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DETERMINATION OF CHARACTERISTICS OF THE
CONSTRUCTION MACHINE BLADE ION-PLASMA COATING

Determination of characteristics of the construction machine blade
ion-plasma coating. Using the theory of the design of experiments, the
values of the characteristics of the ion-plasma coating applied to the surface
of the construction machine cutting elements to minimize wear are
established. The parameters of optimization are the hardness, the roughness
of the substrate, and the thickness of the applied coating. It is determined
that the hardness of 50 HRC, the coating thickness of 4 um and the substrate
roughness of 0.32 um cause the minimum wear of the cutting elements of a
motor grader working unit. These values of the characteristics are
confirmed during a field experiment on a motor grader.

Busnauenna xapaxmepucmuk iOHHO-NAA3MOB020 NOKPUMMA HOICA
0y0isenbHOI Mawunu

3a O0onomozoro meopii naamysamHs eKCnepumMeHmie 6CMAaHO8IeHI
SHAYEeHHsl XapaKmepucmuk iOHHO-NAA3MOB020 NOKPUMMS, WO HAHOCUMbCS
HA NOBEPXHIO PIXNCYUUX elleMeHmie 0y0ieenbHOl Mawunu Osi MIHIMIzayil
3nocy. Ilapamempu onmumizayii - meepdicmv, wopcmricmes NIOKIAOKU i
MmoswuHa Haneceno2o nokpumms. Bemanoeneno, wo meepodicmo 50 HRC,
moswuna nokpumms 4 mkm i wopcmkicme niokiaoku 0,32 mkm
BUKIUKAIOMb  MIHIMANbHULL 3HOC PINCYUUX eleMeHmie poboHo2co opeaHy
asmoepetidepa. Li 3nauenHs xapaxmepucmukx niomeepodiceHi nio uac
NONb0B0O20 eKCNEPUMENIY HA a8MOocpetioepi.

OnpedeneHue xapakmepucmux UOHHO-NJIA3MEHHO20 HNOKDbIMUS
HOJICA CMpPOUMeNbHOU MAUUHB]

C nomowpio meopuu NIAHUPOBAHUSL IKCNEPUMEHMOE VYCIAHOBIIEHbL
SHAYEHUsL XapaKmepucmuK UOHHO-NIA3MEHHO20 NOKPLIMUS, HAHECEHH020 HA
NOBEPXHOCMb  PEHCYWUX — INEMEHMO8  CMPOUMENbHOU — MAwunbl OIS
MuHuUMuzayuu  usHoca. Ilapamempvt  onmumuzayuu - MeepoOOCmy,
Uepoxoeamocms — NOONONCKU U MOJWUHA HAHECEHHO20  NOKPbIMUSL.
Yemanoesneno, umo meepoocms 50 HRC, monwuna nokpvimus 4 mxm u
wepoxogamocms noon0xcku 0,32 MKmM 8b13616A10M MUHUMATLHBIU USHOC
pedxcywux sjiemMeHmos paboueco opeana asmoepetioepa. Omu 3HAYEHUs
Xapakmepucmux noomeeprHcOeHbl 80 8peMsl NOJNEB020 IKCNEPUMEHMA HA
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asmoepetioepe.

Introduction. To determine the parameters of the ion-plasma
coating, which is applied to the surface of a construction machine working
unit and ensures its minimal wear, we use the theory of the design of
experiments [1].

It is well known that good adhesion of the coating to the base metal
is guaranteed by the composition of the applied coating, the roughness and
the hardness of the material of the surface to be coated as well as its
thickness. The values of these parameters are rationally chosen.

For our studies, as an example of optimization, we chose a motor
grader with the working unit (blade) made of 65G (657) steel.

Hardness is chosen as one of the parameters due to the fact that it is
rather easily determined at any point of the motor grader blade without
causing any damage before and after operation.

