding of the subject by readers; and

c) to promote activity into research and development of corrosion-resistant
avionics. as well as implemntation of aintenance oriented corrosion
prevention and treatmat programe.

At preseat in the Canadian Forces. there is considerable effort expended in
the prevention, detection and treatment of corrosion: however it is mainly focused on
ern-engine and airframe areas with little attention Paid to avionics, until component
failure results.

2. The first avionics corrosion was likely recorded in an aircraft log set as a
green deposit foming on copper or brass terminal lugs. This was coemonly called

verdigrils or gro rust. The treatment was vigourous application of a wire brush and
the preventative maintenance was the application of copious quantities of petroleum
jelly, also known as vaseline. Incidentally, the same mthods also applied to the
terminls of lead-acid battoris comionly used during that era.

3. It i hoped that readers will bear with the above tongue-in-chtck approach to
the subject since it is intended to draw attention to the dearth of historical data
related to the subject of corrosion in avionics. It is only in hindsight that one who
has bee involved Is avionics mIntenance for over thirty Years realizes the number of
incorrect procedures which are coMon practice. An example of this is solder flux
corrosio which can result from the use of activated resin core solder as wall as acid
or inorganic chloride flux core solders. Whils it has lon been recognized that the
latter shOIld not be used in aircraft, it was only recetly that the forinr was
officially recognized as a source of corrosion and Clearly identified in both NAVAIR
15-1-40 and iAViS 01-LA-SOS as inappropriate for use in avionics equipment.

4. The Canadian Vorce did not bov a structured corrosion control program in
place until the early 1900 When significant corrosion 4amae was found on Grummn CS2F
*Trackor- ARM aircraft. This was mainly airframe related but did result in a more
in-depth IASPectiom and a program called -TMCAP- (Tracter Corrosion IeoNval and
Pfrevention). This program entailed remOval of all avionic black boxes, Which ware
routed to shops for impection and cleanis, thorough Inspection of the aircraft.
corrosion removal and treatment, thorough washing of the aircraft and application of
OD-40 to all areas. This program proved highly successful and was continued until the
loyal Comdian Navy (S.C.*.) decommissionod their only carrier. N.N.C.S. sonaventure.

EMNEE
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5. During this same time frame the Sea King Helicopter (orginally designated in
Canada as CUSS-2. now CH124A) was acquired and introduced into the fleet as an A.SV.
platform. initially flying from the carrier and eventually from Destroyer Escorts
(MU). The operational envicoment - sonar dipping at 40 feet altitude - resulted in
the ingress of significant amounts of salt laden ait to the cockpit and cabin area. In
addition, the flight deck of the DM is relatively close to the ocean surface and is
therefore subject to salt spray and the occasional wave. All of the above factors
contributed to an increase in corrosion in the fleet, a resultant increase in corrosion
telated defects and aircraft down ties. In order to address this problem, reduce
corrosion defects and to increase operational availability, several positive steps were
taken:

a) Training in corrosion control, detection, treatment and prevention was
added to the various training curriculums for maintenance personnel:

b) A corrosion control kit was developed and issued:

c) Information was developed or adopted and disseminated in the torn of
technical orders: and

d) A Corrosion Control Program of preventative maintenance was initiated in
all shipborne detachments of helicopters. Aircraft deployed at sea or
operating over the sea were thoroughly washed with fresh water at the
end of each day's flying operations. The helicopter was divided into
areas so that an area could be thoroughly inspected, cleaned and treated
as necessary and the entire aircraft was thus completely inspected and
treated once a week. Products such as ANIUARD. LPS-1. LPS-3 and MD-40
wet specified for applicable use. The results were positive but not
spectacular. Corrosion was reduced and damage minimized, however
improvements veor restricted to airframe and engine areas. Avionics
corrosion prevention was limited to spraying LPS-1 on connectors or the
liberal application of DC-4 silicon on external power receptacles.
This. unfortunately. is still very such the situation as it stands today.

