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EXECUTIVE SUMMARY

New environmental legislation will heavily
discourage the future use of cadmium
plating protection systems. This paper
argues that TTH Plating is the best
environmentally  acceptable technical
solution for corrosion protection  of
aerospace aluminium components. TTH is
a proprietary co-deposited PTFE Nickel
corrosion  protection  plating  system
developed by Icore International which
meets/exceeds the recognised performance
requirements of aerospace electrical
interconnects.

Extensive  testing, development and
experience have shown that the mechanical
properties of the plating allow the
consideration of TTH protected aluminium
in mechanically demanding and aggressive
corrosion environments, where stainless
steel was previously preferred, e.g. landing
gear, bomb bays and amphibious
applications.

The low friction surface properties of TTH
are so exceptional as to allow its use to
resist barnacle growth on underwater sonar
applications without any toxic impact.

The real world experience is that TTH
outperforms cadmium based systems for
aluminium corrosion protection and has
proven to be a reliable non-toxic alternative
to cadmium plating.

1.0 BACKGROUND

1.1 ENVIRONMENTAL

Cadmium has long been an effective and
recognised solution for providing an
electrically conductive corrosion protection
system on aluminium electrical
interconnects for aerospace and defense
industries. However, cadmium is a highly

toxic and carcinogenic material. Long-term
exposure at even low levels in air, food, or
water can lead to a cadmium build-up in
kidneys, causing various health problems.

Europe, (in particular the Nordic region),
Japan and other countries are enacting
legislation to ban or heavily penalise the
use of cadmium. The pressure of ever
tightening environmental legislation is
illustrated by the rapid enactment of
environmental management standards (1ISO
14001). A further example is a proposed
Californian State Law (pioneer of global
environmental legislation) reducing the
allowable effluent stream discharge level of
cadmium from 0.5ppm to 0.3ppm. The
adoption of ‘polluter pays’ environmental
legislation is reducing the cadmium plating
supplier base, thus driving prices upwards.

As a result, the aerospace and defence
interconnect industry is under pressure to
replace cadmium plating. Selected
examples of aerospace and defence
companies actively demanding cadmium
free electrical interconnect solutions for new
build programs are:

Rolls Royce new engine policy
DD21 New US Navy ship
Saab Aerospace

Airbus

The authors argue that a nickel based
plating  solution IS ‘environmentally
acceptable’ when compared to heavy metal
toxic materials like cadmium, while
recognising that nickel does have an
environmental impact.



1.2 PLATING PROTECTION
REQUIREMENTS

In non-electrical applications  where
electrical conductivity is not required there
are a number of alternative corrosion
protection solutions including anodised,
painted and ceramic plating solutions.
These are however not suitable for the
majority of aerospace electrical
interconnects.

The key requirements of a plating providing
corrosion protection for  aluminium
components used in the electrical
interconnects of aircraft and similar
applications are listed below.

Corrosion protection — minimum 500
hours of salt spray corrosion protection.

Electrical conductivity — similar electrical
conductivity to cadmium over nickel.

Thermally stable — retaining mechanical,
electrical properties and corrosion
resistance properties up to 200° C.

Abrasion and mechanically damage
resistant — good mechanical strength
that resists mechanical damage of the
plating.

Good plating adhesion — good plating
adhesion is required to resist flaking.

Low friction durable surface — suited to
multiple use without damage and resists
cold welding of mated components
when subjected to repeated use.
Aerospace fluid resistant — Resistance
to common aerospace fluids.

1.3 CORROSION PROTECTION

Identifying a cadmium replacement for
aluminium interconnects represents a major
challenge, as there are no direct non-toxic

alternative materials providing the
necessary combination of properties that
cadmium offers.

Plating corrosion protection of aluminium
can be achieved by either:

Sacrificial cathodic protection — when
exposed to an electrolyte (wet salt
environment) elements in the
electrochemical series that are anodic
(active) to aluminium will corrode in
preference to the aluminium. Sacrificial
plating remains effective even when a
local area is removed (damaged).

