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The efficiency of diamond coating synthesis depends on both the parameters of the plasma flow and the uniform
temperature distribution on the surface of the substrate on which the coating is synthesized. Mathematical modeling
of the substrate cooling system in the installation for the deposition of coatings by the gas plasma method was
carried out in order to find optimal parameters at which high density and radial uniformity of energy and chemically
active particle flows are simultaneously achieved on the substrate in the process of synthesis of diamond coatings.
The task was solved by direct search methods using the FlowSimulation module of the SolidWorks package.

PACS: 52.77.Fv; 81.15.Rs; 47.11.Df

INTRODUCTION

Plasma coating refers to advanced technologies that
allow to increase the reliability and durability of
machine parts and tools with high efficiency. The main
purpose of these technologies is to ensure high wear and
corrosion resistance of the surfaces of parts, restoration
of the dimensions of worn surfaces of parts due to the
application of coatings on them

The advantages of plasma coating include the
possibility of the widest variety of materials, the
minimum possible heating of the substrate, a small zone
of thermal influence, the possibility of coating in all
positions.

This technology allows you to apply multi-
component coatings made of various materials and
diamond-like structures, designed to protect the working
surfaces of parts, tools and equipment from wear,
erosion, the influence of the external environment,
increase heat resistance, etc.

One of the most promising are diamond coatings,
which are characterized by strength, hardness, high
modulus of elasticity, low coefficient of linear thermal
expansion, high thermal conductivity, good tribological
properties, as well as erosion, thermal and chemical
resistance. These properties allow them to be used in
various industries, in particular, to increase the
reliability and durability of machine parts and tools.

The efficiency of the synthesis of the diamond
coating is determined by the parameters of the plasma
flow and the thermal regime of the substrate where the
coating is deposited (Fig. 1).

The optimal conditions are the temperature of the
surface of the substrate in the range of 800...900°C,
while the uniformity of the thickness of the coating
depends on the uniformity of the temperature
distribution over the surface of the substrate. With a
given thermal power of the plasma flow, the optimal
thermal regime of the substrate can be ensured by
selecting the parameters of the cooling system.
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Fig. 1. Scheme of the deposition process of diamond
coatings

The aim of the work: search for optimal parameters
of the cooling system of the substrate of the gas plasma
deposition of diamond coatings, which ensure a uniform
temperature distribution of the surface of the substrate
in a given range and the efficiency of the synthesis of
the diamond coating.

1. OPTIMIZATION OF THE COOLING
SYSTEM OF THE SUBSTRATE

The geometric model of the cooling system for
being optimized is shown at Fig. 2 [1, 6].

The substrate, a molybdenum disk with a diameter
of 40 mm, is attached to the end of the cooling collector
in the form of a hollow cylinder with a diameter of
40 mm. The water cooling cavity has the shape of a
cylinder with a diameter of 20 mm, ending with a
spherical top. The coolant (water) is fed into the cavity
through a tube measuring 6x0.5 mm; made of stainless
steel. The ambient temperature is 20°C, the integral
thermal power of the plasma flow is 5000 W.
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Fig. 2. Geometrical model of the substrate cooling
unit: 1 — molybdenum substrate (disk with a diameter of
40 mm); 2 — cooling collector; 3 — coolant supply tube
(stainless steel 6 x0.5 mm); 4 — coolant (water)

The optimization task was solved as a mathematical
programming task — finding the extremum of the
objective function by varying the controlled parameters
within the permissible range

extrF (X) ' Dx = {X /cp(x)>0, w(x)=0}’

where F(X) — goal function (temperature distribution

over the surface of the molybdenum substrate along the
radius); X is a vector of controlled parameters (the
thickness of the molybdenum substrate is 1 and 0.1 mm;
the material of the cooling collector is copper, zinc,
steel; the water flow rate in the cooling collector is 1,
0.5, 0.08, 0.012 I/s; gap (from the top of the sphere of
the water cooling cavity to the substrate) — 2 mm,

02mm; @(X); w(X) - restriction functions

(temperature range ~ 800...900°C); DX — admissible

area in the space of controlled parameters; the heat flux
density distribution over the surface of the substrate is
uniform or Gaussian.

The task was solved by direct search methods using
the FlowSimulation module of the SolidWorks license
package.

2. MODELING RESULTS

When studying the influence of the collector
material on the goal function, calculations were made
for stainless steel and copper. In Figs. 3 and 4 it is
shown the temperature distribution over the surface of
the substrate for the case of a stainless steel cooling
collector and two options for the distribution of the
thermal power density of the plasma flow: uniform or
Gaussian.
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Fig. 3. The material of the collector is steel. Heat distribution is uniform. Water consumption — 1 I/s
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Fig. 4. The material of the collector is steel. Gaussian distribution of heat. Water consumption — 1 I/s.
The gap is 0.2 mm
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In both variants, the temperature distribution over
the substrate is nonuniform, and for a Gaussian flow
AT/T=1.1, and the maximum temperature falls on the
center of the substrate, and for a uniform flow
AT/T=0.5, and the temperature reaches its highest value
at the periphery. The same regularity is observed in the
case of a copper collector: the temperature distribution
is more uniform for a uniform plasma flow.
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The effect of the flow rate of the cooling liquid on
the target function can be seen in Figs. 5 and 6, it can be
seen that reducing the flow rate from 0.5 I/s to 0.08 I/s
slightly improves the uniformity of the temperature
distribution over the surface of the substrate, but at the
same time, the maximum temperature value deviates
more from the optimal range.
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Fig. 6. The material of the collector is copper. Gaussian distribution of heat.
Water consumption —0.08 I/s. AT/T=1.1