EXAMPLES

6. The Canadian Forces has, in recent years. adopted a policy of maintenance as
necessary. That is. "if it works don't fix it." As a result, many of the components
in the aircraft at never removed unless they fail. They are inspected in-situ and
perhaps given a perfunctory cleaning. The following illustrations of instruments.
taken froN a CH-124A Sea King Helicopter at the IMP facility, provide examples of the
result. The instrument panel was originally manufactured from magnesium. The
instrument cases are either tinned copper or brass, protected by a matte black paint.
The paint became chipped or worn on both instruments and the magnesium panel, and with
the aid of salt laden air to provide the electrolyte, galvanic corrosion took place.
The corrosive damage to the instrument appeared minimal as illustrated in Figure I
(without magnification).

7. However when viewed under a 100X microscope. Figure 2, it can readily be seen
that the integrity of the hermetically sealed case has been breached. Similar
comparison may be noted in Figures 3 and 4 as well as Figures 5 and 6. Incidentally
all three of these instruments were removed from the same aircraft during Depot Level
Ins'ection and Repair at IMP Group Ltd. Figures 7. 8 & 9 illustrate the extent of the
corrosion on the instrument panel, while Figure 10 clearly shows corrosion visible to
the naked eye on an instrument. As a result of these findings we are advised that the
Canadian Forces is initiating action to have all instruments removed from the aircraft
for inspection and treatment at every periodic inspection interval (400 flying hours).

8. Figure 11 illustrates the condition of a relay that has very likely never been
removed from the aircraft since first installed 20 years ago. This relay was still
electrically serviceable and functioning despite the severe external corrosion
illustrated in Figures 12 and 13.

9. IMP Group has had sons experience in salvaging aircraft which have been
ingersed in water, both salt and fresh, one such aircraft which had been safely landed
in the North Sea., off the coast of Holland and subsequently badly damaged in the
salvage operation, was restored by IMP to flying condition. Several interesting
lesson* wete learned from this experience. Although all the correct decontamination
procedures were followed; In: wash with fresh water, spray with WD-40 etc-etc. initial
inspection of the aircraft on return to Canada revealed extensive corrosion of
electrical component such as relays, circuit breakers, switches etc. No corrosion was
initially found in the wiring, however, within a few weers a white to green chalky
corrosion was noted on the shielded wiring near the ends. It was decided that this
could be removed by cutting off the corroded portion and te-terminating. It soon
became evident, however, that the shielding acted as a wick and that corrosion was
proceeding rapidly throughout the length of all shielded wire. This necessitated the
complete replacement of all shielded wiring which had been subjected to salt water. A
more recent experience involves the restoration of a Sea King Helicopter which crashed
and turned turtle in a "fresh water" lake while practicing landings and takeoffs. The
emphasis on the term "fresh water" is for a very good teasson. Although the authors
bae not had the water from this lake analysed it is apparent that there must be a high

-
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acid content since the corrosion of components, particularly those which hald sose of
the water for an extended period. was nearly as bad as if the aircraft had been
submerged in salt water. This is clearly visible in Figures 14 and IS.

10. An unusual but interesting example of corrosion was found as an offshoot of
this accident. Some of the avionic components of the aircraft. including the Automatic
Stabiliza- tios Equipment (ASS) Amplifier. were salvaged, stripped, cleaned, treated
and rebuilt. After a short period of operation they were found to exhibit signs of
What appeared to be corrosion. This Was evidenced by a white powdery substance on
sharp corners of discrete components snch as transformers, resistor leads, circuit
board tracks, connectors and mounting hardware. Subsequent analysis and investigation
revealed the corrosion products to be lead and tin salts of formic acid. basically
reaction products of formic acid and solder (tin lead alloy).

11. The origin of the formic acid was initially a mystery. Suspicion at first
focused on the conformal coating applied to circuit boards after assembly is complete.
This coating material, an Epoxy Insulating Varnish. was subsequently tested and no
evidence of formic acid was found. The Investigation then focused on the cleaning
solvents used in the ultra-sonic cleaner. Ttichlorotrifluorethane (FREN TF).
supposedly conforming to NIL-C-S1302. The batch Was quarantined and samples analyZed.
This analysis proved that there were in fact contaminants which remained on the boards
after cleaning and stayed dormant until the components heated up in operation. The
contaminants then produced formic acid in gaseous form which bled through the conformal
coating to settle on metallic components end produce the white powder as a by-product
of corrosion. All of the components affected were recalled, stripped of conformal
coating. recleaned ultra- sonically using the same type of solvent (different batch)
and returned to service With no further problems.

