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3anpononosanuii cnoci6 00poéKu 306HIMHLOL MA GHYMPIUHLOT KOHIMHUX
nogepxonb yandu i 6CMAKU, WO AGAAIOMb COH010 NApy mepms KOG3AHH ONOpU
pozuunosmimyeaua. O6podKa nonszae y momy, wo Ha KOHIMHI NOGepXHI Oema-
Jeil, AKi 6y nonepeonbo nidz0moesaeHi MoUiHHAM, HAHOCUNBCSA 3HOCOCIIUKUL
Mamepian y euzas0i meepoocniashoz0 nopowky na ocHosi vikemo. Hanecenns
6100Y6aecmMvbC CNeuiaIbHUM NATLHUKOM 13 OYHKEPOM-003amopom, Y AKUL 3acu-
naemuvcs nopowox. Bracnidox 3mimyeanns z20prouoeo easy (auemunen ma
KUCeHb) Y NAIbHUK06i i3 NOpowKom 3 Gynxepa, 6i00Yeacmvcs po3nnasients.

ITio uac peanizauii 0anozo0 Mmexnon0z2ivHo20 npouecy i3 3acmocy8anHHam
Memooie Mamemamun0z0 M00eI06AHH Y10 3HATOEHO ONMUMATLHE PEHCUMMHI
napamempu (éumpama nopowxy III'MOH-01 — 33,5 ¢/x6.; sumpama xucnio —
7,0 n/x6.; muck auemuneny — 0,043 MIla) 2a3ononymenesozo HaAnnasieHHs,
aKi 3abeznevuau maxcumanoHuil egexm, moomo Haioiwuy MiuHicmo 3uenen-
na (45 Mlla) nannaenenozo noxpumms. Bunpobyeanns sxocmi naniasienozo
noxpumms 30lCHI08ANOCH 3a 00NOMO20I0 WMUPDMO6020 MeMOOY BUIHAMEHHS
MiyHOCMI 3uenieHHs H08020 NOKPUMMSL i3 OCHOB010 HA POIPUGHITE MAWUHI.

Cepisa excnepumenmanvnux 00CaiOdceHb w000 NidGuUUeHH AOPA3UCHOT
cmilikocmi 0nopu K063auHs, a4 Came NOPIGHAHHA HANAAGAEHO20 NOKPUMMS
i3 iHWUMU 342aNbHOGIOOMUMU 3HOCOCMIKUMU Mamepianiamu, maxumu K
cmanw IIX15, XBI, 30diticniosanace na cneuiansno po3podnenomy 00caionomy
cmendi. Hozo xoncmpyxuiio po3pobneno na 6asi 6epmukaivnHo-c6eponuIvHo-
20 HACMINBIO20 8epcmama iz a0anmauiero 1ozo 00 Yymos poto1ozo npoyecy, wo
6i0byeaecmvca y Kopnyci pozuunosmimyeaua. Ile nasenicmo abpasuenozo cepe-
dosuwa, padianvHux i 0cb08uUx 3ycuns. /[N 6U3HAMEHHS 0CbO6020 HABAHMA-
JHCEHHS HA ONOPY 3aNPONOHOBAHO KOHCMPYKUIIO 2i0PABIIMHO20 NPUCMOCYBAHHSL,
sIKe CKAA0AEMBCS 13 MAHOMEMPA, NOPUWHSL, 2inb3u ma Ky avku. Ocvose Hasanma-
JHCeHHs 3HAli0eHo 0 HAUOLIbIL HeCNPUAMAUBUX YMOBAX pobomu 3mimyeaua.
Hozo 3nauenns 6yno peanizosano na docnionomy cmendi anowyeanns. Oxpim
Ub020, NPOBEDEHO CePito eKCnePUMeHMANLHUX 00CTIOHCEHD i3 6USHAUEHHS ONmU-
MAIbHOZ0 KYMa KOHYca npu epuiuni yandu i 6cmaexu KoHiMHOi ONOPU KOB3AHHSL
0151 MIHIMATILHO20 3HOWYBAHHSL.

