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m Capacity to absorb
~ vibration and impact

gn.esium Properties

Traditional alloys have
low strength at elevated
temperatures

Traditional alloys have
low resistance to creep:
elevated temperatures
and constant loading
lead to additional
deformation over time



require

uishing behavior
cabin interior

= High strength
requirements

hat’s stopping us?

SAE AS8049:
Performance Standards
for Seats in Civil
Rotorcraft, Transport
Aircraft, and General
Aviation Aircraft

Section 3.3.3 prohibits the
use of magnesium and its
alloys in the cabin interior

TSO certification requires
compliance to SAE
AS8049
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EVALUATING THE FLAMMABILITY
MAGNESIUM ALLOYS

Current flammability testing is being
supported strongly by the FAA

nnical Center. Large, machined
primary components of the seats
(legs, spreaders, cross tubes) will be
excellent candidates for magnesium
usage.




Vlechanical Properties

onents is crucial

Include 16G longitudinal, 14G download
nead and knee path evaluations

For each test, blunt force trauma,
seatback deformation, and sharp
edges will be evaluated. The
lumbar and femur loads will also
" e assessed.

For an aircraft seat, design,
processes, and materials all play
a part in the integrity of the
structure. Crucial material
properties include ultimate and
yield strength, percent elongation
under load, and impact
resistance.



Corrosion

ne of the most electropositive metals

2ctrolyte with a more cathodic
ent, magnesium serve as a sacrificial anode.
rities in the magnesium alloy can also result in
lon by creating an internal cathode.

r normal environmental conditions (no sustained
re or exposure to electrolytes), magnesium
alloys exhibit corrosion resistance comparable to or
better than mild steels.

= Corrosion mechanism results in the formation of a
protective oxide film.




Types of Corrosion

solutions, an
“electrochemical reaction results
in the dissociation of magnesium
with water to produce a
crystalline film of magnesium
hydroxide and hydrogen gas.

General corrosion can be
reduced by utilizing high-purity
alloys without introducing flux
Inclusions.

m Galvanic corrosion

= Dissimilar metal-to-metal contact
bridged by an electrolyte results
in corrosion of the less noble
metal.

= Stringent design and assembly
practices can reduce the risk of
galvanic corrosion.




Types of Corrosion

@ Localized Attack
= Pitting
o Atmospheric attack leads to
surface roughening

o Crevice Corrosion

= Trapped moisture leads to
increased corrosion of the
metal due to the development
of an anodic region within the
crevice because of the
exclusion of oxygen.

Electrolyte enters through cracks in = I nte rg ran u Iar CO I'I’OSIO n

paint film Fain;t___!‘ilm Cladding

N o Occurs at grain boundaries
‘ - and is due to the precipitation
of a secondary phase

o Filiform Corrosion

o \Water and oxygen migrate
through protective coatings

; and create active

Intsegeansler comodian 707516 microgalvanic cells

Steel fastener Aluminium



Elektron™ 43

ors for magnesium alloys in aerospace
resistance at elevated temperatures,
sistance, and improved

2d to the development of

3, trademarked as Elektron 43

on 43 is well suited for age hardening due to the
m and rare earth content

compounds of Mg-Nd and Mg-Y are able to form
In equilibrium with the magnesium solid solution.
Maximum strength is achieved through age-hardening
treatments.



tained at 35° C The
les were placed into the
ber at an angle 15 - 30°
e vertical and tested for
S per ASTM B117 [70].
Ing the test, the samples
Insed in deionized water
mer than 38° C and

0 air dry. The panels
were then visually examined for
signs of corrosion and assessed
according to the criteria
specified.

[=]

sion Testing: Salt Spray

Pass / Fall Criteria

No more than five
Isolated spots or pits per
test specimen OR no
more than fifteen
Isolated spots or pits on
combined surface of all
five specimens

Spots or pits must not
exceed 0.031” In
diameter



on Testing: Salt Spray

ted with 1

Surface
10NS

ent chromate coating
it chromate coating
_ C powder coat
letals performed
equivalently in all
surface conditions
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Coating Thickness

Sample ID Measured thickness

(inches)

Magnesium, M11 0.0023

Magneszium, M12 0.0027

Magnezium, M13 0.0022

Alumminum, A11

Alumirnum, A13

det |mag O HFW 300 ym
1:31:10PM [ETD| 271 x [1500kV| 5.0 | 946 pm UNT Quanta 200

Sample M12, after salt spray = 0.00269” (2.69 mils)




of

e lattice patterns
cribed into the
ce of the coating,
with eleven cuts
illimeter apart.

@ 3M 250 tape is applied
over the scribe marks
and smoothed in place
to ensure good contact

\
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Coating Adhesion

The tape is removed in
one smooth motion at an
angle of 180° from the
face of the sample.