DISCaSSIN

12. As can be seen from the examples previously described, corrosion comes in many
forms, from many sources, and is Insidious in its attacks. There are a few metallic
substances which exhibit resistance to corrosion, either through natural
characteristics. is. gold. or because of a treatment or process. ie. stainless steel.
Even these materials have drawbacks as tegards their use in the design of avionics
equipment, either because of the softness in the former case or in poor conductivity in
the latter.

13. Progress has been made in the design of avionics, both in the use of corrosion
resistant materials, such as stainless steel connector shells for use in "SWMNP, areas
and in better protection of components from the elements, and in particular, the
ingress of moisture. For example, there is available a complete Line of shrinkable
connection devices such as splices, shield terminators and co-axial connectors which
are easily installed and which completely seal out moisture. In addition, shrink fit
encapsulation, boots and transitions in many forms are available and should be used in
conjunction with corrosion resistant hardware in areas of aircraft which are exposed to
the elements.

14. Our company is in the process of completely rewiring the Canadian Forces fleet
of Sea King helicopters. We have taken full advantage of the many new products in the
market to reduce the possibility of electrolyte being introduced to the many dissimilar
metal "batteries' which exist throughout the aircraft.

15. Water displacing compounds which leave a moisture-proof skin over areas which
are prone to corrosion are coming into more general use. For example a product
available under NIL-C-15054 is being used by IMP to protect ground studs in the Sea
King. After all ground wires are assembled to the stud and checked to ensure proper
bonding, two coats of this material are applied. with a drying period in between. The
result is a transparent waterproof seal which, if corrosion is detected through the
transparency, is easily removed with a solvent for treatment of the corrosion. These
same materials or similar, as discussed il previous papers presented to this committee.
may be used to great advantage in protecting antennas and antenna co-axial connectors
from corrosion which is prevalent by virtue of the location of many antennae in the
hull of the vehicle.

CONCLUSIONS

16. Corrosion will be a major cause of aircraft and avionic equipment failure for
the foreseeable future. We as engineers, scientists, designers, and/or maintainers can
minimise the cause and effect of corrosion through development, design, application and
education programs. Progress. however, can only be achieved through improved
technology. Improved technology requires Research and Devolupment (R&D) which must be
funded. In ofder to attract R&D funding, it must be proven to fleet operators, either
civilian or military that the cost is warranted. it follows, therefore, that we must
be mote effective in documenting the costs of avionics corrosion results in mission
aborts Or reduced capability, increased maintenance costs etc.. etc. but until we can
put a proven firm price on it the chances of attracting more R&D funding are slim.
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Fig. I Instrument bezel Fihg. 2 Magnified viewi of corrosion from Fiip .
note corrosion near numeral '5"*.

fig. 3 Instrument corrosion as seen Fig. 4 White area from Fig. 3 miagnified to
w ith neaked eye. illustrate case integrity in broched.
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Fig. 5 Instrument case with Fig. 6 Area of corrosion i Fig. 5 magnified to
corrosion apparent to naked illustrate case integrity is breeched.
eye.

Fig. 7 Instrunient panel, Sea King Helicopter. Note white mterial
evidence of salt -ater.
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Fig. 8 Close up of instrumlent panel illustrating extent of corrosion on
light socket.

Fig. 9 Magnesium instrument panel stripped of paint. Note extent of corrosion.
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fig. 10 Engine instrument corrosion.

Fig. It Relay corrosion.
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Fig. 12 Relay corrosion.

Fig. 13 Close up of corrosion 0n relay.
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Fig. 14 Relay exhibiting corrosion resulting frm. "fresh" vater imersion of a Sea King
Helicopter.

ia

Pig. 25 Relay exhibiting corrosion resulting fin. "Fresh' atser imersion of sSes King
Helicopter.
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~AVIONICS AND CORROSION

by

v r o Alain POINTET Christophe TURPIN-INVER 
O i

~75783 PARXS CEDEX 16 (FRANCE)

A03TRACT

~AViOniC manufacturing and environsental conditions generate

corrosions and /or make easier the action of corrosion in
various part offan av ionto system. This paper deals with a

brief survey of environmental conditions in the avionic
fielId. how to reproduce them In accordance with norms and

which associated problems could occur.

