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STUDY OF THE OPERATING TIME OF THE PROTECTIVE COATING OF
SURFACES OF ASSEMBLY AND WELDING EQUIPMENT

The subject of the study is the issues related to determining the service life of protective coatings protecting the surfaces of assembly
and welding fixtures from the effects of welding spatter and mechanical wear when performing certain assembly and welding
operations of welded metal structures. The development in Ukraine of various industries, especially the precision engineering industry
(instrument making), is characterized by a transition to market management methods, increasing demand for competitive and liquid
products. This can be achieved by the systematic and rapid introduction of technically new products, improving their quality,
increasing labor productivity, and automating production. Welded metal structures are widely used in the designs of modernized and
new types of products, the high-quality production of which is impossible without the use of assembly and welding equipment. The
reliability and durability of these devices depends on the protection of their surfaces to the effects of welding spatter and scoring
during assembly and welding operations. Analytical and experimental studies of the resistance of protective coatings to an
experimental welding drop of metal showed that of the most tested coatings, the most durable is the developed protective coating
containing a mixture of molybdenum disulfide powder, graphite powder, epoxy varnish and certain solvents. Purpose: determination
of the service life of the developed protective coating when exposed to a number of significant factors, including the effects of real
welding spatter. Tasks: to identify the main - significant technological factors affecting the service life of the protective coating;
develop a planning matrix based on a full factorial experiment; to conduct experimental studies of the resistance of the coating to the
effect of an experimental metal drop under the influence of significant technological factors, to obtain the equations of regression of
resistance; conduct analytical and experimental studies to determine the temperature of the experimental drop of molten metal;
conduct analytical studies of the temperature of a real welding spray; conduct a study of the resistance to friction; conduct analytical
studies to determine the quantitative characteristics of the reliability and durability of the proposed coating composition. Results: the
article presents the research data by the authors of the service life of the proposed protective coating that protects the surfaces of
assembly and welding fixtures when exposed to welding spatter and coating wear when moving metal structures in the fixture. The
quantitative characteristics of the reliability and durability of the coating are obtained. Conclusions: A methodology has been
developed for determining the service life of protective coatings protecting the surfaces of assembly and welding fixtures from the
effects of welding spatter during welding operations and coating wear when moving elements of the welding structure in the fixture
during assembly.

Keywords: assembly and welding equipment; protective coatings; welding spatter; protective film thickness; types of welding;
likelihood of uptime; failure rate; failure intensity; life time.

Introduction into account the influence of significant technological

factors close to the actual operating conditions of the

The solution of the urgent task of technological
support of reliable operation and increase of the service
life of assembly-welding technological equipment used
for the manufacture of welded metal structures of various
shapes, sizes, weights and various purposes. The main
negative factor affecting the tool life is the effect of
welding spatter on the surface of fixtures during assembly
and welding operations. Different enterprises solve this
problem in different ways: by using protective screens,
water emulsions, lubricants, protective coatings, paints
and varnishes and other protective equipment, without
which assembly and welding equipment, after its first use,
may lose accuracy or completely fail. The analysis of
literature data and industrial studies showed that the most
resistant to welding spatter are coatings (suspensions)
based on molybdenum disulfide powders. A number of
coatings on this basis have been developed using various
film-forming. It was established that the optimal
composition, which withstood the maximum number of
experimental metal drops on a pilot plant until burnout, is
a composition containing two parts, one of which is
molybdenum disulfide powder and graphite powder, and
the other film-forming component is epoxy varnish. This
composition is diluted with a mixture of solvents to obtain
the desired molar consistency.

A method of analytical calculation with experimental
verification of the developed coating is proposed taking

assembly and welding equipment. A method of analytical
calculation based on the matrix of a complete factorial
experiment is proposed and experiments are carried out to
determine the resistance of the coating to an experimental
metal drop depending on certain factors and regression
equations are obtained. A methodology has been
developed for determining the temperature of an
experimental metal drop, and analytical studies have been
carried out to determine the temperature of a real welding
spray. The conversion factor for the transition from an
experimental metal drop to a real welding spray is
determined. The service life of the coating when exposed
to welding spatter is determined. Investigations of the
resistance of the coating to mechanical wear were carried
out, and the service life of the coating was determined
under the combined action of metal sprays and wear. A
methodology has been developed and quantitative
characteristics of the reliability and durability of the
proposed protective coating have been determined.

Analysis of recent articles and publications

Recently, the development of industries such as
defense, space, radio-electronic, computing and others in
Ukraine is characterized by a transition to market
management methods, increased demand for competitive
and liquid products by the systematic and rapid
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introduction of technically new products, modernization
of existing ones by improving their quality, increasing
labor productivity automation of production. All this leads
to an increase in the volume of work and the cost of
technological preparation of production. One of the main
elements in the designs of modernized and new types of
products is welded metal structures, the production of
which requires the use of a large number of special
assembly and welding equipment. The cost of designing
and manufacturing assembly and welding equipment for
the complexity of individual products reaches 20 - 25% of
the total cost of manufacturing this product [1, 2].

One of the effective ways that can significantly
reduce material and labor costs is the use of adaptable
technological equipment that allows you to assemble
devices for various purposes from the same elements
repeatedly. This is especially advisable in enterprises with
pilot and small-scale production, as well as in the
development of new products and the manufacture of an
experimental batch. A gamut of standardized parts and
assembly units of universal assembly devices for
assembly-welding works (UDAW) with mounting grooves
8 was developed; 12; 16 mm [3, 4]. The design feature of
this tooling is that the elements of the tooling kits are
interchangeable, this allows you to use them repeatedly
for a long time creating devices for various metal
structures.