Removing the water-cooling cavity from the
substrate (increasing the gap) makes it possible to
reduce the unevenness of the temperature distribution
by reducing its maximum, but both the maximum and
minimum values remain far outside the optimal range
(compare Figs. 5 and 7).

The analysis of the results shows that the
distribution of the thermal power density of the plasma

flow has the greatest influence on the objective
function. With a uniform flow, it is possible to achieve
that the temperature of all points of the surface of the
substrate falls into the optimal range, while there
remains some inhomogeneity of the temperature
distribution along the radius (AT/T=0.06), which is
much smaller than in all the options considered (Fig. 8).

Fig. 7. The material of the collector is copper, the gap is 2 mm. Gaussian distribution of heat.
The thickness of molybdenum is 0.1 mm. Water consumption — 0.5 I/s. AT/T=1.1
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Fig. 8. The collector material is copper. The heat flux power density is uniform.
Water consumption — 0.012 I/s. AT/T=0.06

As follows from the above, in order to achieve the
best uniformity of temperature distribution over the
surface of the substrate, the cooling system in the
considered geometric model must satisfy the following
parameters:

— the collector material is copper;

—agap of 2 mm;

—the thickness of the molybdenum substrate is
0.1 mm;

— water consumption 0.012 I/s.

With a uniform distribution of the power density of
the plasma flow, the surface temperature is
805...850°C.

A further reduction of the inhomogeneity of the
temperature distribution on the surface of the
molybdenum substrate in the considered geometric
model of the cooling system can be achieved by
providing additional heating of the outer part of the
cooling collector to a temperature of ~ 800°C, or in the
case of using a collector made of a composite material
with variable thermal conductivity along the radius.

3. CONCLUSIONS

Computer modeling of the substrate cooling system
in the installation for the deposition of diamond coating
by the gas plasma method was carried out. The plasma
stream falls on a substrate located at the end of a metal
cylinder, in the cavity of which a cooling liquid (water)
flows.

Modeling showed that in the case of a uniform
distribution of the power density of the plasma flow, it
is possible to ensure the uniformity of the temperature
distribution over the surface of the substrate in the range
of 805...850°C.

Varying the parameters of the cooling system
showed that the best temperature uniformity is achieved
with a water consumption of 0.012 I/s; copper water
cooling collector; the thickness of the molybdenum
substrate is 0.1 mm.

At the same time, the inhomogeneity of the
temperature distribution by radius is AT/T=0.06.

The obtained results are of practical importance for
the creation of highly efficient technologies for the
synthesis of diamond coatings.
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MOJEJIOBAHHA CUCTEMH OXOJOAKEHHSA HIJVIOKKHA B YCTAHOBII
JJI OCAJKEHHA ITOKPUTTIB I'A3OIIVIASBMOBHUM METOJOM

C.0. Mapmunos, O.A. Jlyuaninos, B.I1. JIyk'anosa, C.1. IIpoxopeuy,
0.0. Cnabocnuuvka, M.A. Xaxcmypaoos

EdekTuBHICTS CHHTE3y aIMa3HOTO MOKPHUTTS 3aJEKHUTh BiJl MapaMeTpiB IJIa3MOBOTO MOTOKY W OJHOPIAHOTO
pO3IOJITy TeMIepaTypu Ha TMOBEpXHI IIJUIOKKH, Ha SKid 3IIHCHIOETBCS CcUHTE3 TOKpUTTA. [IpoBeneno
MaTeMaTHYHE MOJETIOBAHHS CHCTEMH OXOJO/DKEHHS IIMJIOKKH B YCTAaHOBII M OCA[KEHHS IOKPHUTTIB
ra30IuIa3MOBHM METOJIOM C IULTIO 3HAXO/KEHHS ONTHUMAJIBHHUX MapaMeTpiB, MPH SKUX SK BHCOKA MIUIBHICTH, TaK 1
pamiasbHa OJHOPIMHICTH €HEeprii i XIMIYHO aKTUBHUX MOTOKIB YACTHMHOK OJHOYACHO JOCATAIOTHCS HA IMiJUIOKKH B
MpoIIeci CHHTE3y aJMa3HHUX HMOKPHUTTIB. 3aBAaHHS BUPINIYBaJOCS METOAAMH IMPSIMOTO MOIIYKY i3 BHKOPHCTaHHSAM
Moyt FlowSimulation makera SolidWorks.
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