Barrier protection — protective plating
provides an impermeable barrier
preventing the corrosive environment
from contacting the aluminium. Barrier
protection effectiveness depends on:

Selection of a chemically inert barrier
material, preventing corrosion.

Formation of a continuous protective
barrier.

Mechanically resilient protective barrier.

Cadmium primary corrosion mechanism for
aluminium protection is sacrificial, with an
element of barrier protection.

Researchers have tried hard to establish a
sacrificial plating for aluminium to replace
cadmium, but few materials are anodic to
aluminium within the electromechanical
series.

Zinc offers a non-toxic sacrificial corrosion
plating protection for aluminium and has
been explored extensively as a possible
replacement for aerospace interconnects.
Zinc alloys are not as effective as cadmium



in providing sacrificial protection, and also
exhibit numerous limitations, preventing
wide acceptance for aerospace aluminium
electrical interconnects, for example:

Zinc corrodes significantly faster than
cadmium within a corrosive
environment.

Alloying elements required to provide
acceptable  corrosion  performance
compromises electrical conductivity.

High temperature performance
limitations of corrosion and electrical
conductivity.

Voluminous by products of corrosion
can fuse mating components preventing
repair and replacement.

Zinc leaching can contaminate aircraft
fuel systems possibly mechanical
problems for hot engine components.

1.4 TTH Overview

In response to the cadmium free challenge,
and recognising the difficulty of providing
sacrificial plating of aluminium, Icore
developed a barrier protection system
offering superior corrosion protection than
cadmium. The plating is a proprietary
nickel-PTFE process, branded TTH Plating.

Nickel is a first rate barrier protection
material for aluminium electrical
interconnects  offering an  excellent
combination of electrical, mechanical and
corrosion resistant properties. However,
thin nickel plating is porous allowing the
aluminium to be rapidly attacked.
Conventional nickel plate over aluminium
has a poor 48 hour salt spray corrosion
rating. Numerous nickel-PTFE platings are
commercially available where the PTFE
significantly reduces, but does not eliminate

the plating porosity, these platings typically
achieve a modest 250 hour salt spray
performance.

TTH plating process effectively eliminates
the nickel porosity, preventing contact of
corrosive environment with the aluminium,
significantly increasing the corrosion
performance. Extensive testing has shown
that if plating is subject to excessive
mechanical damage, the plating remains
attached around the corrosion site and is
flake resistant.

The nickel content is thermally stable,
chemically resistant, electrically conductive,
and resists all but very severe mechanical
damage. The PTFE element provides a
high lubricity non-galling surface, ideally
suited for reliable multiple mates and de-
mates of threaded components.

This paper argues that in the absence of a
proven sacrificial cadmium replacement
protection plating for aluminium, then
barrier protection platings should be
considered. Nickel, with its excellent
corrosion resistant properties would provide
the ideal barrier plating material for
aluminium, if the thin plating layer were free
of porosity. Sections 2 + 9 of this paper
examines the performance of a non-porous
nickel plating (TTH) for aluminium circular
backshells and connectors against the
performance requirements as described in
section 1.2.

1.5 AEROSPACE 38999 CONNECTORS
SPECIFICATION

This report frequently refers to the MIL-
DTL-38999 series Il & IV aluminium
connector specification. The 38999
specification describes a comprehensive
and demanding product qualification that



defines a ‘bench mark' for aerospace
circular aluminium connectors.

2. 0 CORROSION RESISTANCE

As with other platings, TTH corrosion
failures are often initiated at stress
concentrations offered by surface
discontinuities + heavy knurls, etc.
Corrosion onset is delayed in practice by
good design to avoid folds of metal and
sharp corners. The use of TTH significantly
delays the onset of aluminium corrosion,
the optimum results being achieved with the
combination of TTH plating and good
design practice.