However, taking into account the operating features
of assembly and welding equipment, its service life
largely depends on the means of protecting its surfaces.
Much attention has been and is being paid to the issue of
improving the reliability and durability of this equipment,
which is confirmed by the analysis of literature data.

The authors of this article conducted studies of the
performance of assembly and welding equipment,
identified the main factors affecting the tool life, identified
failures and investigated experimental data on the creation
of coatings based on molybdenum disulfide, graphite,
epoxy varnish and a mixture of solvents [5-14].

The values of each component included in the
composition of the coating, their ratio and application
technology were established.

Molybdenum disulfide is an antifriction filler. Its use
reduces the coefficient of friction and wear during friction,
which arises as a result of frequent disassembly and
assembly of devices and when installing parts of metal
structures in devices. In addition, molybdenum disulfide
has a positive effect on the resistance of the coating to the
destructive effect of drops of molten metal.

Graphite, like molybdenum disulfide, is a filler in the
coating. The main purpose of graphite in the coating is to
give it the property of electrical conductivity, which
provides a reliable current path to the welded nodes
through coated elements of technological equipment,
increasing the stability of burning of the electric arc and
the stability of its excitation. Graphite as well as
molybdenum disulfide increases the resistance of the
coating to welding spatter.

Epoxy varnish is introduced into the coating
composition as a binder at the stage of its preparation and
deposition on the surface of the substrate, and then, after

polymerization, it is film-forming, which provides reliable
adhesion to the substrate (adhesion) and the required
coating strength (cohesion).

Xylene, acetone, ethylcellosol are technologically
auxiliary substances that act as solvents of the components
of the epoxy varnish (polyester, epoxy resin, etc.). The
method of their use ensures the quality of the applied
coating, characterized by obtaining a coating of a certain
molar consistency, the formation of a protective film of
uniform thickness, and the absence of streaks and surges.

The surface substrate is the degreasing and removal
of corrosion products, followed by phosphating in a
phosphate solution.

It was experimentally stated that the optimum
resistance of the developed coating to welding spatter and
wear during friction is determined by a ratio of epoxy
varnish and filler (MoSg and graphite) close to 1: 2. The
best quality of the applied coating is determined by the
total amount of solvents up to 50% of the total weight
composition.

Preparation of a protective coating and its
application require the use of certain equipment and
qualified specialists. The coating on the parts is carried
out in suspension by spray guns with a nozzle diameter of
0.8 mm - 1.2 mm. The nozzle distance from the part is
within 300 mm. Spraying is carried out in a fume hood,
coating consumption per 1 m, of surface is up to 300 g.

Drying (curing) of the coating is carried out in a special
cabinet with temperature control, in steps according to the
specified mode. The total curing time of the coating is
within 3-3.5 hours. After drying, the parts are cooled in
indoor air.

The purpose of this work is analytical and
experimental studies of the service life of the developed
protective coating, depending on the effects of welding
spatter and mechanical displacements of the welding
elements during the assembly of the welded structure,
taking into account the influence of a set of familiar
technological factors. Development of methods and
quantification of reliability and durability of the developed
protective coating.

The service life of the developed coating is defined
as the ratio of the resistance of the coating to the influence
of real welding sprays, "m, " to the average number of

sprays bombarding the same elementary site during one
year of operation of the fixture "N" [5, 7].
Resistance " m, " was determined from the resistance

of the coating obtained experimentally by " m, " multiplied
by the conversion coefficient " K, **, which allows you to
switch from experimental metal droplets (formed on a

special installation) to real welding spatter.
The determination of the " m, " value was carried out

on the basis of the method of mathematical planning
[16, 17]. The resistance of the coating to metal droplets
was determined in an experimental setup.

For specific experimental design conditions,
5 significant technological factors were studied at two
levels: type of welding — x, (manual arc and semi-
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automatic in a carbon dioxide CO,

environment);

grade of the main material of devices — x, (steel 20 and

arrangement of the
surface of the fixture relative to the welding zone — x,

(vertical and horizontal); distance of the fixture surface

cast iron VCh-50-32);

spatial

Table 1. Significant technological factors

from the welding zone — x, (350 and 50 mm); thickness
of applied coating film — x; (30 and 10 microns).
The intervals of variation of factors at the upper and

lower levels are given in table 1.

The planning matrix was built on the basis of the
application of a full factorial experiment, including 32

experiments (table 2).

Factors
Code X, X, X, X, X,
Main level (x') - - - 200 20
Range of variation (Ax") - - - 150 10
Upper level (+) Manual arc welding Steel 20 Vertical 350 30
Lower level (-) Weldln.g ina CO, Cast nor;;/Ch—SOf Horizontal 50 10
environment
Table 2. Experiment planning matrix
No. Factors Optimization parameters y = me
experience X, X, X, X, X, Xs (number of weld drops)