As the results of the studies [2] show, the value of the roughness of
the surface to be coated should be 0.16 Ra minimum. Otherwise, the
applied coating will gradually peel off due to poor adhesion to the substrate.
In this regard, one of the main tasks is to determine the rational roughness
of the surface to be treated, which would ensure the best adhesion of the
coating to the basic metal.

Purpose and problem setting. The purpose of this work is to
determine the conditions for applying the ion-plasma coating to minimize
the wear of a motor grader cutting unit (blade).

Investigation of the dependence of wear resistance on the
parameters of the ion-plasma coating. The thickness of the coating varies
within the range of 3-7 micrometers as the thickness of 3-6 micrometers
provides the best adhesion bonds with the basic metal; the thickness of less
than 3 micrometers does not significantly affect the physical and mechanical
properties of the unit [2]. The coating thickness of more than 6 micrometers
has insufficient adhesion that ultimately leads to peeling off the substrate.

As the value of hardness can be an integer only, we conducted four
series of experiments, setting the hardness values of 40, 45, 50, 55.

Based on the theory of the mathematical design of experiments [3-5],
the variable factors are the thickness and roughness of the coating,
designated as Xi and X: respectively. In this case, wear is the response
function denoted as Y.

So, the above mentioned statements stipulate the range of the
boundaries of the factors Ximin = 3; Xomax = 7; Xomin = 0.16; Xomax = 0.48.
Then the intervals of factor variation will be respectively:

AXI - XZmaX _lein 4’
AX, =X, o — Xomin = 0.32.
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First of all, a factorial experiment of the first order is carried out. The
purpose of this experiment is to find a mathematical model of the
dependence of Y on X1, X2, which can be presented as a linear polynom. To
achieve this goal, a full factorial experiment of type 2" is conducted for each
value of hardness. The results of this experiment are given in Tables 1-4.

Table 1 — Values of coating thickness, roughness and wear with
substrate hardness of 40 HRC

No of test X X2 Y
1 3 0.16 0.3540
2 3 0.48 0.6723
3 7 0.16 0.7012
4 7 0.48 0.6822

Table 2 — Values of coating thickness, roughness and wear with
substrate hardness of 45 HRC

Ne of test X1 X2 Y
1 3 0.16 0.2421
2 3 0.48 0.6253
3 7 0.16 0.6643
4 7 0.48 0.6211

Table 3 — Values of coating thickness, roughness and wear with
substrate hardness of 50 HRC

No of test X1 X2 Y
1 3 0.16 0.2632
2 3 0.48 0.6133
3 7 0.16 0.6311
4 7 0.48 0.5722

Table 4 — Values of coating thickness, roughness and wear with
substrate hardness of 55 HRC

Noe of test Xi X2 Y
1 3 0.16 0.2332
2 3 0.48 0.6318
3 7 0.16 0.6511
4 7 0.48 0.5987
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Note: for each row of the plans of Tables 1-4, two tests for wear of the
motor grader blades are carried out on a special laboratory bench [6, 7].
Upon that, the average values are recorded in the tables as the value of Y.
Further, for all tables 1-4, the regression equation is calculated:

Y =b,+b X, +b,X,. (1)
The results of calculating its coefficients are presented in Table 5.

Table 5 — Value of regression coefficients

Value of hardness bo b1 b2
40 0.230 0.045 0.468
45 0.107 0.052 0.531
50 0.170 0.041 0.455
55 0.114 0.048 0.543

According to the Fisher's ratio test, the adequacy of the obtained
equations is verified by comparing the calculated Fisher's ratio test Fp with
the tabulated Fr at a significance level of q = 0.05. As all the cases under
consideration indicate that F}, > F., it can be concluded that the equations
are not adequate. In the end, it is decided to continue the experiments. With
that, the received plans 2" are supplemented up to the central compositional
plans of the second order.

Then the regression equation is calculated:

Y =b, +b X, +b,X, +b X} +b, X, X, +b,X;. )

The results of calculating the regression coefficients are given in
Table 6.