Buxopucmanns 3anpononoeanozo cnocody 2azonoiymenesoz0 HanasieH-
Hs 003607UNMb CYMMEBO NIOGUWUMU AOPAZUCHY MA KOPOSTUHY CIMIUKICMb ONOpU
K083aHHS, NO00BHCUGWIU MEPMIH eKCRAYAMAUTT POZHUHOIMIMYBAA Y UIIOMY,
POWUPUMU MINCPEMOHMHUL YUK 001A0HAKNS O npuzomyeants oyodiseiv-
HUX POZUUHHUX CYyMmiulell

Kmouosi cnosa: z2azononymenese naniaenienns, aépazuene 3HOWYEaHHs,
onopa K063anHs, meepooCnIasHUIl ROPOULOK, MEXHOIOZIMHUL NPOUEC
u| 0

UDC 667.637.22:620.178.16

DOI: 10.15587,/1729-4061.2020.193510

Received date 09.01.2020

IMPROVING

THE ABRASIVE

RESISTANCE
OF A SLIDE
FRAME IN

A MORTAR
MIXER

S. Popov

PhD, Associate Professor*
E-mail: psv26@i.ua

S. Gnitko

PhD, Associate Professor*
E-mail: novtehwest@gmail.com
A. Vasyliev

PhD, Associate Professor*
E-mail: 7331@i.ua
*Department of Construction
Machinery and Equipment
National University

«Yuri Kondratyuk

Poltava Polytechnic»
Pershotravnevyi ave., 24,
Poltava, Ukraine, 36011

Accepted date 23.01.2020
Published date 24.02.2020

1. Introduction

The operation of technological machines is accompanied
by phenomena and processes that could result in their failure.
Among them, abrasive wear is worth noting. This is the surface
destruction of machine parts as a result of their interaction with
high hardness particles at high speed of interaction. These par-
ticles include: rigidly fixed grains, loose particles, the particles
that move freely inside the gaps of conjugated parts, as well as
the loose particles sucked to a jet by a liquid or gas [1].

There are many technological methods to improve the
abrasive resistance of machine parts exposed to friction, name-
ly, forming a galvanic coating, anodizing, saturation, surfac-
ing (manual, arc, by covered electrodes; under a flux, by wires
and strips; in the environment of protective gases, by electrodes,
self-protective powdered wires; electroslag, plasma, laser, elec-
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tron beam, induction, gas-flame), chill casting, plasma temper-
ing, laser hardening. Each method has its own scope of applica-
tion, the advantages and disadvantages. Based on the detailed
analysis [2, 3], in order to improve the abrasive resistance of
the conical slide frame in the working body of a mortar mixer,
operated in a soluble mixture used for construction, a method of
gas-flame surfacing was recommended. That makes it possible
to flexibility and independently control a working temperature,
control the consumption of a surfaced material; it does not
require any complex technological equipment, nor significant
energy costs. In addition, it ensures the possibility to adjust the
thickness of a surfaced layer through different inclination angles
of a workpiece; and it is characterized by a low cost.

Therefore, it is a relevant task to investigate the processes
that are associated with the increased resistance to abrasive
wear due to using the technology for gas-flame surfacing a wear-



resistant material on the parts of a fric-
tion pair in a slide frame. The frame ope-
rates as a part of the working body (belt
auger) of a mortar mixer for preparing
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and problem statement
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The slide frame, shown in Fig. 1, rep-
resents a completely assembled unit inclu-
ded in the mobile mortar mixer equipped
with a pump [4].
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The principle of frame operation is
described in detail in [2]. A pair of fric-
tion in the frame is formed through the
interaction between insert 5 (Fig. 2) and
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wrist pin 12 (Fig. 3). The frame is ad-
justable. Its special feature is that it
completely replaces a standard one (a roll
frame), which was located from the out-
side of the mixer body and whose tight-
ness deteriorated over time.

In [3], authors noted that the long-
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Fig. 2. The insert in a slide frame
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term industrial tests of a frame are ac-
companied by significant wear of the
insert and wrist pin. The working body
of the mixer rubs against its casing’s bot-
tom. This leads to a gradual failure of the
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working shaft in a screw mixer, due to its
sagging and ultimate jamming.
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Paper [5] was an attempt to investigate
the friction of a frame’s working surfaces ‘
under the action of the applied load. The
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wear magnitude in the wrist pin and insert
was calculated. It was established that the
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pressure at the surface of the wrist pin and
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insert obeys a hyperbolic dependence. It
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was proposed to use wear-resistant mate-
rials at the rubbing surfaces. However, no
experimental research was conducted.