1 + + + + + + 480

2 + - + + + + 430

3 + + - + + + 470

4 + - - + + + 410

5 + + + - + + 420

6 + - + - + + 350

7 + + - - + + 400

8 + | - - NN 330

9 + + + + - + 250

10 + - + |+ - + 200

11 + |+ - + - + 195

12 + - - + - + 175

13 + + + - - + 185

14 + - + - - + 140

15 + + - - - + 150

16 + - - - - + 115

17 + + + + + - 310

18 + - + + + - 260

19 + + - + + - 270

20 + - - + + - 235

21 + + + - + - 250

22 + - + - + - 200

23 T+ | - - - 210

24 v+ | - -+ | - 110

25 + + + + - - 80

26 + | -1+ [+ ] - - 65

27 Lo I N I N 12

28 + - - + - - 50

29 + + + - - - 67

30 + - + - - - 30

31 L I A I I 35

32 + - - - - - 15

The significance of the factors was evaluated by In our case

regression coefficients based on the calculation of
confidence intervals. By implementing the full factorial
experiment, we obtained a linear regression equation:

y=b,+bx +b,x, +b,x,+b,x, +b;x,.

y=m, =217,7+217x, +11,8x, +29,5x, +103,5x, + 76,3x,.

Ab =+£3,84.
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It is established that the average value of the
resistance of the proposed coating composition under the
influence of technological factors in experimental
conditions is in the range of 160 325 drops of metal.
Deviations of calculated values of coating resistance from
experimental ones did not exceed.

Having determined the resistance of the coating to
the action of metal droplets under experimental
conditions, to go to real, i.e. determination of the
resistance of the coating to the effects of real welding
spatter (m, ), it is necessary to solve two problems. The

first is the determination of the temperature of
experimental drops of metal T4 ; the second is the

determination of the temperature of real welding spatter
T

r.w.s*
The temperature coefficient was determined by the
ratio of the temperature of the experimental droplets T

to the temperature K, of the actual welding spatter T, .
Tr.w.s

The temperature T,, was determined experimentally

using the calomerization method in a special installation
of fig. 1, installing the colorimeter block at various
distances from 50 to 1000 mm from the welding arc.

12I

\

1 —tripod; 2 — base table; 3 — calorimeter block; 4 — case; 5 — cover; 6 — funnel; 7 — cork; 8 — non-consumable electrode; 9 — a melting
electrode; 10 — drops of molten metal; 11 — wire feed mechanism; 12 — CO, cylinder; 13 — welding converter; 14 — control cabinet;

15 — measuring device; 16 — temperature sensor.

Fig. 1. Installation diagram for the determination of experimental metal droplets

T.q Was determined from the equation through the

amount of heat received by the calorimeter block and the
average specific heat content of metal droplets in the

block.
{syh ~(C T, +Wm)}
d=Tn+ )
Cmb

T

e

Where T, is the melting temperature of the metal,
°C; Syh — average specific heat content of welding

droplets for various h, cal.g; C,, — the average specific

heat of the metal from normal temperature to the melting
point, cal/g grad; W,, — latent heat of melting, cal/g grad.

The calculation data of the experimental drops of
molten metal are given in table 3.

Table 3. The calculated temperature values of the experimental metal drop

Drop span h, mm Average specific drop heat Syh cal.g The temperature ?rf theotgperlmental drop,
ed»

50 662,0 3928

120 632,0 3730

240 611,0 3592

360 590,0 3454

480 580,0 3388

600 570,0 3322
1000 560.0 3256

The temperature of real welding spatter 7,,. was

determined analytically using the dependence of the
amount of heat lost by the welding drop in the arc gap due
to radiation. It was found that welding sprays, in contrast
to metal droplets in the arc gap, in addition to emitting,

give off heat Q,, due to convection and thermal
conductivity are determined from the expression:

4 4
TW. S Tm

Qus =Fus . (Tys —T) + Fy s - Cos( -
W.S ws “c\lws m ws ~0 1004 1004

),
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where F,,, — heat transfer surface welding spatter, m?; «,
— contact coefficient of heat transfer, determined by
blowing welding balls of molten metal in the shape of a
kcal
ball, ——————; T,
m*-grad-g

spray, °C; T, — medium temperature, °C; C, — absolute
blackbody emissivity, —— o
m*-grad-g
of blackness of the system.
By a known Q,, the change in temperature T, in
the time interval is determined:

— the initial temperature of the

; & — reduced degree

Table 4. Data for calculating the temperature of the welding spray

r _A18TRL 1C Ty —Q 0
4,187R}; - 7C,,

W.S

where R, — the average radius of the spray, m;
y —specific weight of the material spray kg/m?

C, —specific heat capacity spray, &;
kg - grad
Tw,s.in - Weldlng spray temperature at the initial moment of

the time interval At °C; At — the numerical value of the
time intervals, h.
The data for the calculation are given in table 4.

v Rc Nu a, At Q Q-At Toin T, fin
9,18 0,0073 2300 2197

7,81 0,0062 2197 2109

6,78 0,0054 2109 2033

5,98 0,0047 2033 1966

12 1153 7,21 106,7 0,0008 5,35 0,0042 1966 1906
4,82 0,0038 1906 1852

4,39 0,0035 1852 1803

4,02 0,0032 1803 1758

3,70 0,0029 1758 1716

8,74 0,0131 2300 2104

6,33 0,0094 2104 1962

4,92 0,0074 1962 1851

4,04 0,0060 1851 1760

0,48 46,1 51 75,48 0,0015 3,40 0,0051 1760 1683
2,93 0,0043 1683 1617

2,58 0,0038 1617 1559

2,29 0,0034 1559 1507

2,05 0,0030 1507 1460

As a result of analytical and experimental studies, it
was found that the final temperature of the welding spray
during manual arc welding and various span distances
varies from 2197 to 1716°C, and for semi-automatic
welding in CO, from 2104 to 1460 °C .