All parts or an avionic system are success ivIly examined
housIng bo , printed circuit boards, hybrids and inte~ra-
ted circuits. For each part, example' and soluttonware
given.

1. INTRODUCTION

1.1 Equipment description

SAGEN avionic systems are airborne on various aircrafts. They intensively use, among
others, the ULISS inertl navigation units.

A ULISS system is a lidded box housing a platform and a set of electronic modules.
An electronic module is a two printed circuit board sandwich cemented on a metallic
frame. Air forced between both printed circuit boards cools down the eleetronic.

50 to 150 electronic parts are laid out on each printed circuit board such as

- integrated circuits, MSI, LSI, VLSI,

- thick and thin film hybrids,

- discrete components.

1.2 Avionic systems

Avionic systems undergo the most severe environmental conditions. So the joined
action of tropical molds or fungili and humid heat causes coating varnish and paint
corrosion. On aircraft carriers salt and humidity create stray electrolysis giving birth
to corrosion when equipment Is on. Airplanes themselves give off kerosene, motor oil and
other products enabling corrosion to settle in.

In spite of anti-corrosion technics applied all along our system designs two corro-
slve attacks took place on our electronic modules. This paper deals with them botk,

One has only a cosmetic effect on electronic modules and, so far, no failure can be
related to It. The other one concerns integrated circuit realization. It is reponsible
for a significant number of failures In the field.

We came up with solutions In both cases, which were successfuly applied. These
attacks are directly related to electronic modules and their protection. Other kinds of
corrosion exist that shorten the life expectancy of non-electronic parts on avionic
systems.

They are

- rubber corrosion,

- corrosion due to vibrations and more particularly when unmatched tolerance and
gaps between meeanichal parts occur.

The so-celled *Fretting* corrosion can also be listed.

All those vibrating attacks will not be dealt with In this paper.. -- 4
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2. UUY2UISUA COU3ZTZM8 AND ASSOCIAT23 C04108105

CLIVIrosoeental conditions will be broken up Into three typesz

- climatic gathering natural elements such as humidity. condensation, thaw.
- rain. sea simo: admidw
soelvents all Mriiiaroduc% Z:that ca; be found In the field.

- electrical as far as corrosion Is ooaerned this environmental condition is most
oft*ncmie ihtefre two I.e. z If a high potential exists
btwee two electrical runs. on a printed wiring board. in a wet at-

mosphere. an electrolysis could appear and become very significant.

2.2 Tables of enviroamente end corrosion
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3. Pe0ees a88cfiST VIT. DIFnmuT SISTIM 29CTORS

3.1 External mechanical protection*

Proper protection of eleetronies begins with efficient packaging.

The Covers and housinga must be conceived to avoid as much penetration of corrosives
as possible, while respecting both mechanical and thermal requirements.

Mechanical parts should be designed so as to avoid water accumulation through con-
densation or defrosting.

materials used In packaging also have corrosion problems which we will briefly
explore here.

MATERZAL UTILIZED UTILIZATI ASSOCIATED CORROSIOI PROTECTION USED
(SAGEN AVIONICS)

ALiDIW 
Asaic light parts ob- Chromat layer

5086 tained through processing
and not requiring high Formation of alumina Nickel-plating

(AG4C) mechanical performances causing poor electrical
continuity in the assembly Paint

6061 Ditto AGUSC Possible formation of

(more rigid parts) galvanic couples and
------------------ ---------------.- -- -- thus corrosion by lo s ---------------------------

A1Si 7E 03 of substance
(*57003) Lost wax casting

2017A Originating from existing Alodine
(AUSG) shaped parts

STEEL
X2 Cr Ni 18-10 Small parts Problems of galvanic Passivation
(Z2 CN 18-10) couples with other metals

(Stainless steel) (-> attack on the other
metals)

30 HI Cr 11 The same usage as
(30 NC 1?) stainless steel, however,

............... mechanical resistance Cadmium coating
is superior with fewer Corrosion in a marine

35 Ni Cr M06 problem of galvanic (salty) environment
(35 NC D 6) couples

NEOPRENE RUBER O' Ring Oil, Kerosene, Androx NOVE

NOTES

Surface protection for electrical continuity between mechanical parts.

The surfaces to be connected must be completely free of any oxide or contamination ; it
i therefore necessary to apply a specific treatment before any other treatment such as
paint or other finish.