In [6], authors report that machines and mechanisms
operate under different conditions, which is why their wear
is affected by the working environment in which the friction
and wear occur.
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Fig. 1. A slide frame: 1 — pressing screw; 2, 9, 10 — sealing rings; 3, 4 — flange;

5 —insert; 6 — screw; 7 — body; 8 — adjustment screw; 11

12 — wrist pin; 13 — mixer shaft; 14 — pinwheel; 15 — pintle; 16 —

18 — finger; 19 — cotter pin; 20 — pin

Fig. 3. The wrist pin in a slide frame

The reported study proved that the abrasive resistance of
steels depends on their hardness, chemical composition, and
the structure of a surface layer. For the non-alloyed steels
with a stable structure, wear resistance is directly proportio-
nal to the hardness of a friction surface.
The alloying elements, for example,
chromium, improve durability. It was
proposed to enhance the durability of
steels by ionic nitriding. The use
of gas-flame surfacing was not given
due attention.

Work [7] applied the methods of
mathematical modeling to examine the
process of gas-flame surfacing involv-
ing a nickel-based powder. The model
was used to assess a time-dependent
change in the volume of a coating’s
metal, since the dissolution of carbide
originates from the particles shaped
in spheres and cylinders. In addition,
the authors investigated the motion
speed and temperature of the powder

— mixer wall;
nut; 17 — shim;



particles, depending on their shape and size, as well as the ini-
tial parameters of the technological process.

The same researchers mathematically modeled the fac-
tors of a surfaced coating in the system WC-Ni. These include
a temperature change, a hardening rate, and the thermal
interactions between a coating’s layers [8]. The conditions
for forming the proper structures within a coating and
a substrate were defined. The study noted that the main issue
worth investigating was to search for the optimum tech-
nological parameters of the surfacing process, which would
ensure the maximum performance of the coating.

Work [9] reported a study into the erosion-corrosion
characteristics of self-fluxing coatings in the system Ni-Cr-
Mo-Si-B, applied on the carbon (BS970 EN8) and stain-
less (UNS S31603) steels. The authors compared the samples
of conventional surfacing to those obtained under conditions
of vacuum with the saturation by a polymeric material. The
working environment during the research was a jet of seawa-
ter. The disadvantage of the examined coatings was that the
polymer did not change the erosion-corrosion performance
of the newly formed surface, although a slight increase in
resistance was observed anyway. Therefore, the issue of
protecting metallic articles against erosion and corrosion
destruction in seawater has remained open.

A detailed study into the microstructure of a surfaced
coating (a nickel-chromium base) with a thickness of 200 um
was reported in [10]. X-ray diffraction and electron micros-
copy were applied. The coatings had a layered structure as
a result of deposition and cooling of the sequentially and
partially melted splashes. The structure of matrices, enriched
with nickel and chromium, was investigated. The durability
of newly formed surfaces was left unaddressed. The authors
only stated that the microhardness of a newly formed coating
containing boron and carbon was 6 GPa.

In [11], authors proposed the application of a hard al-
loyed nickel-based wear-resistant powder on working sur-
faces using surfacing. Conventional carbon and stainless
steels were used for comparison. The coating resistance
against erosion was investigated by using a cavitation appa-
ratus. A given study addressed not the abrasive resistance of
a coating, but the cavitation one.

The properties of a wear-resistant layer based on nickel
were investigated in [12]. A special feature is that this layer
was additionally reinforced with the titanium carbide and
boron carbide particles. The samples demonstrated excellent
wear-resistant properties; however, the impact viscosity
decreased. That could subsequently lead to the formation of
cracks. The latter would pass throughout the entire surfaced
layer, which is not acceptable.

Improving the resistance against a high-temperature abra-
sion by the Cr3Cy-NiCr coatings with the addition of WC,
which were applied by high-speed surfacing followed by
a thermal treatment, was described in work [13]. To identify
the effect exerted by adding tungsten carbide on the hardness
and abrasion resistance of the newly formed surfaces, the
authors investigated powders obtained in various ways. The
applied coatings were exposed to the thermal treatment to
simulate operating conditions at elevated temperatures. The
microstructure was studied by an X-ray diffraction method;
the hardness of the coatings — by micro- and nano-inden-
ters, over a temperature range from ambient to 800 °C. The
coating hardness did improve after thermal processing. That
was predetermined by the release of secondary carbides and
by strengthening the solid adhesion solution by tungsten.

In addition, the study proved that the experimental coatings
had high durability at room and elevated temperatures. The
disadvantage is the difficulty of obtaining these powders, as well
as the need for the further thermal treatment. This makes the
technology more expensive and requires additional equipment.