The average temperature coefficient K, = 1.95, and

the average resistance of the developed protective coating
"m, " is 325 - 600 drops of metal (fig. 2).

O, um
30 1 o= &
l] =
25 - =
11
=2 4
7
20 / Y
7
v 4
i5
;,/“ 5= 7
7
10 — ‘
|
= l | m;» PGS
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 / 22 p

1—welding ina CO, environment; 2 — manual arc welding; 3 — average value of accuracy
Fig. 2. The resistance of the protective coating me to the effects of welding spatter

Based on analytical and experimental studies, the
operating time of the proposed protective coating is
obtained: when performing welding or assembly -

welding operations, which is for various surfaces from 4
to 15 years with a single application.
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The wear time of the coating during mechanical
friction of metal elements on the surface of fixture tu is
determined by the ratio of the length of the path of the
surfaces of friction pairs obtained under experimental
conditions (L,,) to the average path of metal elements in

the fixture in real conditions (L,) for one year operation

equal for base plates up to 1300 m, base and support-hull
tooling elements up to 1800 m.

To determine Lex the friction pairs were prepared:
steel 20X coated and steel ST3 uncoated, cast iron VVCh-
50-32 coated and steel ST3 uncoated.

The tests were carried out on a MIG - 1 machine [5]
at a pressure of 0.5 MPa and a displacement velocity of
0.1 m /s (40 double strokes per min.).

The graph of coating wear during experimental
studies is shown in fig. 3.

O, puml|
30 //
23 /
Y A
20 2 ;
| e
R / \\1
/7(
10 ey
1
5 // -
é time
0 10 120 [30 [40 |50 |60 |70 |80
Le_d
36 72 108 144 180 21,6 252 288 [y

1 —steel ST3 (uncovered) on steel 20X (coated); 2 — steel ST3 (uncovered) on cast iron VCh-50-32 (coated)

Fig. 3. Schedule changes in the thickness of the protective coating during mechanical friction

Mathematical models of wear curves "¢ " of the
developed coating, depending on the base material of the
friction pairs and the operating time (t), are determined
from the equation

Yy =Co+ Gty + Cotyp + Gty

To determine the coefficients C,, C,, C,, C,, we

applied the method of sigular arrangement (SVD), which
consists in the following: at given times t,; <t,, <t,; and

obtained experimental results y,,...y,,, we can assume:
y=apty) + e, (1) + ot (1)),

Table 5. The calculated data of wear factors

1

= TH;
Yu,
2

n

and having made a number of mathematical

Having compiled a plan matrix a =@ :(t), i
j=1K consider the column vector y, =

C
C=

Ck
transformations, we find the values C,, C,, C,that are
given in table 5.

No. . . v
of experiment Friction pairs C, C, C, C, S=y =f (tu)
ST3 steel (uncoated) on steel )
' 20X (coated) 0 2,6 03 04 Yy
Steel ST3 (uncovered) for cast
2 iron VCh-50-32 (coated) 0 3.6 0.4 0,2 Yo,

Then the mathematical models of wear curves have
the form:

5=y -26( 1 03[ | wo,a( )
trowm e ™ 20) "l20) 7 \20)

5 -y —a62 )04/ 2) vo 2l
2722 o) 20 "“l20) "

The processing of the results on a computer showed
that the operating time of the proposed coating during
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mechanical friction and the proper operation of fixtures in
the assembly of welded metal structures for various

groups of tooling elements is 25-30 years or more (fig. 4).

1
AW
/L»<
_~ 1

o0, um
30
osu o
20
(5
10
=
5 —

L I tLv
year
20 25 30 35 40 -~

1 — steel ST3 (uncovered) on steel 20X (coated); 2 — steel ST3 (uncovered) on cast iron VCh-50-32 (coated)

Fig. 4. The service life of the protective coating during assembly operations

The concept of reliability and durability can be
formulated by the main characteristics, with the help of
which it is possible to quantitatively evaluate the
reliability of the coating composition [16, 17]. These
characteristics are: the probability of uptime — P(z), the

failure rate — «(r), the failure intensity — A(z), the
average uptime — T, the readiness factor K, .

In these studies, the term ¢ is considered in two
cases: the time during which the assembly of metal
structures and the tacking of elements (z,,) and the time
during which the final welding of the metal structure is
performed (z,).

According to statistics, the main characteristics of
reliability are estimated by the following equations:

Uptime probability Fas(ras) and P_W(rw)

— N, —n

P (r,) = as Nas(Tas) :
as

— N, —n

Pw(Tw): W—NW(TW) .
w

Failure rate o, (z,,) and a,(z,,)

Nas (7as) .

., (Ta) = ;
o) = 1

— Ny (7w)
aw(rw) = NW AVTV .
wHlw

Failure intensity A, (z,)and 4,(z,);

- Nas (Zas)
A (r.)=—oas\as/) .
as( as) Nc AT,
as :

'l nW(TW)
Ty)=—""-—"7—,
Aw(Tw) N, Az,

where N, , N, — the number of samples placed under
observation, pcs.; n,, n, — the number of samples that
failed in time (z, ) or (z,), pcs.; Ar,, Az, — Selected
value of the time interval, years; N._, N,
number of working samples in the time interval, pcs.

