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ABSTRACT

The Supersonic Particle Deposition (SPD) process has been
developed substantially over the past decade and is currently
used in a wide variety of applications, particularly geometric
restoration. However, the SPD repair for structural applications is
still under development and requires extensive testing and
qualification. Further, a fundamental understanding of the driving
force and micro-mechanism involved in the failure mechanism,
environmental assisted cracking (EAC) is still not matured, and,
not completely understood in the SPD coating. Thus, this project
focuses on the development of experimental data for SPD
repaired Al 7075-T651 0.25” plate and understanding the failure
modes and mechanism involved. To study the structural behavior
of the SPD coated 7075 Al, both static and fatigue performance
were evaluated in ambient and humid environments. The study
involves simulating a 20% thickness loss by milling Al 7075 master
plates (9.1” x 8.75”) followed by depositing Al 7075 spray atomized
powder using the SPD process. The following figure shows a
schematic of a high pressure SPD process similar to the one used
in our study.

RESULTS

Microscopy

Corrosion Studies

Open circuit potential measured on 7075Cyclic polarization measured on 7075T651 Al plate and 7075 SPD coating in 1 M T651 Al plate and 7075 SPD coating in 1 M
NaCl solution
NaCl solution
Optical micrograph shows 7075 Al
SPD coated on a 7075-T6 Al plate

SEM micrograph shows clear interface
with good bonding

Tensile Test
Mechanical properties of SPD repaired 7075 Al plate
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• - DOT/FAA/AR-MMPDS-1
SEM micrograph shows early stages of
pitting surrounding the intermetallic
particles in 7075-T651 (680 mV Vs Vref ) in
1 M NaCl solution

SEM micrograph shows absence of pitting
and presence of uniform mild corrosion in
SPD - 7075 (680 mV Vs Vref ) in 1 M NaCl
solution

SUMMARY
Schematic of a SPD process

•

CURRENT APPLICATION

•
Stress-strain curves measured using strain
gauges on both coating and substrate

Fractograph shows ductile failure in the
coating indicates load transfer

•

Fatigue Test
•

•

Fatigue life of SPD repaired 7075 Al in
ambient and humid environment

Humid environment setup

Current study shows the SPD process is promising for
structural repair
Continuous strain measurement until the yield point
indicates good adhesion and cohesive bonding in the coating
The fatigue study revealed no delamination on the coating
even under R = -1 under all stress conditions tested,
indicating good coating integrity
Salt fog exposed coupons showed corrosion damage on the
substrate that resulted in inferior fatigue performance in a
humid environment due to crack nucleation from the
corrosion pit in the substrate
Open circuit potential shows the SPD coating can provide
cathodic protection, possibly due to presence of
supersaturated solid solution in the SPD coating compared
to the intermetallic particle distribution in parent material
•
Care needs to be taken on the porosity as it
affects the corrosion behavior during longer
exposure

Application of SPD currently in service

FUTURE WORK

EXPERIMENTS

• Residual stress measurement and understand its influence on
fatigue characteristics

Materials

• Inhibitor role on the SPD coating

• Substrate 7075-T6 Aluminum alloy, SPD coated 7075 Al powders
using VRC Gen III, particle size 40 mm: plate thickness - 0.25”
and coating thickness - 0.05” thickness

• Characterization:

• Microscopy, Static and Fatigue, Corrosion
 Constant Amplitude at 18, 29 and 35 ksi, R=0.5, 0.02 and -1,
ambient and humid environment after salt fog exposure for
126 hours
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