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Background and

Motivation

Since thermal spray-
ing process allows use
of a wide variety of
materials that melt
without decomposing
to make a coating,
thermal spray coating
technologies are wid-
ely used in many sec-

tors to protect surfaces against heat,
wear, or corrosion. There are various
thermal spraying technologies that may
produce coatings with different micro-
structures. Even the same spraying tech-
nology, depending on operating
parameters, may result in different coat-
ing microstructures.

Since the operational cost of thermal
spraying is relatively high, developing
new coatings through large numbers of
experiments is not economical. A com-
puter model capable of predicting the
coating properties as a functionof process
parameters will greatly reduce the devel-
opment time and cost. It can also improve
and optimize the design of spraying guns
and tailor coating properties to meet the
needs of individual applications.

The objective of this research program
was to extend and improve a stochastic
model of thermal spray coating forma-
tion and accurately predict coating
properties as a function of process
parameters.

Methodology

The model assigns impact properties to
molten droplets landing on the substrate
by generating random values of process
parameters, assuming that these proper-
ties follownormal distributionswithuser-
specified means and standard deviations.
By expressing particle impacting velocity
as a function of particle size and temper-
ature, the degree of freedom in the simu-
lation can be reduced. The size of the splat
formed by an impacting particle with
known size, temperature, and velocity on
a solid surface are calculated using a
simple analytical expression proposed by
Aziz and Chandra (Ref 1).

Based on experimental results, and some
simulations of sequential droplet impact
using a three-dimensional model (Ref 2)
four possible scenarios for the second
splat shape formed by two-droplet
interactions have been developed. The
shape of the second splat depends on the
offset distance between the two inter-
acted droplets.

Porosity is defined as the fraction of the
total coating volume occupied by voids.
To date, two possible sources of porosity
have been considered: curling up at the
edges of splats due to thermal stresses
and incomplete filling of interstices dur-
ing deposition (Ref 3).

The spraying gun can be user-specified
as a moving gun with defined motion
speed or as a stationary gun with defined
position. When a specific number of
passages have been reached, or a specific
amount of coating mass/time has been
consumed, the deposition process will
stop and the coating properties will be
calculated.

A three-dimensional Cartesian grid is
used to define the computational domain
and to track the shape and position of
the coating surface. The structure of the
coating is defined using the variable
known as volume-of-fluid (f) (Ref 1)
defined as the fraction of a cell volume
occupied by the splats.

Major Results

The deposition of yttria-stabilized zir-
conia (YSZ) particles on a stainless steel
surface is taken as an example to present
the coating simulation results. The first
result is from a simulation in which a
stationary gun was standing at a dis-
tance of 50 mm from the substrate, with
a powder mass flow rate of 0.13 g/s. The
gun was positioned at the center of the
substrate. Figure 1(a) shows the coating
profile after the gun sprayed for 10 ms.
The Gaussian shape of the profile is very
similar to those observed experimentally
in Fig. 1(b).

In the next simulation, the gun moved at
0.4 m/s to-and from along the x-direc-
tion for four passages. The simulated
coating profile is shown in Fig. 2. Since
the gun-disperse angle is relatively large,
the particles were deposited evenly and
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Fig. 1 (a) Simulation image of the coating surface formed by YSZ particles deposited on a
1 · 1 mm2 stainless steel substrate with a stationary gun positioned at the substrate center.
(b) Typical experimental topology of coating produced by a stationary gun
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formed a flat coating with some surface
roughness.

To examine the effect of particle size and
velocity on the coating properties, the
deposition of two different sizes of parti-
cles with impact velocity between 50 and
�250 m/s is simulated. The average
diameters of the particles are 15 and
25 lm. Figure 3 shows the values of
porosity, average thickness, and rough-
ness with particle size and velocity. All the
coating properties, porosity, average
thickness, and roughness, are found to
decrease with impact velocity. Figure 3
also demonstrates that a coating formed
by larger particles with 25 lm average
diameter has greater porosity andaverage
roughness than that formed by smaller
particles with 15 lm average diameter.
This agrees well with experimental re-
sults. Also, it is the first time that we can
correctly predict the relation between
coating properties and particle size.
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Fig. 2 Simulation images of the coating
microstructures formed by YSZ particles
impacting on a 1· 1 mm2 stainless steel
substrate with constant gun movement

Fig. 3 Variations of coating porosity,
average thickness, and roughness with
particle size and velocity
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