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Abstract : Fracture toughness is one of the important
variables in engineering designs. For repair and maintenance
of tools operating in corrosive, abrasive, oxidation or thermal
environment, thermal spary method is used to increase the
toughness. Depending on the loading conditions and material
properties, various methods are used for determining the
toughness. In the present study, ASTM standard is used for
experimental tests and determination of Kic. Latter, finite
element software is applied for simulating and toughness
analysis. Finally, the results of experimental and finite
element methods are compared. Also, the method of thermal
spray is determined based on the working conditions in
addition to increasing the toughness.

Keywords: ASTM Standard, Thermal spray method,
Fracture toughness, Finite element solution, Abrasion,
Corrosion.

1. Introduction

Fracture toughness is an important issue in engineering
designs with special importance due to the working
situation [1]. Hence, in engineering applications, surface
quality of the tools is important. Thermal spray method is
one the usual methods for increasing the surface strength
[2]. It is shown high strength parts have low fracture
toughness [3]. In order to determine the toughness of the
coated parts, and depending on the type of loading and
material, different methods are used. In this study, the
effect of various factors on the quality of the surface
coating and the toughness of the parts hardened by thermal
spray has been investigated experimentally and by
numerical modeling.

2- Drop test simulation (Numerical solution) both
experimentally and by numerical modeling.

In order to numerically investigate the effect of effective
parameters on toughness, ANSYS software has been used.
Considering that the experimental tests are of the impact
type, the collision has been modeled in ANSYS finite
element software with the help of the Structural and Ls
Dyna modules.

3- Experimental Tests
Materials
In this study, Stainless Steel of grade 304 is used.

Preparing samples

Sample preparation was done at Razi Laboratory and tests
were done in the reference laboratory of Vali Asr
University of Rafsanjan. In order to perform the thermal
spraying process and determine the desired mechanical
properties, samples were prepared according to ASTM
standards in dimensions of 2.5 x 48 x 146 mm with an
increase of 92.3% using a laser cutting machine from a 2.5
mm sheet. For spraying, the samples must have a certain
roughness and the surface of the samples must be cleaned
to be free from any external contamination.

Spraying process

In order to investigate various parameters, laboratory
conditions were determined and specified for the samples.
The factors investigated included spray angle, number of
spray passes, spray temperature, speed of the coating
particle launcher, etc., which were investigated at each
stage depending on the experience of the laboratory
operator and the design of the experiments.

Determination of spraying conditions

In this study, considering the capabilities of the devices
and the practical experiences of the laboratory user, the test
conditions were selected and four conditions were selected
as simultaneous examination conditions [4]. Then, in order
to examine the spray distance and the effect of the spray
angle individually on the toughness, spraying was carried
out at two different angles and two different distances,
considering the same conditions.
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Table 1. Spraying characteristics

Angle of . Speed of
Test spraying (In Spraymg projectile
Number distance
degrees) (m/s)
1 30 35 1.5
2 0 30 1.5
3 40 40 1.3
4 15 20 1
5 30 20 2
6 30 35 2
7 40 20 2
8 10 20 2

In all cases, the air pressure is 5 bars and the oxygen
pressure is 6.8 bars [5].

For preparation, metallographic polishing and etching
methods are sufficient for -electrically conductive
materials. Non-conductive materials are usually coated
with a thin layer of carbon, gold, or gold alloys. In this
study, Stellite 6 powder, a cobalt-based alloy, was used as
a coating under high-speed conditions. Stellite 6 powders
have high corrosion and wear resistance due to the
presence of materials such as chromium and cobalt.

In Table 2., some characteristics of Stellite 6 is tabulated.

Table 2. Constituent elements of Stellite 6 powder

Element | W [Ni|Mn| Si | Fe | C [Mo| Co | Cr

Weight

4513 2 |15 3 |12]1.5|Bal|29
[percentage

4- Results

After preparing the samples and fixing them with clamps
on the table inside the acoustic chamber, the spraying
process was performed. A selection of the spraying results
is presented in the tables below.

Table 3. Results of test 1.

Passes | Passtemperature | Thickness increment in
No. (In Celsius) each pass (In Micron)
1-2 100 25
3 160 47
4 158 60
5-6 140 100-130
Table 4. Results of test 2.
Thickness
Pass . .
Passes No. temperature (In increment in
Celsius) each.pass (In
Micron)
1-2 170 60-65
34 173 90-130

Drop weight test in 1 meter height
The drop weight test device available in the composite
materials laboratory of Vali-e- Asr University of

Rafsanjan was used to conduct the experiment. The
operation of this device is based on two displacement
sensors and a contact load sensor. The contact load sensor
is made of piezoelectric material and can withstand
impacts up to 1200 kilo Newtons. The displacement sensor
is also capable of storing 800 data sets during the test.
Depending on the type of fixtures in the device, samples
with dimensions of 10¥10 to 25*25 can be used with four-
sided clamping boundary conditions.
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Figure 1. Impact test of sample 1, spray distance 35
cm, spray angle 30, spray gun speed 1.5

As conclusion, the following results can be mentioned:

v' The results of the impact test show that, considering
that these coatings are used against factors such as
corrosion and abrasion, for parts that are in impact
environments and need to be coated, paying attention
to the type of coating and coating conditions can
provide optimal impact resistance and, as a result,
increase the life of the coating.
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Figure 2: Impact test of sample 2, spray distance 35 cm,
spray angle 0 degrees, spray gun speed 1.5
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v The result is that by increasing the spray angle, the
fracture toughness increases by 42%.

v' By increasing the spray distance, the fracture
toughness decreases by 8%.

v' In the case of the maximum distance of 40 centimeters
and the spray angle of 40 degrees, the amount of
powder consumption and the time of working with the
machine are the highest due to the increase in the
spraying stages, and a fracture toughness value of 217
was obtained in this case.
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