The areas requlring electrical continuity must be masked before applying the second
treatment.

Rubber protection

Rubber corrosion are not very well known. Corrosion susceptibility depends on the
nature of the rubber to be used in a given corrosive atmosphere, rather than on protec-

* tion or the rubber Itself. In all corrosive attacks where oil, kerosene and WD4O are
concerned, it is better to use fluorosilicones instead or neoprenes.
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3.2 Printee eirueit board#, emeetop*

3.2.1 _a *5 1!jI! go£*0.F 1 " 4In our 1trlmte elire It bePrda

SUB-ASSEMDLIES MATERIALS

Frame Aluminium (ADS)

Printed circuit Epoxy (Fit)

sun& Copper - tin - lead
deposit

Contacts Copper or beryllium
copper plated with nickel
- gold or just gold

Global protection Varnish (finish)

3.2.2 Corrosions encountered *_probable causes

A) During operation t

- Attack of the hybrid case and transistors, cracks developped on the cases. An analysis
of the corrosion residues revealed a similar composition to the materials making up the
case and its proteotion (Kovar 8old).

These attacks were encountered in two different situations i

1) usage in a marine environment,
2) usage in a tropical country.

In both cases, a flow in the watertightnsas and quality of the protecting varnish (1031
MZL-Z 46058C) allowed these attacks caused by humidity.

It should be noted that these hybrid cases are covered with gold and thus protected.
This type of attack should therefore not occur.

- Attack of the contacts with degradation of the gold and nickel platings as well as the
brass making up the base of the contact.

- Attack of the PCB frame in an area near the contacts mentioned above.

Probable causes :

The varnish, attacked In one case by contaminant. present In ventilation and in an-
other, by the molds and mildews present in humid tropical air, lost its protective
qualities and became porous, thus allowing the action of climatic corroding agents
(corrosion of the cane).

Furthermore, presence of areas of humidity and solvent accumulation allowed an electro-
lysis or the pins, between th~sselves and with the frame. The pins attacked were of
course those supporting the highest voltage.

9) During qualification tests i

After an artificial ratn test : electrical pins of a small connector were corroded.
Associated wire wraps were also degraded and a green foam was found on them.

Probable cause :

water penetrated Into the system through an opening located at the base of the sys-

tem in an area close to the connector, starting an electrolysis when the system was on.

- It should be noted that a highly wet ambiance could trigger the same kind of problem in
operation.

3.2.3 Avmlable proteetion

Each sub-assembly of our electronic modulos is protected on an individual basis

- aluminum frames receive a Soft surface protection such as alodine,
- a layer or gold is deposited on copper electrical contacts,
- hybrid cases are made of Kovar plus a layer of gold.

These different protections are not always compatible because of high galvanic
couples. They must not be in contact or even too close to each other in the presence of 8
liquid resulting from condensation or thaw.



To Lolate different neteiele free meek other an' avoid any humidity or other
liquid penetration, the final solution io to east the entire oleetronlc module with
varnish.

In varnishnlg. bovovor. a new problem &rise& : It is difficult to ILnspet If it
Roe In all Imtoertitiel parts end &or* particularly, between and nuadr component Iads
and eoaootor pins. The hand made connactor located at the base of the module Is very
semmtIve and diffioult to coat. nen solution applied to •mo* of our systems is to add
potting *round the *onotor.

no" to evaeuato liquid from sensitive aren Is another problem. As known. some
liquid* help eleotrolytlo transfors and orton embody oorrosives : lit in a marine stoo-
ephere, solvent mixed with cooling air ... When accumulated in the connector area, at the
base or the modulo, they could create oorroeio attacks of the varnish and so doing.
allow further degradation of the module.

It is therefore vital to eliminato all possible traps for liquida. To create a
oontinuous water drain, associated with good bermeticity of all assembly covers and lids,
would be the solution to numerous problem%.

Nodules with connectors placed along their vertical edges avoid water accumulation
problems around them. Unfortunately. it it not always possible to place them so.

Finally. is our systems we must recall that by design the cooling sir Is forced
between the two PUISs and through the framo to get rid or any direct contact between
polluted fanned air and an electronic part. Furthermore a heretioity ribbon all around
the PUBS Is intented to achieve portect ieolation from the cooling air.