The sample as well as the
tape is visually examined
for intercoat separation

any adhesion loss is rated
per the ASTM standard.

Pass / Fall criteria

= Small flakes of the coating
allowed to detach at lattice
intersections; however,
less than ten percent of
the surface area allowed
to be affected.
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ntal Scanning Electron
Microscopy

ing the reported
try of the Elektron 43

uctures were located
using SEM, then the surface
was mapped using EDAX.
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Figure 3-43 Figure 3-44 Figure 3-45
Magnesium matrix Yttrium precipitates Zirconium precipitates
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cteristics

boughout the DN
etal with a dispersion  Ziz: o e
of precipitates within the

matrix.

det ”;nag B
BSED | 3082 x

UNT Quanta 200




M Analysis following salt spray
esfing: Bare samples

ay testing, the
ples with the most evidence of

corrosion products were selected for R ol
additional analysis. -~ r
~
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ESEM Analysis following salt spray
testing: Bare samples

= Within the crack, the
percentages of sodium and
chlorine were found to be
very slightly higher than on
the overall sample. The
amount of magnesium within
the crack was slightly less
than the average. Other
elements remained
proportionally equivalent.

@ This finding indicates that the §
sodium chloride solution was
able to penetrate the
magnesium matrix, initially
via a pitting mechanism.




Analysis following salt spray testing:
rivalent chromate coated samples

e characteristic petals of
magnesium oxide and plates of
magnesium hydroxide are still

clearly visible

C: 4 EDRX32\ CENESIS' CENMAF § . SBC

< Ft. 1 Epots

KV:LE.0 Tilt:-0.20 Toff:34.66  Dat:SUIN Raso:131.0  Amp.T:102.4
FE : 11357 Lsac : 18.7 Prat:0C 25-Apr-2013 21:28:40

FL @ s B
4/25/2013
10:26:50 PM [ETD | 3 490 x [16.00 kV| 5.2 |73.4 ym UNT Quanta 200
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I Analysis following salt spray testing:

Figure 3-58 Figure 3-59

Trivalent chromate coati i : 1 .
& TR Trivalent chromate coating on magnesium,

salt spray testing after salt spray testin
Image credit: Dr. Bruce Davis, MEL e 9

@ EDAX measurements of the surface reveal the chromium
and fluorine components of the chemical film. The
presence of these elements verifies that the film is still
present on the sample following salt spray testing.



ESENM Analysis following salt spray testing:
Irivalent chromate coating + powder coating
samples

@ Analyzing the powder coated
samples proved to be a challenge
as standard voltage accelerations
destroyed the coating.

4/26/2013 | det [mag O] HV [spot| HFW 400 pm \
12:52:21 AM |[ETD| 245x |2.40kV | 5.8 |[1.04 mm UNT Quanta 200 \

Carbon, oxygen, nitrogen,
aluminum, and silicon are all
components of the TGIC powder
coat chemistry. At 0.60 weight
percentage, the magnesium value
detected is negligible.




Conclusions

e magnesium alloy Elektron 43 performed at the same
ance of aluminum alloy 7075-T651 for all three
Ivalent chromate coated, and trivalent chromate

lon testing showed that the trivalent chromate coating formed an
nt substrate for the powder coat. All samples were rated at the
level; no loss of protective coating was observed.

etermined that the artificial aging process resulted in a multi-phase

| containing a-magnesium matrix, yttrium/zirconium cuboids and
yttrium/neodymium precipitates. The grains were recrystallized and evenly
distributed. Cubic particles mostly located along grain boundaries were
determined to be primarily composed of yttrium. A smaller number of
spheroid precipitates were observed and determined to be composed of
yttrium and neodymium.



Conclusions

the corrosion products were composed of
d magnesium hydroxide. The lack of the
in pitting.

samples which recei trivalent chromate coating exhibited
me corrosion products, but in thicker sections. EDAX

ed the presence of fluorine and chromium from the

d coating.

> samples which received a trivalent chromate coating as well
asp er coat performed very well. No pitting, cracks, or other
corrosion was evident. Corrosion products were limited to areas
that had not been protected, such as tooling holes. The surface of
the powder coated sample exhibited no build-up of corrosion
products.




ecommendations

nalysis on both the bare and trivalent chromate
tes that it is absolutely necessary for
e a more robust and protective coating

results show conclusively that, in terms of corrosion,

n 43 can easily be treated with industry standard coatings
nt chromate and TGIC powder coating) and will meet the
ments for usage in aircraft cabin interiors.

= Itis cautioned that, even with excellent protective coatings,
dissimilar metal contact and liquid entrapment should be
eliminated during the design phase.