Average time of trouble-free work T_aS and ﬂ

— the average
w

Tkas
Arkas
> n
__i=l
as N

asi Tasi

as

TRw

ArkW
2 My

_ i1
=T

w

where Ny, , n,, — the number of samples that failed in the

i-th interval, pcs.; 7y, ,7,, — average time of the i-th

interval, years; 7, 7, — number of all failed samples

w
over time N, and N,,, pcs.

As a result of statistical studies and mathematical
processing, the statistical characteristics of coatings

reliability P, a , A are shown in fig. 5.
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Fig. 5. Statistical characteristics of the reliability of the coating

The average values of the operating time of coatings "y
and the standard deviation " o " are determined from the

expressions

Table 6. Data for the calculation of the operating time " x " and standard deviation " & "

YRR RSy TR
o= N—léni(xi X)° =h N1 (u)?,

where C is the middle of the middle interval; h is the

length of the interval (1 year); u — interval number.
The calculation data are given in table 6.

Initial data Calculation
intervals 7 , years mid interval numbir (F))l;:allures u hu (hu)?
Assembly operations

1-2 15 1 -6 -6 36
2-3 2,5 2 -5 -10 100

3-4 3,5 2 -4 -8 65

4-5 4,5 3 -3 -9 81
5-6 55 10 -2 -20 400
6-7 6,5 14 -1 -14 196

7-8 7,5 16 0 0 0
8-9 8,5 16 1 16 256
9-10 9,5 13 2 26 676
10-11 10,5 10 3 30 900
11-12 115 6 4 24 576
12-13 125 4 5 20 400
13-14 13,5 2 6 12 144

14-15 14,5 1 7 7 49
Total 100 68 3878

Assembly operations

1-2 15 2 -3 -6 36

2-3 2,5 3 -2 -6 36

3-4 3,5 8 -1 -8 64

4-5 4,5 37 0 0 0
5-6 55 30 1 30 900
6-7 6,5 10 2 20 400
7-8 7,5 6 3 18 324
8-9 8,5 4 4 16 256
Total 100 64 2016

After processing the results of statistical studies, it
was found that the average value of the operating time of

the coating during assembly operations is x,, = T,, = 8

years for welding operations x, = T, =5 years, standard
deviation o, =6 years, o. = 4.5 years.

141
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When assessing the analytical characteristics of the LT 5
reliability and durability of a coating, wear failures are the 1—;0( w WJ _q,(fas — j
main ones, the time of occurrence of which obeys the P, (7)) = o2 _ 6,34
truncated normal distribution law. WA T, 1,788
The failure rate in this case is determined by the 1+¢ Ng
well-known equation: Ow
L;Tl)z For probabilistic determination of the failure rate of
a(r)=c-e 27, the coating between A(z), P(r) and «a(r) there is a
where ¢ is the constant of the truncated normal distribution, dependence
which is determined from the expression -
[A(x)de
2 P(r)=¢0 ,
P
c=—/——7—"—=, .
a{1+ o( L )} [A(z)de
V2 a(?) =20
where o — standard deviations; ¢ — probability interval. (-T2
After carrying out certain calculations, we obtained a(z) c-ei 262
for assembly operations ¢ = 0.101, for welding operations A7) = =
— P(7) P(7)
¢=0,099.
For our case, we get the following failure rates Having completed a number of mathematical
~(ras-8)2 transformations, we obtain for our case:
0y (7,) =010l 72 For assembly operations
_(fas—Tas)2
~(rw ’75)2 2 ogs (zas —8)2
a,(z,) =0,099¢ 05 P 08¢ 72
. . . /1as (Tas ) = = .
There is a relationship between a(z) and P(zr) Tas — Las 61—l Fas -8
Oas 1—(ﬂ 4 8.46
. Oas !
P(r)=1- dr.
2 -([a(r) ‘ For welding operations
Substituting the values «(z) and ¢ and making a (ew-Tw) 5
. . . . 2 —
series of mathematical transformations, we obtain ge ow —(TVZ’O ?
For assembly operations ﬂw(z-w) - P - 0,8e ’ .
_ Ty — T Tw—5
l-¢ Tas T 1-¢ Tas =8 Uw{l—w[ " \/EWH 6{1_¢[ E\iAj34 ﬂ
OasN2 8,46 Ow
Pes (725 ) = T 1w | iabili i ini
1+ T, g The reliability characteristics of  obtaining
¢ Uas\/z analytically are presented in the form of graphs (fig. 6).

For welding operations
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Fig. 6. Analytical characteristics of the reliability of coatings
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The average failure-time of protective coatings in the  reliability and durability of protective equipment
probabilistic version is found from the equation (protective coating) when exposed to welding splashes
during welding and mechanical wear during the assembly

© w _(71) of welding metal structures in the device.

T= Ira(r)dt = C.[re 20° (. The method of graphic summation of developments

0 0 proposed coating protects surfaces during execution of

. ) ) . welding operations and the assembly process determined
Performing a series of mathematical transformations,  that the average time to failure of the protective

2

we obtain for our case: ) coating is 5 — 6 years. It is theoretically revealed and
When performing assembly operations experimentally proved that to ensure an 8 — 10 — year
2 service life of the working surfaces of equipment placed
= near the welding zone, 2-time coating is necessary,
_ 2 2035 _ .
T, =T, +C05e =9,6 years. respectively.