2.1 SALT SPRAY TESTING

A widespread method to help evaluate
corrosion performance of aerospace
components is to subject the parts to a
continuous salt spray test. Corrosion
performance is measured in time, ranging
from a few hours to many thousand.
Accepted ratings for common platings
protecting aluminium surfaces are:

Nickel 48 hours

Conventional nickel/PTFE 250hours

Cadmium over nickel 500 hours

TTH plated aluminium connector backshells
regularly attain 2,000 hours salt spray
performance. The superior TTH
performance has been verified by a number
of independent customer tests. See Fig 1
for a TTH plated aluminium backshell
mated with an electroless nickel plated
connector after 2,000 hours of salt spray
exposure.

Fig 1 - TTH plated aluminium backshell
mated with an electroless nickel plated
connector after 2,000 hours of salt spray
exposure.

While the elimination of plating stress
concentrations is required to maximise
corrosion  resistance, the  corrosion
performance of TTH plated aluminium
threaded components is excellent, see Fig
2 for 16mm nut after 3,600 hours salt spray
exposure.

Fig 2 £ TTH plated aluminium16mm nut
after 3,600 hours salt spray exposure.

2.2 SULPHUR FOG SALT SPRAY
TESTING

The sulphur fog test described below
demonstrates the inherently superior
corrosion resistance of TTH compared to
cadmium. Chemistry dictates that this is



inevitable once a nickel plating can be
reliably produced as a non-porous layer.

US Navy above deck interconnects are
subjected to a severe chemically hostile
environment, as ship and aircraft engine
exhaust emissions combine with the natural
salt atmosphere to produce a corrosive
aggressive environment, which rapidly
attacks cadmium plated aluminium
interconnects.

A US Navy investigation determined that
the accepted aerospace salt spray testing
method does not replicate the real world
environment  surrounding US  Navy
warships + reference 1. To reproduce real
world cadmium protected interconnects
experienced by the US Navy and provide a
tool to evaluate corrosion protection of
alternative  solutions, the US Navy
developed an accelerated test + sulphur fog
salt spray test. The sulphur fog salt spray
test is a combination of the conventional
salt spray procedure, a sulphur dioxide

(SO,) gas injection and extended periods of
high humidity soaking. The US Navy
acceptance target for sulphur fog salt spray
testing is 200 hours.

Surface optimised TTH plated aluminium
components regularly achieve 200 hours
when subjected to the US Navy sulphur fog
salt spray test, see fig 4 However,
cadmium is rapidly attacked chemically by
the aggressive sulphur dioxide
environment, with visible evidence of
corrosion after only 25 hours exposure.
See Fig 5 for a cadmium over nickel plated
part after to 200 hour sulphur fog salt spray
exposure.

Fig 4 £ TTH plated part after 200 hours
sulphur fog salt spray exposure

Fig 5 £ Cadmium over nickel plated part
after 200 hours sulphur fog salt spray
exposure

US Navy comparative testing concluded
that stainless steel offered the best
corrosion protection to the aggressive and
harsh sulphur fog environment for above
deck Naval electrical interconnects.
However, TTH plating of aluminium offered
the best optimised solution to weight
sensitive interconnect applications + radar
masts, super structure, etc.

2.3 REAL WORLD EXPERIENCE

The original TTH plated aluminium
application was to replace a marine
helicopter tail rotor electrical interconnect
where the existing cadmium plated fittings
suffered corrosion after only a few months.



However, a TTH plated aluminium solution
mated with a stainless steel connector is
still in operation after six years successful
operation, exposed to the harsh
environment of the North Atlantic. To save
valuable weight, the customer is proposing
to upgrade the stainless steel connector to
a TTH plated aluminium solution.

TTH plating has been used to protect
aluminium above deck interconnects for the
US Navy AEGIS class destroyers since
1998.