Work [14] studied the application of nickel and nickel-
inconel powders on the surfaces of stainless steels. The micro-
structure of coatings was examined using the methods of
X-ray diffraction, electron microscopy, energy dispersive
X-ray spectroscopy, and by testing for hardness. The cavita-
tion study tested resistance against erosion. Adding inconel
increases the hardness and resistance of coatings. However,
cavitation erosion reduces the magnitude of fatigue strength
in the obtained coatings.

The results from our analysis of the scientific literature
have revealed a large body of research into the surfacing
process involving the wear-resistant nickel-based powders.
The method has become quite common given its relative
simplicity and low cost. Along with this, there remain the
problematic issues related to determining the optimal tech-
nological parameters of surfacing for specific cases and the
microstructure of newly formed coatings, their effect on
abrasive and corrosion properties of articles, the strength of
adhesion to a main material, cooling rate and the hardening
of the applied material, the processes of interaction between
the newly formed layers, etc. In addition, of interest is the
processes of combustion of various combustible gases and
vapors in a mixture with oxygen, the uniform supply of
a surfaced material to the high-temperature combustion
zone. The application of the nickel-based coating is due to its
high abrasive and corrosion resistance.

Thus, the process of gas-flame surfacing implying the
application of a nickel-based wear-resistant powder on the
working surfaces of a friction pair made from low-carbon
steel of elevated plasticity must be studied in detail. This is
especially important for improving the abrasion resistance of
the conical slide frames of the original design, which are part
of the mortar mixer.

3. The aim and objectives of the study

The aim of this study is to reduce the magnitude of
abrasive wear of the wrist pin and insert in a conical slide
frame, which works as part of the screw working body of
a mortar mixer and interacts with a soluble mixture used for
construction.

To accomplish the aim, the following tasks have been set:

—to construct a mathematical model that would ade-
quately characterize the technological process of gas-flame
surfacing by applying a hard alloyed nickel-based wear-re-
sistant powder;

— to simulate at an experimental bench the wear process
of a friction pair in the abrasive environment under the ap-
plied loads;

— to propose a procedure for determining the magnitude
of an axial load experienced by a slide frame during operation;

— to carry out a series of experimental studies to deter-
mine the wear of friction pairs in a slide frame with respect to
the structural execution of the wrist pin and insert in a slide
frame, the articles’ materials, and a working environment;

— to determine the optimum parameters for the techno-
logical process of gas-flame surfacing of the working surfaces
of the insert and wrist pin in a slide frame of the mortar mixer.



4. Materials and methods to study the abrasive resistance
of a slide frame in a mortar mixer

A material chosen for the manufacture of the insert and
wrist pin with the aim of applying a wear-resistant coating
was steel 25. This is a low carbon structural steel of small
strength but high plasticity, used for the manufacture of
various components from rolled steel, forgings, pipes, sheets,
strips and wire. The finishing heat treatment is not required
for the case under consideration.

The chemical composition and mechanical properties of
steel 25 are given in Table 1.

At the beginning of machining, the working surfaces of
a friction pair had a roughness of 12.5 um on the R, scale.
A special burner containing a dispenser for a powdered
material was applied at gas-flame surfacing. We used a hard
alloyed powder, grade PG10N-0. Its chemical composition is
given in Table 2.

The process of surfacing involved a combustible gas,
namely the [CoHs+O5] mixture, which could provide for the
required melting temperature of a hard alloyed powder. The
workpiece was pre-heated to (300...400 °C). The surfacing is
followed by a turning treatment using a composite material.
The thickness of the newly-formed coating, measured by an
ultrasonic flaw detector, is 1 mm. The microstructure of the
coating is shown in Fig. 4.

The quality of the newly-formed coating was tested
through the adhesion strength (o},, MPa) between the latter
and the base. To this end, a pin detachment method was used
and a tensile testing machine.

Adhesion strength between the newly-formed coating
and the base material (steel 25) depends on the technological
parameters of the surfacing process, namely: CoHy pressure,
consumption of Oy and the hard alloyed powder. These tech-
nological parameters were chosen as the variance factors for
the newly created model in order to derive their optimum
values. The latter should ensure the maximum adhesion
between a wear-resistant coating and the base because its
insufficient value could lead to peeling and, consequently, to
the loss of abrasive stability (Table 3).

Underlying a mathematical model (the dependence of
adhesion strength between a coating and the base on three
technological factors) is the equation in the following form:

y:b0+b1-x1+b2-x2+b3-x3+b“-xf+

To investigate the wear process in a slide frame after sur-
facing, we proposed the design of experimental bench (Fig. 5),
which simulates the operational process.

