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Tiopompancnopmue o6raonanna zipnu-
40-30a2a4Y6aANPHUX KOMOTHAMIE MAE HUFLKY
excnayamauiiiny Haoitinicmo, Hedocmant-
Hill poOOUUIL pecypc uepe3 inmencueHuil 2io-
PoadpasueHuil 3HOC PoOOUUX NOBEPXOHD
mpy6onposodie i nacocrozo o6adHaHNHA,
HeQoNKU KOHCMPYKUill 0eaKux 6Y3ie TpyH-
mMosux HACOCI8 ma ix ekcnayamauito. 3nau-
Huil 2i0poadpasuenuil 3HOC 0CHOBHOZ20 efle-
MeHma KOHCmPYKUii epynmosozo0 Hacoca —
P0o060ou020 KONECA, BUKAUKAE 000aMK06i 30Y -
protoui ounamivni cuau, w0 nNpu3coouUmv
0o nideuuenoi eidpauii azpesamy i, omoice,
00 nepeduacrozo éuxody iozo 3 aady. Ilu-
MAHHAM 6NAUGY 2i0p0AdPA3UEH020 3HOCY
P000u020 KOJMECA TPYHMOBUX HACOCIE HA
mepmin caysncou ixuwix ycmamnoeox i ixmii
pecypc, 00 menepiunb020 uacy, NPUoINLIa-
cs Hedocmamus yeaza.

Buxonano ananis npossy xasimauiiinozo
3HOCY Oemasell NPOMOUHOT UACMUHU 2PYH-
MOBUX HACOCIB, HAMIMEH] 3aX00U SHUNCEHHS
Kasimauii 3a paxyHox CRpusmMiuUGUX Ymoe
HA0X00MCEHHA PIOUHU 8 HACOC | HUICCHHS
B8AKYYMMEMPUUHOT BUCOMU BCMOKMYBAHMHSL.
3anponoHosano maxoxic psao 3axo0ié mexHo-
J102i4H020 MA KOHCMPYKMUGHO20 piulenHs,
SHUIICEHHS WKIONUB020 BNIUBY KAGIMAYL.

O6pani ma npoananizosani mamepianu
0 euz0mosnenns Odemaneil 6ioyeHmMpo-
6020 2PYHMOB020 HACOCA, WO 60J00IHONMD
BUCOKUMU EKCNIAYaAMAUTUHUMU AKOCMAMU,
Marome eucoxuii pecypc pooomu. Ili cnaa-
68U NOKA3ANU 8UCOKY KOPOIIUHY CMillKicmb
uepe3 6UCOKULL BMICM 8 HUX XPOMY.

Hamiueno wnsxu 600CKOHANEHHS KOH-
cmpykuii demaneil 6i0ueHmposozo epy-
mo6020 HACOCA, WO 00360I5€ NIOBUWUMU
pecypc ixnvboi pobomu, cmeopumu agmoma-
mu3068any cucmemy 0iazHOCMYGAHHA CMAHY
KOHCMPYKUYii 8 YiloMY

Knouoei cnosa: epynmosuii nacoc, po-
Ooue xoaeco, Opomneduck, 2idpoabpasue-
HUll 3HOC, OpPOCENIVBAHHSA, GUMIPIOGAIIb-
Hull cmeno
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1. Introduction

Ground pumps are mass units for the transport of crushed
ore in aqueous media. The formed water abrasive medium has
a high destructive capacity, so that the ground pumps, due
to the intensive wear of working parts, have a low service
life [1-3].

The service life of parts of the pump-armored disk, impel-
ler, does not exceed 20 days of work, after which it is neces-
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sary to stop the pump and carry out repair work to replace
worn parts. That requires considerable losses of working time
of the basic equipment of concentrating manufacture and
a large volume of spare parts [2].

Therefore, the research aimed at developing a new ground
pump design, with increased service life, is relevant.