3.0 ABRASION & MECHANICAL
DAMAGE RESISTANCE

This section demonstrates the high
resistance of the TTH layer to mechanical
damage. The superior inherent resistance
to chemical corrosion of TTH compared to
cadmium was established in section 2.0. It
is concluded that in the absence of
sacrificial protection TTH offers an
exceptionally effective barrier protection for
aluminium interconnects and can be
considered for high abrasion applications
where stainless steel interconnects are the
default selection i.e. undercarriage, bomb
bay, etc.

Two tests were conducted to simulate the
combination of TTH plated aluminium
subjected to high abrasion/mechanical
damage within corrosion environments.

Bead blasting + plated aluminium
backshells samples were bead blasted and
exposed to a 500-hour salt spray test.
Bead blast details - 0.0041 to 0.0083"” bead
size for in excess of 5 seconds from a
distance of approx. 2”. The entire blasted
area was visibly lightened in colour & rough
to the touch.

No evidence of corrosion was detectable
after the corrosion test, see Fig 6 (note
bead blasted region is below the red line).

Fig 6 £ TTH plated part after bead blasting
and 500 hour salt spray exposure.

Vibro Etch + plated aluminium backshells
were hand vibro-etched and exposed to a
salt spray test for 436 hours. It was
surprisingly difficult to mark the TTH parts
with the Vibro etcher illustrating their
resistance to mechanical damage, see fig
7. The scratched TTH plated components
showed no evidence of corrosion (plating
barrier layer was not breached) illustrating a
high resistance to the combination of
mechanical damage and corrosion. See
Fig 8.

Fig 7 £ TTH Vibro-etched



Fig 8 £ TTH Vibro-etched after 436
hour salt spray exposure

4.0 PLATING ADHESION

The abrasion and mechanical damage
resistance of TTH was demonstrated in
section 3.

A key issue is to examine the effect of
corrosion on mechanically damaged TTH
plated components. In this situation,
cadmium will continue until corroded to give
protection via its sacrificial action.

Cadmium and cadmium-over-nickel based
platings can ‘flake' around corrosion sites,
but TTH corrosion remains localised to the
damaged area. An area of TTH plating was
deliberately removed from an aluminium
backshell by a filing, (see fig 9) and
subjected to a 436-hour salt spray test.
After testing the plating remained firmly
adhered to areas directly adjacent to areas
of corrosion = difficult to pick plating away
by a sharp object, see Fig 10. The TTH
corrosion protection benefited substantially
from the good plating adhesion and its
resistance to the extension of the corroded
areas. A flake resistant plating provides
reduced foreign object damage (FOD).

Fig 9 = Deliberately damaged TTH
plated backshell

Fig 10 £ No flaking TTH adjacent to
exposed corrosion region

5.0 ELECTRICAL CONDUCTIVITY

TTH  provides acceptable electrical
conductivity for use as a protective plating
on aluminium electrical interconnects.

Good electrical conductivity is critical for
electrical interconnect components to
provide a low grounding resistance path,
maintain effective shielding and provide a
low resistance path for a lightning strike.

Acceptable electrical conductivity of TTH
plated aluminium interconnects was
confrmed by a simple comparative
electrical resistance test of TTH plated
backshells against identical cadmium over
nickel components. The end to end
electrical resistance of various cylindrical
backshell components was measured using
a micro ohmmeter. The electrical
resistance measurements of the TTH plated



aluminium parts were equivalent to the
identical cadmium over nickel specimens.

Lightning strike performance was evaluated
by subjecting a TTH plated aluminium
38999 shell size 13 backshell, see fig 11, to
a 10kA single strike in accordance with
waveform 5B from RTCA/DO-160C.

Satisfactory TTH electrical conductivity for
aluminium is also confirmed by the
independent 38999 connector testing as
described in section 9.0.