Fig. 4. The coating’s microstructure

Table 3
Factor levels and their variance intervals
Desig- Pc,i, MPa | go,, 1/min | gpg, g/min
Factor levels .
nations
X; X, X,
Upper +1 0.060 7.00 50.0
Basic 0 0.043 4.75 33.5
Lower -1 0.026 2.50 17.0
Variance interval Ax; 0.017 2.25 16.5
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by x5 by X2+ by X, 2, + by X, 2, + Dy 2,20, (1) Fig. 5. Structural diagram of the experimental bench
Table 1
Chemical composition and mechanical properties of steel 25 (GOST 1050-2013)
. Chemical composition, % Mechanical properties, %
Material
type , ~
C Si Mn Ni S P Cr Cu Gy MPa | o4, MPa | A5, % | W, %
Steel 25 | 0.22-0.30 | 0.17-0.37 | 0.50-0.80 | t0 0.30 | t0 0.035 | to 0.030 | to 0.25 | to 0.30 275 450 23 50
Table 2
Chemical composition of the hard alloyed powder PG10N-01 (TU U 322-19-004-96)
Base Cr B Si Fe C Coating hardness, HRC Grain size, um
Ni 14-20 2.8-4.2 4.0-4.5 3.0-7.0 0.6-1.0 40-62 40-80




The principle of the experimental bench operation (Fig. 5),
placed atop fixed metal bed 1, is as follows. It is connected
to the network of a three-phase current through frequency
converter 2 (to control the engine rotation frequency).
From electric motor 3 (P=0.4 kW, n=1,320 rpm), via belt
drive 4, the rotation is transmitted to spindle 5, which hosts
cartridge 6. The cartridge, via clamp 7, is connected to two
blades 8, executing a rotational motion clockwise. The exami-
ned friction pair is composed of insert 12 and wrist pin 10.
Insert 12 is located in the hole at the bottom of tub 10 and
is clamped by grip 13. The latter resides on table 14 with
a T-groove. Wrist pin 11 is fixed in chuck 6. Tub 10 is filled
with a mortar, electric motor 3 is enabled, lever 9 hosts
load Fy 15 (simulating the axial load F,), the insert holds
load Fyp 20 (simulating the radial load F,) using roller 17,
axis 18, rack 19. Wrist pin 11, at rotation, is delivered to
insert 12. Blades 8 mix a mortar in tub 10, thus providing
for the uniformity of the soluble mixture, as well as its feed
to the contact area between wrist pin 11 and insert 12. Ta-
chometer 16 controlled the spindle rotation frequency of the
experimental bench. The overall view of the experimental
bench is shown in Fig. 6.

The preset value for the rotation frequency at which
a conical frame operates was 40 rpm. This frequency corre-
sponds to the working value of the mixer shaft speed where
the examined slide frames are located.

To determine the magnitude of an axial effort (applied
when loading at the experimental bench shown in Fig. 6), we
have designed a special single-piston hydraulic device, whose
structural diagram and the physical appearance are shown in
Fig. 7, 8, respectively.

Fig. 7. Structural diagram of the device for determining
the axial load: 1 — pressure gauge; 2 — sleeve; 3 — fitting;
4 — piston; 5 — screw sleeve; 6 — body; 7 — adjusting
screws; 8 — flange; 9 — wrist pin; 10 — plunger; 11 — ball;
12 — screw shaft

The principle of the device operation is as follows (Fig. 7).
During operation, as a result of the axial load, the mixer

shaft moves in the axial direction (from right to left). Ball 11
starts to interact with plunger 10, connected to piston 4. The
latter acts on the working fluid that fills the inner cavity of
sleeve 2. Pressure gauge 1 registers the generated pressure,
as shown in Fig. 9.

Fig. 8. Image of the device for determining
the axial load

Fig. 9. Determining the axial load on a frame
by the device

The magnitude of axial load F,, N, was calculated from
formula

I:a:pm"s) (2)

where p,, is the pressure value, registered by a manometer, Pa;
S'is the piston’s surface area, m?.

When increasing the mobility of a soluble mixture used
for construction (defined by DSTU B V.2.7-239:2010) two-
fold, the magnitude of the axial load on a slide frame is
reduced by 2.5-3times [4]. The maximum possible axial
load on a slide frame (186 N) under a non-stationary mix-
ing mode was registered for the following composition of
a cement-sand mortar: 1:5; mobility, 6 cm; the rotation
frequency of a working shaft, 40 rpm; with the mortar mixer
filled to capacity. This value was used as an axial load during
wear tests.