When performing welding operations Conclusions

-T2,

9 202 Based on experimental studies, it was determined
T, =T, +C,one " =5,5 years.

that the resistance of the proposed protective coating
against the impact of welding splashes is described by a
multi — factor linear polynomial, and the resistance of the
coating during mechanical movement is described by a
cubic parabola. Based on experimental studies, it was
found that the operating time of the working surfaces of
assembly and welding equipment during assembly work
(assembly and tacking metalwork elements) is 615 years,
) o ] ] and when performing assembly and welding operations
introduced, which is determined from the expression: (tacking and final welding) from 4 to 8 vyears.
T Mathematical dependences of the probability of failure-
p= AT free operation, the frequency and intensity of failures are
p obtained. The average uptime of the coating is
6 years. It is theoretically determined and experimentally
confirmed that to ensure an 8-10-year service life, two-
failed element, h. time coating application is necessary.
In the process of conducting research on the
performance of assembly and welding equipment, one of
the main issues in the operation of equipment is the

The considered characteristics make it possible to
evaluate the reliability of coatings, but do not allow to
establish a relationship between the time components of
the operation cycle, not taking into account the time spent
on preventive measures and repairs ensuring the durability
of the elements of assembly and welding equipment. To
solve this issue, a performance coefficient k,  is

where T — uptime, h; T, — the time it takes to restore the
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JOCIIIKEHHSA HAITPAITIOBAHHSA 3AXUCHOI'O ITIOKPUTTSA IIOBEPXOHD
CKJIAJAJIBHO-3BAPIOBAJIBHOI'O OCHAIIIEHHSA

IIpenMeToM nocmiKeHHS B CTaTTi € IMHWTAaHHA, MOB'S3aHI 3 BH3HAYCHHSM TEPMiHY CIy>KOM 3aXMCHHX IOKPHUTTIB, IO 00epiraroTh
MOBEPXHI CKJIaJabHO-3BapIOBAIFHIX MPUCTOCYBAHb BiJl BIUTUBY 3BapIOBAJIbHUX OPH30K 1 MEXaHIYHOTO 3HOCY NPH BUKOHAHHI IEBHUX
omepauii mo 30ipii i 3BaproBaHHI 3BapHUX METAJOKOHCTPYKUil. Po3BUTOK B YKpaiHi pi3HHX raigy3eil MpOMHCIOBOCTI, 0COOIUBO
rajgy3i TOYHOTO MAaIIMHOOYyAyBaHHS (IpuiagoOynyBaHHS), XapaKTEPU3YEThCS MEPeX0JOM Ha PHUHKOBI METOAM TOCHOJApIOBAaHHS,
MiABUIICHHS MONHUTY Ha KOHKYPEHTOCIPOMOXHY 1 JIKBIZHY HpPOAYKHifo. L[poro Mo>kHa IOCATTH CHCTEMAaTHYHHM 1 LIBHIKUM