Fig 11 £ TTH plated backshell subjected to
lightning strike test

6.0 TEMPERATURE PERFORMANCE

Satisfactory temperature performance was
established by subjecting 38999 (shell size
15) connectors TTH plated to the
temperature cycling requirements of the
“benchmark® 38999 specification.  The
mated connectors were subjected to 5
cycles of:

Step 1: Place in freezer at -65&éC for
30 minutes.

Step 2: Within 2 minutes transfer to
an oven (thermal shock) at +200&C.

Step 3: Hold at 200éC for 30
minutes.

Step 4: Within 2 minutes transfer to a
freezer (thermal shock) at -65&C.

This temperature test was part of a
sequential group test, all samples
successfully passed - see section 9 on
plated connectors.

7.0 LOW FRICTION DURABLE SURFACE

The PTFE content of TTH provides a low
fricion and durable surface offering
electrically and mechanically resilient
surfaces suitable for multiple mate & de-
mates. Electrical interconnect applications
require reliable products with repeatable
mates and de-mates cycles of relatively fine
threads = typically 1mm pitch. Repeated
cycling of identical materials like stainless
steel can cause galling (cold-welding) of the
threads, often fusing mating parts together,
and thereby preventing repair or
replacement. As cadmium is relatively soft,
repeated cycling can also smear and
degrade cadmium-plated surfaces. Five
TTH plated aerospace mated connectors
satisfied the 38999 requirement of 1,500
mate / de-mate cycles during a 2,000 hours
salt spray qualification test, see section 9
on connectors.

An interesting side observation:- a
European University recently concluded
that (formal report not issued yet) a TTH
plated magnesium sonar buoy resisted
corrosion in a marine environment and due
to the low friction surface, the plating
provided exceptional barnacle growth
resistance without toxic impact.

8.0 FLUID RESISTANCE
The nickel and PTFE elements of TTH are

chemically resistant to the common
aerospace fluids. No corrosion problems



have been reported with in-service TTH
plated aluminium interconnects.

9.0 TTH PLATED 38999 CONNECTOR
TESTING

Circular TTH plated 38999 connectors have
passed the key performance requirement of
the connector standard. Responding to
market demands for TTH plated aluminium
connectors, major connector manufacturer
TTH plated 38999 shell size 15 mated
connectors. The mated connectors were
then subjected, using an independent
laboratory, to the key qualification tests of
the MIL-DTL-38999 series Ill standard +
reference 2.

Test were performed in three sequential
groups, Group 1, 2 & 3, details shown in
Appendix 1, Tables 2, 3 & 4.

The noted observations post test were:

i) A minor drift of shell to shell
electrical continuity, 2.64 mohms
maximum instead of 2.5mohms
measured after 2,000 hours salt
Spray. This value is within
acceptable limit of 5 mohms after
conditioning for a 38999 class W
(conductive olive drab cadmium over
nickel) surface finish. As the 38999
standard salt spray corrosion
conditioning requirement is only 500
hours, the low continuity
measurement IS considered
extremely good. A cadmium based
plating finish would arguably exhibit
a significantly higher continuity
resistance after 2,000 salt spray
exposure and multiple mates/de-
mates.

i) Corrosion marks on coupling nut
knurlings and receptacle flanges
after 1000 hour salt spray test. The
test samples were not surface
optimised, leading to corrosion sites
at stress concentrations. Surface
optimisation (in particular reduced
knurling) would reduce the noted
corrosion marks.

iii) Adhesion of red and blue band
marking was inadequate for the
ageing tests. Subsequent to these
tests, a commercially available paint
developed for  marking  high
temperature surfaces has been
identified and successfully tested on
a TTH surface.

10.0 APPLICATION GUIDANCE

Various corrosion protection solutions for
harsh environment aerospace interconnects
are commercially available to design
engineers, for example

Cadmium over nickel on aluminium
substrate.
Nickel over aluminium substrate.
Stainless steel.
Thermoplastic composite (plated with
copper/nickel to provide electrical
conductivity & shielding).
Titanium.
TTH plating on aluminium substrate.
A general performance comparison of each
system is  shown in  table 1.