The amount of wear I, g, was determined based on
a change in the mass before and after tests at a non-lever
electronic scale (accuracy of measurement, 0.001 g).

The examined samples of the wrist pin and insert were
made from the hardened steels of grades 45 (HRC 45...50),
KhVG (HRC 60..63), ShKh15 (HRC 62..65), as well as
obtained from surfacing (HRC 60...65). The hardness of
the samples was determined using a hardness tester under
laboratory conditions. Steel 45 was used to manufacture the
samples with different values for the angle at the apex of the
cone (Fig. 10).

The ultimate result from each series of experiments was
the arithmetic mean of the test results from five friction pairs
at the experimental bench.



In the course of our study, we determined a confidence
interval for each experiment and compared it with the total
spread of values.

We have derived the coefficients for a regression equa-
tion, whose significance was checked by comparing the es-
timated value of the Student criterion with a tabular value;
the results are given in Table 5.

Table 5
Regression equation coefficients
Fig. 10. Examined samples of the wrist pin in a slide frame at by by by b b1y
angle o at the apex: 30°, 35°, 40°, 45°, 50° (from left to right)

44.697 0.226 0.119 0 —-0.657

. . . . by b3 by bys b

3. Results of studying the improved abrasive resistance

of a slide frame in a mortar mixer 0.029 0436 20.079 0,041 0.328

To construct a mathematical model and estimate the
strength of adhesion between a layer of the surfaced wear- By fitting the regression coefficients into the equation of
resistant coating of a hard alloyed powder (c},, MPa) and  a mathematical model (1), we obtain:
the steel base of the frame, we conducted a multifactorial

experiment to measure the magnitude of a detachment force _ ) o
by a pin method (see above). Table 4 gives a planning matrix y=44.697+0.226-2,+0.119-,
of the multifactorial experiment. - 0.657-x7 +0.029-x; —0.436 - x; —0.079- x, - x, —
Table 4 - 0.041-x,-2,-0.328x, - x,. 3)

Planning matrix of the three-factorial experiment

No. | a1 | x| x| 2 | 22 | 22 | x| xouws | 2oms ‘ .After movi.ng from the encoded values to actgal ones, by
1 1 1 1 1 1 1 1 1 1 fitting the derived ones into formula (3), we obtain:
R
3 T 1 1 1 Tl 1 1 1 y=35964+22351-F.;, +0.383-q,, +0.156-q,, -

4 | 1] -1] 1 1 1 1 1] -1]-t -2273.356- P2, +0.006-¢;, —0.002-q,, —
5 1 1 -1 1 1 1 1 -1 -1
s T 11 1 111 n N =2.065 P, 4o, —0.146- P,y -qp; —0.009-q,, -qp;. (4)
= , o
s | 11 11 11 1 1 1 1 1 1 The resulting assessment of suitability of the mathema-
tical model in the form of a functional dependence (4) was
J ! 0 0 ! 0 0 0 0 0 carried out based on a Fisher criterion. The calculations
10 ] -1 0 ! 0 0 0 0 0 demonstrated that the model is adequate. The mean value
11 0 1 0 0 1 0 0 0 0 of a relative error between the calculated and experimental
12101 -1]0 0 1 0 0 0 0 values does not exceed 2.8 %.
3] o 0 1 0 0 1 0 0 0 Fig. 11 shows the obtained three-dimensional graphic
14 0 0o | —11 o 0 1 0 0 0 depe.ndences of the adhesion strengt.h of the wear-resistant
coating made from the surfaced solid alloy PG10N-01 on:
15 0 0 0 0 0 0 0 0 0 . .
oxygen and powder consumption (Fig. 11, a); acetylene
16 0 0 0 0 0 0 0 0 0 pressure and the powder consumption (Fig. 11, b); acetylene
17 0 0 0 0 0 0 0 0 0 pressure and oxygen consumption (Fig. 11, ¢).

i-‘\\\\!l““m‘—‘

[

Fig. 11. Three-dimensional graphic dependences of strength: a — o, :f(%z; qPG), R, =0.043 MPa, q, =2.5...7 I/min,
Gps=11...50 g/min; b= &%, =F(Py, 5 Ges), Pryy, =0.026...0.060 MPa; g, =4.75 |/min; g =17...50 g/min;
c= 0%, =f(Pyids,), Py, =0.026...0.060 MPa, go =2.5...7 l/min, gy, =33.5 g/min