3.2.4 Cwit~rjfrthetboe of varnish or ethero rotgtlom

*ain criteria of chole& are i

- rosistane to corrosive agents,
- good dismountabillty for maLntenance purposes,
- hygiene s all products used to build, maintain or fix must not be hazardous to the

health,
- the ratio cost/sePvice must be evaluated,
- finally the cosmetic aspect may be taken into account. It could be desirable to have a
uniform, sleek aspect of the costing with a certain transparency.

We may note that the first two criteria are not always compatible. A corrosive agent
resistant coatina will quite often be hard to remove when repairing a sodule, and will
necessitate hazardous products for removal.

As often in technical areas, the solution will be a compromise dictated by a budget.
of the pros and the cons of the problem to be solved.

3.3 Intearated eircuits

Corrosion say be seen Inside or outside the cse of integrated circuits. External
corrosion has already been studied. Internal corrosion Is described hereafter.

3.3.1 Corrsajon noewaterel

Electrical bias and humidity are the main activating factors or integrated circuit
internal corrosion.

They are responsible for metallic migrations and ozydes being formed which then can
produce short or open circuits.

Moisture in the interior atmosphere is quite often due to a lack of herseticity In
package seling.

Though those phenomena are today well known, they still continue to generate fail-
ures In the field.

The typea of corrosion most often observed are the metallic ones at the interconnec-
tion level I

NIRTALLIZATION CORROSIVE CATALYST

Aluminum chloride (1) water
Phosphorus (2) high density

Gold chloride water

(1) Cleaning products (2) St 02 to isolate
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3.3.1.1 Alumimue

Effects of corrosion on aluminum runs ae open circuits caused by oxydes.

The mechanism Is simple : chloride Ions make breaches into the natural aluminum
passive oxyde skin covering rues and lands. In so doing aluminum comes into direct con-
tact with air moisture and a quick corrosion appears all over the unbiased chip. Under
bias conditions. chloride ions move towards anode runs and lands. Consequently a faster
corrosion of positively biased aluminum run is seen.

3.3.1.2 Cold

Effects of corrosion on gold metallizations are short circuits. They are mostly
created by electroplated gold dentrites bridging close runs or lands. Electrical bias and
moisture, here again, are main factors of the corrosion.

3.3.2 Precautilos durligproduetiem Iroosal

Precautions to take during production process are quite obvious ; chloride and mois-
ture must be avoided. To do so one must absolutely.

- choose hermetically sealed packaging that is ceramic rather than plastic,

- carefully clean and rince before sealing.

- seal under very dry atmosphere and if possible under neutral gas, such as nitrogen.

S10 2 isolation layers on chips or any other coating can reduce the corrosion suscep-
tibility. All those steps must be applied only during the integrated circuit building
process at manufacturers facilities.

Avionic equipment companies buy sealed electronic parts. The enemy. If there is one.
Is already in the box, and in the field, system failures will be observed over a long
period of time. Indeed failure occurence Is related to corrosives density, to moisture
level and to the lenght of time the system is on.

Systematic burn in of all parts of an electronic system will partially kill poten-
tially bad parts by accelerating the corrosion phenomenons.

We, in the past, suffered such an attack due to a faulty production flow chart at an
integrated circuit manufacturer's. The flow chart showed the following processing path on
Metal packages

S
C

A L ING ... 
C LE A N U P  

. . TI -. HERMETICITY -----

----- IL ---FI--- T T J --- TEST I

In fact some parts had minute holes or cracks end during clean up, chlorides and
water penetrated into the case.

Then the dip tin operation of package leads brought tin over holes and cracks making
the case hermetic with corrosives inside it. Heraetleity test was then within specific-
ations. Parts were said good parts : it is the Trojan horse of corrosion.

By interchanging phases 'HERHITICITY- and *DIP TIN* the problem was solved.

4. FUTUR TABODS

Anti-corrosion technics are well known. Tet in spite of this, we observe a great
deal of failures in the field owed to corrosion attacks. Maintenance cost is consequently
at a soaring level.

Influence of corrosion in maintenance cost is still not clear, if not to say un-

known.

To have a good understanding of it. it would be necessary to :

- systesticolly perform analysis of avionics corrosives,

- systematically perform analyses of their origins and effects,

- systeastically perform analyses of failures in the field.
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