The analysis of the problem of operation of ground pumps
has shown that ground pumps at the enterprises of mining
and processing manufacture do not meet the requirements



on reliability and power consumption indicators. The main
drawback of ground pumps is the low service life of parts of
the pump flow part due to the action of hydroabrasive and
cavitation wear [1, 2].

Therefore, as a result of the research of mechanical and cavi-
tation wear of impeller parts, the development of a new design of
the ground pump with high resources of work is an urgent task.

2. Literature review and problem statement

The works of a number of foreign and Russian sources [3-7],
design and technological decisions in the creation of effective
ground pumps which consist in the following are analyzed:

—increased disc thickness in the area of maximum wear
and through holes;

—the presence of an elastic band in the flow channel,
which may fluctuate;

— the presence of grooves in the impeller blades, arranged
in a certain order;

— use of a protective coating of high hardness material in
the form of shells;

— formation of local turbulent flows, displacement of lam-
inar flows from the periphery to the flow axis;

— reduced vibration due to intermediate supports;

— a way to reduce hydrodynamic friction by exposing the
boundary layer of liquid or gas to an alternating electromag-
netic field;

— changing the pipeline design from the inside — presence
of longitudinal ribs with cylindrical segments fixed on them
in order to reduce aerodynamic friction resistance and reduce
the thickness of the boundary layer;

—replaceable wear ring installed in the rotating pump
assembly;

— the presence of resistant and wear-resistant rings, in
order to hold the liquid film between them, as a result — re-
duced wear when the impeller rotates.

However, these measures did not solve the problem of
increasing the service life of ground pumps and replacement
of worn-out parts, which takes a long time. The reason for
this may be objective difficulties associated with the lack of
original solutions of constructive and technological nature,
which makes appropriate research impractical.

An option to overcome these difficulties may be that ground
pumps are used in mass production, and the limits of ground
pump improvement also depend on the hydrodynamic design
parameters of the pulp movement in hydroabrasive media.

This is the approach used in the works [8—10], but there
are problems with the surface roughness of the working disk.

All this makes it possible to assert that it is expedient to con-
duct a study on the improvement of the impeller and armored
disk design as the most important loaded parts of the pump.

From the works, on the theme of hydroabrasive media
transportation, it is possible to allocate researches where the
condition of hydrotransport systems of some concentrating
factories is analyzed. In [3], it is shown that in connection
with the obsolescence of technological equipment, the main
reason of failures in the work of hydrotransport of tails is
insufficient reliability of pump units due to which there are
up to 79 % of failures of the equipment.

In [4, 5], extensive researches of hydroabrasive wear in
industrial and laboratory conditions in which the theoretical
analysis of the wear process is combined with laboratory re-
searches and pilot tests are resulted.

Of great interest for further study of the process of
hydroabrasive wear are also theoretical and experimental
studies carried out by the authors [6].

When working on hydraulic mixtures with small solid in-
clusions, the slot seals located at the inlet side of the impeller
and the working surfaces of the blades and their inlet areas
are wearing out most quickly.

At work on hydraulic mixes with large solid inclusions,
the entrance sites of blades are exposed to the most intensive
wear, with practically no wear of other sites of an impeller
and consolidations. Wear of the input elements of the blade
affects the deterioration of suction capacity and reduction of
the head [7-9].

Assessment of hydroabrasive wear of ground pump parts
allows to identify significant ways to reduce it by changing
the design of the pump and creating an automated system
to assess the state of wear, that is, permanent diagnosis [10].

One of the essential phenomena influencing the wear of
ground pump parts is cavitation [11].

During cavitation, there is a drop in supply, head, effi-
ciency and power, erosion of wheel wall material, housing
and metal corrosion in the cavitation zone. The methods of
reducing the wear of working parts of pump units, given in
the cited literature [3—11], did not lead to a cardinal solution
to the issue of increasing the service life.

Thus, all these types of wear lead to the destruction of
the pump operating elements, deterioration of performance
characteristics. Therefore, the improvement of the pump
components design, providing the increase of wear resistance
and regulation of the pump unit operation mode, are actual.