Our tests at the experimental bench (Fig. 12) established
that the interacting surfaces of the wrist pin and insert in
a slide frame that operate in an abrasive environment (a so-
luble mixture used for construction) have lines. They are the
characteristic elements of abrasive wear. In addition, there
are signs of corrosion. Consequently, the abrasive-corrosion
wear occurs, which could be minimized by surfacing a hard
alloyed nickel-based coating with not only a high abrasive
resistance but the corrosion resistance as well.

a b
Fig. 12. Signs of abrasive-corrosion wear in the components
from a friction pair in the slide frame of a mortar mixer:
a — insert; b — wrist pin

Fig. 13 shows the results from our experimental study in
the form of charts illustrating the dependences of a friction
pair’s wear on time and structural execution.

I, g

1.8 50°

1.6 30°

1.4 i 4312
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1.0 40"
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0'22 4 6 8 t, hours

Fig. 13. Dependence of wear amount in the wrist pin /, g,
over time ¢, hours (the total load on a frame Fs=375 N; the
samples’ material — steel 45; a cement-sand mortar, 1:5;
mobility, 6 cm; 30°, 35°, 40°, 45°, 50° — angle at the
apex of the cone)

Fig. 14 shows the results from a series of our experimental
studies aimed at determining a wear amount of the friction
pairs made from different materials (45, KhVG, ShKh15)
that interact with a soluble mixture used for construction,
with an angle at the apex of the cone of 40°.

Following the application on the steel base of the wrist
pin in a frame at an angle at the apex of 40° of the hard
alloyed coating on the friction surface at the optimum
parameters of surfacing (¢pe=33.5 g/min, ¢o,=7.01/min,
Pc,11,=0.043 MPa), we again estimated the wear amount in
a fashion similar to the conducted experiment involving steel
samples (Fig. 15).

A maximum of the adhesion strength, based on the ex-
amination of function (4) for extrema, corresponds to the
following technological parameters: go,=7.0l/min, gpg=

=27.29 g/min (Fig. 11, a); Pcp,=0.046 MPa, gpg=
=33.37 g/min (Fig. 11, b); Pc,n,=0.043 MPa, go,=
=7.0 1/min (Fig. 11, ¢).
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Fig. 14. Dependence of wear amount in the wrist pin, /, g,
a material, over time ¢, hours (the total load on a frame
Fs=375 N; the samples’ material — steel 45, KhVG, ShKh15;
a cement-sand mortar, 1:5; mobility, 6 cm;
angle at the apex, 40°)

Lg

1.0

0.8

0.6

0.4

02 - PG-10N-01

0

2 4 6 8 t, hours

Fig. 15. Dependence of wear amount in the wrist pin, /, g,
over time £, hours (the total load on a frame Fs=375 N;
the friction surfaces’ material, PG-10N-01; a cement-sand
mortar, 1:5, mobility, 6 cm; angle at the apex, 40°)

The use of a wear-resistant hard alloyed coating, applied
by a method of gas-flame surfacing, is an effective technique
for a significant reduction in the magnitude of abrasive wear
of the wrist pin and insert in a conical frame.

6. Discussion of results of forming the shape
of external profile surfaces

The results of the current study include an increase in
the abrasive resistance of the rubbing parts in the slide frame
of a mortar mixer, which is confirmed by Fig. 11-13. This is
achieved through the use of gas-flame surfacing by apply-
ing a wear-resistant hard alloyed nickel-based powder, the
grade PG-10N-01. The result is the formed coating with
a complex structure, in which the layers of particles from
the surfaced high-hardness material alternate with the oxide
layers. Such a character of the structure is the reason for
the high wear resistance of the surfaced layer. The powder
is applied onto the working surfaces of the wrist pin and
insert made from steel 25 with high plasticity and low cost.



However, the findings from our scientific study are valid for
a particular friction pair, specifically the insert and wrist pin
in a slide frame, because it has some design features.