Corrosion | Relative | Environmental Lighting Abrasion - Relative cost
(salt-spray | weight impact Strike robu stness
hours)
Cad/nickel 500 1 Toxic >20kA Reasonable Low
over
aluminium
Nickel over | 50 -100 1 Acceptable >20kA Reasonable Very low
aluminium
TTH over | 2,000 1 Acceptable >20kA Good Moderate
aluminium
Stainless 2,000+ 2-3 Acceptable >20KkA High High
Steel
Composite | 2,000+ 0.9 Acceptable <10kA Low High tooling
costs
Titanium 2,000 0.7 Acceptable >20KkA Low Very high

Table 1 £ Performance characteristics of various corrosion protection systems

So why & where would you use consider
TTH plated aluminium plated connectors
and backshells?

)

Environmental £ applications where
cadmium is banned for
environmental reasons and weight is
a key factor + flying applications.
Weight —  applications  where
stainless steel products are chosen
for abrasion and corrosion resistance
+ bomb bay, undercarriage, exposed
areas, etc.

Cost - TTH plated parts generally
offer a cost saving over stainless
steel products.

Direct lightning strike — applications
being considered for composite
solutions that demand a high
lightning strike performance.

11.0 CONCLUSIONS

)

Environmental and market trends
continue to discourage the use of
cadmium plating.

No sacrificial alternative
environmentally acceptable plating
protection has been identified for

ii)

aluminium electrical interconnect
products satisfying all of the
recognised performance
requirements:

Corrosion * salt spray and

aerospace fluids

Good electrical conductivity

Good temperature performance
High abrasion and mechanically
damage resistant

Good plating adhesion

Low friction durable surface

This report demonstrates compliance
of TTH plated aluminium with the
recognised interconnect aerospace
performance requirements.

TTH offers a proven barrier system
protection system for aluminium
electrical interconnect products for
harsh corrosive aerospace
environments.

TTH plated 38999 connectors satisfy
the requirements of the connector
"bench mark' 38999 qualification
standard.



Vi) TTH is a proven aluminium corrosion
protection replacement for cadmium
based systems.
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APPENDIX 1

Table 2 - TTH plated 38999 connector testing £ Group 1 + Total 5 samples tested

Test Requirement Test paragraph
paragraph
Visual Inspection 3.1 45.1
Temperature cycling 3.8 4.5.4 + 5 cycles -658C/+200€&C.
Coupling torque 3.10 4.5.6
Shell to shell conductivity | 3.28 4.5.24
Salt spray dynamic test 3.16 45.12.2 =+ 1952 hours mated &

48 hours unmated with 1500
cycles durability

Coupling torque 3.10 4.5.6

Shell to shell conductivity | 3.28 4.5.24

EMI shielding 3.31 4.5.27 - 90dB @ 100MHz, 85dB
@ 1GHz

Post test examination 3.43 4.5.42

Table 3 - TTH plated 38999 connector testing = Group 2 + Total 5 samples tested

Test Requirement Test paragraph
paragraph

Visual inspection 3.1 45.1
Temperature cycling 3.8 454
Coupling torque 3.10 4.5.6
Shell to shell conductivity | 3.28 4.5.24
SO2 sulphur fog spray test | US Navy | 200 hours mated
Coupling torque spec
Shell to shell conductivity 4.5.6
External bending moment | 3.10 4.5.24
EMI shielding 3.28 45.15

3.19 4.5.27 - 90dB @ 100MHz, 85dB
Post test examination 3.31 @ 1GHz

4.5.42
3.43

Table 4 - TTH plated 38999 connector testing = Group 3 £ 2 samples tested

Test Requirement Test paragraph
paragraph
Visual inspection 3.1 45.1
EMI shielding 3.31 4.5.27 + 90dB @ 100MHz, 85dB
@ 1GHz