3. The aim and objectives of the study

The aim of the study is to substantiate the process of wa-
ter-abrasive wear of ground pumps, to outline the ways of its
reduction.

To achieve this aim, the following objectives are accom-
plished:

— to analyze the problems of ground pumps operation;

—to develop constructive measures to increase the ser-
vice life of the ground pump and its parts;

— to conduct pilot tests of ground pumps.

4. Analysis of the problem of operation of ground pumps

Pumps wear out due to the contact of solid particles
moving in the liquid with the walls of the pump flow chan-
nels. The impeller separates the particles by their particle
size. Larger particles, whose trajectories are coarser than the
liquid current lines, do not fall on the working surface of the
blades at all. The blade flows only through the flow of small
solids suspended in it.

The process of water-abrasive wear of pumps is a conse-
quence of the total effect of all types of destruction: abrasive,
cavitation, erosion and corrosion.

As a result of water-abrasive wear, impellers, armored
discs and pump housings (snails) are most often replaced at
mining and processing plants.

Catastrophic sizes of hydroabrasive destruction of pump
impellers testify to the big destroying ability of water flow
containing abrasive particles [12, 13]. Fig. 1 shows fragments
of a new and worn pump impeller.
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Fig. 1. Ground pump impeller 8Gr-8:
a — new impeller; b — worn-out impeller

Hydroabrasive abrasion of ground pump parts is deter-
mined by the formula [14]:

3
A, = Ap%pwﬁnp sina, ¢))

where Ap — the coefficient taking into account the strength
of the wear part material and abrasive properties of solid
particles; t=3.14; d — average particle diameter of solid, mm;
or — solid speed, m/s; pr — solid density, t/m3 g — freefall
acceleration, m/s?; o — attack angle, degrees; n, — number of
particles colliding with the wearing surface per unit of time.

Non-ferrous metallurgical enterprises have adopted a clas-
sification of hydro-mixtures, according to which they are
divided into four categories depending on the properties of
solid particles (Table 1).

Table 1

Classification of hydromixtures adopted by non-ferrous
metallurgical enterprises

Mass con- .
Hy dro— centration Particle hgrd— Particle size, Hydro-
mixture e ness on the gen
) of solids, % mm .
category | oo Mobhs scale index, pH
Less than 2 | More than 8 6..8
2.3 8..3
I Up to 25 34 3 1
4..5 1 and less
Less than3 | More than 8 6..8
3.4 8..3
1 25to 35 45 34
5.6 1 and less
Less than4 | More than 8 6..8
4..5 8..3
111 35to 45 5.6 3.1
6..7 1 and less
v 45t0 65 | Not regulated | Not regulated | 6...10

The main parameters of the hydraulic mixtures flows cha-
racterize their physical and mechanical properties and the con-
ditions of the steady flow in the pump. The main physical and
mechanical properties of hydro-mixtures include: solid content
(volume S or mass 5}); specific gravity y, kN/m3; pseudo visco-
sity u, N-s/m?2 (for dispersed or finely dispersed mixtures) [15].

In terms of the predominant content of solid particles
of a certain particle size class, the following main types of
hydro-mixtures can be identified:

— colloidal (atypical) — with a particle size of up to 1 pum;

— structural (hydrosols) — particle size 1-50 pm;

— fine — particle size 50—150 wm, obtained in the proces-
ses of sedimentation and grinding;

— coarse dispersion — particle size from 100 um to 2 mm,
obtained in the processes of sedimentation and grinding;

— heterogeneous coarse dispersions — particle size greater
than 1.5-2 mm;

— polydisperse — particles of various sizes obtained in
the processes of sludge accumulation, dispersion, crushing
or crushing.

In ferrous and non-ferrous metallurgy concentrators, mix-
tures with a predominant content of particle classes typical of
fine and coarse-disperse systems are most often found [15].

Surfaces are destroyed by continuous impacts transpor-
ted by a stream of particulate matter to the surface of the
component. At the moment of impact, the deformation of the
material in the flow of the part is transformed.