When examining a mathematical model for determining
the optimal parameters of applying a hard alloyed coating by
a method of gas-flame surfacing, we built the three-dimen-
sional charts to investigate the strength of adhesion between
a coating and the base at paired interactions between the
study factors (Fig. 11). Varying the factors of oxygen and
powder consumption has revealed that the adhesion strength
increases at the upper value of oxygen consumption and the
medium value of powder consumption within the predefined
range (Fig. 11, a). When varying the factors of acetylene
pressure and powder consumption, it has been found that
the adhesion strength increases when choosing the medium
values of acetylene pressure and powder consumption with-
in the predefined limits (Fig. 11, b). Varying the factors of
acetylene pressure and oxygen consumption has established
that the adhesion strength increases at the medium acetylene
pressure and the upper value of oxygen consumption within
the specified limits (Fig. 11, b). By combining the variance in
all three charts at the same time, we have found that the opti-
mal parameters for applying a coating would be: the medium
value of powder consumption, the upper value of oxygen
consumption, and the medium value of acetylene pressure,
that is gp=33.5 g/min, go,=7.01/min, Pc,,=0.043 MPa.
This is explained by the maximum value of adhesion strength
between the applied wear-resistant coating and the base of
45 MPa, which is determined using a pin detachment method
by applying a tensile testing machine.

Fig. 13 shows that the angle at the apex of the cone,
which is equal to 40°, ensures the optimum ratio between
the axial and radial loads on a frame during the operation of
ascrew mixer. This, in turn, leads to a decrease in the amount
of wear. The increase or decrease in this angle relative to the
optimal value could lead to a negative impact: in the first
case — the radial load, and in the second case — the axial load.
That would affect the increase in the amount of wear.

The indicators obtained for the ball bearing steel of grade
ShKh15 and the instrumental steel of grade KhVG are sa-
tisfactory compared to steel 45, so it is not recommended to
use the latter for the manufacture of bearings (Fig. 14). At
the slide speed of 7.54 m/min., the average wear intensity
of a wrist pin was 0.080 g/hour — for steel KhVG, ShKh15;
0.130 g/hour — for steel 45.

As regards the impact exerted on the wear amount in
a slide frame by the type of a mortar used for construction and
its mobility, one should note the following. Earlier studies [4]
found that increasing the mobility of a mortar and transfer-
ring from the cement-sand and complex mortars to lime-sand
decrease the quantity of power consumed by a drive. That
would result, in this case, to a decrease in the magnitude of
the torque and the total load. Thus, the wear of a slide frame
would decrease while its durability could increase.

At the speed of sliding of 7.54 m/min. (Fig. 15), the ave-
rage wear intensity of a wrist pin was 0.032 g/hour for the
hard alloyed coating PG-10N-01, which is about 2.5 times
better than that for KhVG or ShKh15.

It should be noted that our study was performed for
the components of a bearing frame in a mortar mixer (the
insert and wrist pin) made from steel 25, followed by the gas-
flame surfacing of a hard alloyed nickel-based powder, the
grade PG10N-01. The frame is used in the body of a reversible
screw mixer, rotating at a constant frequency of 40 r/min.
During operation, the insert and wrist pin are in contact with
each other and a working environment, which is a soluble mix-
ture used for construction.

A promising direction to improve the wear resistance of
a slide frame is not to use the technology of gas-flame surfacing,
but melting [1]. The essence of the latter is not surfacing, but
melting, with a burner, the wear-resistant material already
applied onto the surface of rubbing parts in the wrist pin and
insertion in a frame. That could make it possible to avoid splash-
ing a molten powder, which is characteristic of surfacing, and to
simplify the design of a burner. However, the proposed techno-
logy must be studied in detail, in order to address the adhesion
strength between a material, already fused, and the base, as well
as to search for the optimal modes in the technological process.

7. Conclusions

1. We have constructed a mathematical model in the form
of a functional dependence that adequately describes the
technological process of gas-flame surfacing. At the paired
interaction of factors, we have built the three-dimensional
graphic dependences of the adhesion strength for a wear-
resistant coating of the wrist pin and insert in a slide frame on
the technological parameters.

2. Using an experimental bench based on a desktop ver-
tically-drilling machine, we have simulated the process of
wearing a slide frame in an abrasive environment under the
action of applied loads. There were characteristic signs of the
abrasive-corrosion wear of the wrist pin and insert in a frame.

3. A procedure has been proposed to determine the
amount of the axial load perceived by a frame. It is 186 N.

4. A series of experimental studies has shown that the
best option for a structural execution of the wrist pin and
insert is the angle at the apex of 40°. Forming a wear-resis-
tant coating based on the hard alloyed powder PG-10N-01
ensures excellent durability indicators. They exceed those for
steel ShKh15 by about 2.5 times.

5. We have defined the optimum parameters for the
technological process of gas-flame surfacing, which provide
for a maximum value of the adhesion strength between
a newly-formed wear-resistant coating and the base, 45 MPa,
namely: powder consumption, 33.5 g/min; oxygen consump-
tion, 7.0 1/min; acetylene pressure, 0.043 MPa.
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