BIPOBA/DKEHHSAM TEXHIYHO HOBHX BHPOOIB, IIJBUIIEHHS IX SKOCTi, 30UIBLICHHAM NPOTYKTUBHOCTI IIpalli, aBTOMAaTH3aIli€l0
BUPOOHMITBA. Y KOHCTPYKIISX MOJICPHI30BaHMX 1 HOBHX BHIaX BUPOOIB MIMPOKO 3aCTOCOBYIOTHCS 3BapHI METaJOKOHCTPYKIIii, IKiCHE
BUTOTOBJICHHS SIKUX HEMOJJIMBO 0Oe3 3aCTOCYBaHHS CKJIaJaJbHO-3BapIOBAJBHOTO OCHAIIEHHS. HamiiHICTh i JOBrOBIYHICTH JaHUX
MIPUCTOCYBAHb 3aJEXKUTh BiJ] 3aXHCTy IX IOBEPXOHb BIUIMBY 3BapIOBAJIBbHUX OpPH30K i 3agupaM IpH BUKOHAHHI CKIAZaNbHHX 1
3BapIOBAJILHUX ONEpaLiil. AHAMITHYHI 1 eKCIIEPUMEHTANbHI JOCIIKCHHS CTIHKOCTI 3aXUCHUX MOKPHUTTIB BIUIMBY EKCIIEPUMEHTANBHOL
3BapIOBAJILHOT KpaIlli METaly MOKa3aid, IO 3 OUIBIIOCTI anpoOOBaHUX MOKPUTTIB HAHOLIBII TOBFOBIYHUM € PO3pPOOIICHE 3aXHCHE
MOKPHUTTS, IO MICTUTh CyMIIl MOPOMIKY AUCYIb(Diny MomiOaeHy, MOpouIKy rpadiTy, emOKCHIHOTO JIaKy i MEBHHUX PO3YMHHHKIB.
Merta: BH3HAYEHHS TEPMiHY CIy)OW po3pOOIEHOr0 3aXMCHOTO MOKPHUTTS NPH BIUIMBI PsLy 3HAYYIIMX YMHHUKIB, B TOMY YHCIL
BIUTMBY pealbHHX 3BapIOBaJbHIX OpH30K. 3aBIaHHsI: BUSBUTH OCHOBHI — 3HAYYILi TEXHOJIOTTYHI YHHHHKH, SIKi BIUIMBAIOTh HA TEPMiH
CITyKOM 3aXHCHOTO IOKPUTTS; PO3POOMTH MATPHII0 IUIAHYBaHHS Ha MiJICTaBi IOBHOTO (PaKTOPHOTO EKCIIEPUMEHTY; HPOBECTH
EKCIIepUMEHTANIbHI  JIOCIIDKEHHSI CTIHKOCTI IOKPHTTS BIUIMBY €KCIIEPUMEHTAIBHOI Kparuli MeTaly IpH BIUIMBI 3HAYYyIIMX
TEXHOJIOTIYHUX (AaKTOPiB, OTPUMATH PIBHAHHS perpecii CTIKOCTI; NMPOBECTH aHANITHYHI Ta EKCIIEPUMEHTANIbHI JOCHIIKCHHS 3
BU3HAYCHHS TEMIEPATypH EKCIIEPUMEHTANIBHOI KPAaIUli PO3ILIABICHOTO METally; NMPOBECTH aHANITHYHI JOCIHIDKCHHS TEMIIepaTypH
peanbHOT 3BapIOBAIBHOT OPHU3KH; MPOBECTH JOCTIHKEHHSI CTIMKOCTI MOKPHUTTS MPH TEPTi; MPOBECTH aHAITHYHI JOCTIIKEHHS II0/I0
BU3HAUCHHS KUIBKICHUX XapaKTEPHCTHK HAIIHHOCTI 1 JOBTOBIYHOCTI 3aIPOIIOHOBAHOTO CKJIAAy HOKPHUTTSA. Pe3yabTaTu: B CTaTTi
MpeICTaBlIeHl JaHi IOCHIKEHb aBTOPaMH TEPMiHYy CIyOW 3ampolOHOBAHOTO 3aXHMCHOTO MOKPHUTTS, LI0 o0epirae MOBEpxXHi
CKJIaIQJIbHO-3BapIOBAJIGHUX TIPUCTOCYBAaHb TP BIUIMBI 3BApIOBANEHHX OPH30K 1 3HOCY MOKPHUTTS NP IEPEMIICHHI eleMEHTIB
METAJIIOKOHCTPYKIIH B mpucTocyBaHHi. OTpUMaHO KUTBKICHI XapaKTEPUCTUKH HAIIHHOCTI i OBrOBIYHOCTI NMOKPHUTTS. BHCHOBKH:
Po3po0seHO METOJOJOTi0 MI0J0 BHU3HAYCHHS TEPMiHY CIY)KOM 3aXMCHHX IOKPHUTTIB, IO 00OEpiraloTh MOBEPXHI CKIaIalbHO-
3BapIOBAJIbHUX NPHUCTOCYBaHb BiJl BIUIMBY 3BapIOBAJbHUX OpHU30K NPH BUKOHAHHI 3BapIOBAIBHUX OIepamiii i 3HOCY HOKPUTTS IIpH
NepeMIillleHH] elIeMEHTIB 3BapIOBaIbHOT KOHCTPYKIIT B IPUCTOCYBAaHHI TIPH CKJIaJaHH.