Table 6 — Values of the coefficients of the linear regression equation

Value of Value of regression coefficients

hardness bo bi b2 b1 bi2 b2z
40 0.806 | -0.169 | -1.493 | 0.032 | -0.264 | 4.917
45 0.108 | -0.155 | 2.715 | -0.033 | -0.333 | -0.779
50 0.868 | -0.202 | -2.068 | 0.037 | -0.320 | 6.137
55 0.172 | -0.170 | 2.239 | 0.035 | -0.352 | 0.116

For each value of the hardness of the substrate, the graphical
presentation of the response surface is shown in Fig. 1-4.
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Figure 1 — Response surface for hardness of 40 HRC
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Figure 2 — Response surface for hardness of 45 HRC

Figure 3 — Response surface for hardness of 50 HRC
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Figure 4 — Response surface for hardness 55 of HRC

Then the minimum value of function Y in the domain is found

3<X, <7

3)
0.16< X, <0.48

As is known from [5], this value can be taken either at the boundary

of the domain or at a stationary point. The coordinates ( X 0 , X g ) of the
stationary point are determined as a result of solving the system of equations

or
ox,

9 2
Y
ox,

In our case, this system of equations has the form

b +b,X,+2b,X, =0

4)
b, +b, X, +2by,X,=0

We solve the above-mentioned system of equations (4) by formulas
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X0 = —2by,b + b,by,
| = 2
4by\b,, — by,

xo = 2hiby +hshy
4b, by, — by,

b

The obtained values of the coordinates of the stationary point are
given in Table 7.

Table 7 — Values of the stationary point coordinates

Value of hardness Coordinates of the stationary point
T x? X3
40 3.689 0.251
45 5.38 0.592
50 3.947 0.271
55 6.947 0.9

As can be seen from the presented table, only in two cases (at T = 40
and T = 45) the stationary points (XIO =3.69; Xg =0.25 and

X 10 =395 X 3 =(.27) belong to the domain of determining the factors.

As to the rest of cases, the minimum value of function Y is observed at the
boundary (3). Having inserted all the necessary values and having solved
the regression equation (2), we determine the minimum value of the
function in each case. The coordinates of the extreme point and the value of
Y are given in Table 8.

As can be seen from this table, the minimum value of wear is
expected with the hardness of 50 HRC, the thickness of coating of 4 um and
the roughness of 0.27 um. However, since the nearest possible values of
roughness are only 0.16 and 0.32 pm, two additional experiments are carried
out, the results of which are given in Table 9.

Table 8 — Values of response at the extreme point

Value of Coordinates of the extreme point | Response value
hardness
X1 X2 Y
40 3.7 0.25 0.307
50 4.0 0.27 0.189

Table 9 — Coating thickness, roughness and wear with substrate

hardness of 50 HRC




ISSN 2311-0368 (Print) Hebezeuge und Fordermittel, Ne2 (58), 2018
ISSN 2409-1049 (Online)

Value of hardness Value of parameters Value of wear
Xl X2 Y
50 4.0 0.16 0.175
4.0 0.32 0.148

As can be seen from Table 9, the values of parameters received with
the use of the theory of the design are indeed the most acceptable. The
minimum value of wear is received with the hardness of 50 HRC, the
coating thickness of 4 um and the roughness of 0.32 pum.

Thus, the results of the experiment to research the wear of the motor-
grader blades with the ion-plasma coating at different values of the hardness
of the substrate material, the surface roughness and the coating thickness
confirm the reliability of the calculations obtained using the theory of the
design of experiments. The above characteristics of the ion-plasma coating
can be used for other construction machines.

Conclusions

The theory of the design of experiments is used to determine the
values of the parameters of the applied coating on the surface of the cutting
elements. In this case, the hardness, the roughness of the substrate and the
thickness of the applied coating are taken as parameters of optimization.

With the value of the hardness of 50 HRC, the coating thickness of 4
um and the substrate roughness of 0.32 um, the wear of the cutting elements
of the motor grader working units is minimal.

Using the theory of the design of experiments proposed above, it is
possible to determine the most acceptable parameters of the ion-plasma
coating for any working units of construction machines.
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