KniouoBi cioBa: ckinagaapHO-3BaproBajibHa OCHACTKA; 3aXHCHI MOKPUTTS; 3BapIOBAJIbHI OPH3KH; TOBIIMHA 3aXHCHOI IUTIBKH;
BUM 3BapIOBaHHS; HMOBIPHICTH 0€3B1IMOBHOI pOOOTH; YAaCTOTA BiZIMOB; IHTEHCHBHICTH BiZIMOB; CTPOK CITY>KOH.

HCCJEITOBAHUE HAPABOTKM 3AIIIUTHOI'O TOKPHITUS ITIOBEPXHOCTEN
CBOPOYHO-CBAPOYHOM OCHACTKHA

I[Ipeamerom wmccrenoBaHUs B CTAaThe SBISIOTCA BOMPOCH, CBSI3aHHBIE C ONPEACICHHEM CpPOKa CIyXOBI 3alllUTHBIX MOKPBITHH,
MPEIOXPAHAIONINX TTOBEPXHOCTH COOPOYHO-CBAPOUHBIX IMPHCIOCOONCHUI OT BO3ICHUCTBHS CBAapOYHBIX OPBIST M MEXaHHYECKOTO
HM3HOCA TIPU BBINOJHEHUU OIPENCICHHBIX ONepalyidi 1nmo cOoOpke M CBapKe CBAPHBIX METAUIOKOHCTPYKIMi. Pa3Butue B YkpaumHe
Pa3MYHBIX OTPACHeH MPOMBIIUICHHOCTH, OCOOCHHO OTPACd TOYHOTO MAITHHOCTPOCHHUS (MPUOOPOCTPOCHHUS), XapaKTECPU3yeTCs
MEPEX0I0OM Ha PBHIHOYHBIC METOJIbI XO3SHCTBOBAHHS, MOBBINICHUS CIPOCAa HA KOHKYPEHTOCIOCOOHYIO M JHKBHIHYIO MPOIYKIIHIO.
DTOr0 MOXXHO JOCTHYh CHUCTEMATHUYECKHMM M OBICTPBIM BHEAPCHHEM TEXHHUYCCKH HOBBIX H3JCNUI, TOBBIINICHUS WX KauecTBa,
YBEIIMYEHUEM MTPOU3BOJUTEILHOCTH TPYZAa, aBTOMATH3aIMel MPOM3BOACTBA. B KOHCTPYKIMAX MOJEPHU3UPOBAHHBIX U HOBBIX BHAX
W3 IIUPOKO TIPHMEHSIOTCS CBapHbIE METAJUIOKOHCTPYKIMH, KaueCTBEHHOE HW3TOTOBJIEHHE KOTOPBIX HEBO3MOXHO 0e3
MpUMEHEHUs] COOPOYHO-CBAPOYHOM OCHACTKH. HameXHOCTh M JOJNTOBEYHOCTh NAHHBIX MPHUCIIOCOONEHWH 3aBUCHT OT 3alIUTHl HX
MMOBEPXHOCTEN BO3JICHCTBHIO CBAPOYHBIX OPBI3T M 3a1paM IIPH BEIOJHEHIH COOPOYHBIX U CBAPOYHBIX OIEpaluii. AHATUTUIECKUE 1
OKCHEPUMEHTAJIBHBIE UCCIIENOBAHUA CTOMKOCTH 3alIUTHBIX HOKpblTI/Iﬁ BOS)ICFICTBI/I}O SKCHepHMeHTaJIbHOﬁ CBaquHOﬁ Karie MeTajiia
MOKa3aJid, 4YTO U3 OOJIBIIMHCTBA anpoOUpPOBAHHBIX MOKPHITUH HaWOOJEee JOITOBEUHBIM SIBJSIETCS pPa3paOdOTaHHOE 3allUTHOE
HOKpBITHE, COAEpXKallee CMech IOpolIKa aucyiabduaa MoimubieHa, mopolnka rpaduTa, SMOKCHAHOTO Jaka M OIpeeleHHBIX
pactBoputeneii. Llean: onpeneneHue cpoka CiyObl pa3paOOTAHHOTO 3ALIMTHOTO MOKPBITHS NMPHU BO3ICHCTBUH psiia 3HAYMMBIX
(akTOpOB, B TOM YHMCIIE BO3JCHCTBUIO PEaTbHBIX CBAPOYHBIX OpbHI3T. 3aJauyM: BBIIBUTH OCHOBHBIE — 3HAUYHMMBIC TEXHOJIOTHYECKHE
(aKTOpHl BIMSIOMIME HAa CPOK CITYy:KOBI 3allUTHOTO TOKPHITHS; pa3paboTaTh MaTpHUIy IUIAHHPOBAaHHWS Ha OCHOBAHUH IIOJIHOTO
(haKTOPHOTO FKCIIEPUMEHTA; IPOBECTH SKCIIEPUMEHTAIIBHBIC UCCIIEIOBAHUS CTOMKOCTH MOKPBITHS BO3JEHCTBHIO SKCIIEPUMEHTAIBHOM
KalUId MeTaJUla TPW BJIMSHHUM 3HAYUMBIX TEXHOJIOTHUECKHX (AKTOPOB, MOJYYHUTh YPaBHEHHUS PETPECCHH CTOHKOCTH; MPOBECTH
AHAJTMTUYECKUE M IKCIIEPUMEHTAIBHBIC UCCIIEIOBAHUS 110 OIPEACICHUIO TeMIIEpPaTyphl SKCIEPUMEHTAIBHON Kalljli pacIyIaBIeHHOTO
MeTaJuia; MPOBECTH aHATUTHYECKHE NCCIICA0BAHHS TEMIIepaTyphl pealbHOi CBapOYHON OpBI3rU; MPOBECTH HCCIEJOBAHUE CTOHKOCTH
TMOKPBITUA NTPU TPEHUHU,; IPOBECTH AaHATTUTHYCCKUC UCCIICAOBAHHUSA 10 ONPEACICHUIO KOJTMYCCTBEHHBIX XAPAKTCPUCTUK HAACKHOCTU U
JOJTOBEYHOCTH IPEATI0KEHHOI0 COCTaBa MOKPHITHS. Pe3yabTaThl: B CTaThe MPENCTABICHB! JaHHbIE HCCIIE0BAHUI aBTOpaMH CpoKa
CITy>KOBI TIPEIUIOKEHHOTO 3alIUTHOTO TOKPHITHS, MPEIOXPAHSIONIEr0 IMOBEPXHOCTH COOPOYHO-CBAPOYHBIX IMPHCIOCOOICHHN TPH
BO3ICHCTBUU CBApOYHBIX OPBI3T M HM3HOCA TOKPHITUS IMPH MEPEMEIICHHH SJIEMEHTOB METAJUIOKOHCTPYKIWH B TPHCIIOCOOICHHH.
[Tomy4eHsl KONMMYECTBEHHBIC XapaKTEPUCTUKU HAJISKHOCTH M JIOJITOBEYHOCTH MOKPHITHA. BbIBoabI: Pa3paboraHa mMeTomonorus mo
OTIPENIENICHHI0 CPOKa CIYXKOBI 3aIIUTHBIX TOKPBITHI TPETOXpaHSIONINe MOBEPXHOCTH COOPOYHO-CBAPOYHBIX MPUCIIOCOOJICHUH OT
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BO3JIEHCTBUSI CBAPOYHBIX OpBI3I NPH BBIIOJHEHHM CBAPOUHBIX OMEpAIMi M M3HOCA MOKPHITUS TPHU MEPEMENIEHHM >IEMEHTOB
CBapOYHON KOHCTPYKIMHU B IIPHCIOCOOICHHH IIPU COOPKE.

KnioueBbie c1o0Ba: cOOPOYHO-CBApOUHAsl OCHACTKA; 3aIIUTHBIE MOKPHITHS; CBAPOYHBIE OPBI3TH; TOJIIMHA 3a[IUTHON IUICHKH;
BUJIBI CBapKHU; BEPOSITHOCTH O€30TKa3HOI pabOTEI; 4aCTOTa OTKa30B; HHTEHCUBHOCTH OTKAa30B; CPOK CITYXKOBI.
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