Countless collisions of the solids transported by the flow
with the surface of the part, even if they cause only elastic
deformations of the material, also lead to the eventual de-
struction of the surface due to fatigue phenomena of the
metal. The liquid medium has a de-strengthening effect, thus
accelerating the process of fatigue failure [15].

As the pump wears out, mechanical losses also increase.
As a result of increased leakage, the flow regime in the area
between the machine wheel and the housing changes, which
can cause a significant increase in disc friction losses. In
addition, the inevitable unevenness of wheel wear can cause
imbalance, which in turn leads to the destruction of bearings,
one-sided wear of the shaft and causes intense vibrations that
reduce the mechanical efficiency of the pump [16].

It is established that after processing of about 100 thou-
sand m? of hydromixture by the pump, its head and supply
decreased by 50 % on average, while the specific power con-
sumption per 1 m? of transported abrasive material increased
by more than 2 times (Fig. 2—4) [17].

50
y = 2E-07x* 2E-05x3 + 0.0027x? + 0.0283x +
40 0.1875 /
- R2=0.9994 /
£ 30
2 /
- /
0

0 10 20 30 40 50 60 70 80 90 100 110
¥, thous. m?
Fig. 2. Dependence of specific power consumption
on the volume of abrasive material processed
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Fig. 3. Dependence of pump flow rate on the volume
of processed abrasive material



As the volume of V, the abrasive material processed, and
therefore the wear of the ground pump parts increases, the
pressure H, the flow Q is sharply reduced. The analysis of the
given dependences shows that the duration of the ground
pump overhaul period should be determined by the loss of
mass due to wear and tear. But also on the decrease of the
basic indicators of pump operation (H, Q) (Fig. 4) [18].
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Fig. 4. Dependence of pump head on the volume
of processed abrasive material

As a result of modeling the process of pumping units
operation, using multifactor experiment and computer pro-
grams Excel planning and processing of experimental data,
the equations of regression allowing to determine:

— specific power consumption from the volume of pro-
cessed abrasive material, y=2E-07x'-2E-05x>+0.0027x>+
+0.0283x+0.1875, R?=0.9994;

— pump feed rate from the volume of abrasive material pro-
cessed, y=—0.0002x>-0.0051x%-0.4655x+602.21, R*=0.9993;

— pump head from the volume of abrasive material pro-
cessed, y=—1E-05x>+0.0005x%-0.001x+43.97, R>=0.9982.

Regression equations of pump units operation processes
are shown in Fig. 2—4, which allows to make corresponding
calculations. Hydroabrasive wear of the ground pump im-
peller and other parts of the pump is the main reason for the
reduction of the service life of the pump itself and the entire
hydraulic transport system. The development of hydroabra-
sive wear of the impeller surfaces is accompanied by a change
in the vibration spectrum at the main support units of the
pumping unit. Excess oscillations of the pump casing are
transferred to the support units, which can support signifi-
cant alternating dynamic loads, leading to their destruction.

If the actual Q4 flow and Hy4 pressure of the pump unit,
as defined at operating point A, do not meet the specified
conditions, the operating mode of the installation changes:

1) Throttling by means of a regulator. When it is partial-
ly closed, the hydraulic losses in the pipeline increase by the
value h,. The required head of the pumping unit increases
(Fig. 5, a):

H’

pipes

:Hl’+KcQ2+h():HF+K:Q27 (2)

where K/ — network resistance coefficient with additional
throttling. The working point will move to the point B. The
pump supply will be reduced.

The method is simple in execution, but accompanied by
power losses:

N, =pgh,~=, (3)

2) By bypassing a part of the liquid (Q,.,) from the pres-
sure line to the suction (or tank) through the bypass line.

3) Changing the characteristics of the pump itself, e. g.
changing the pump shaft speed (Fig. 5, b).

Speed control can be achieved by using a DC motor, com-
bustion engine or turbines.

4) Changing the characteristics of the pump itself by
turning the impeller, i.e. reducing the output diameter
(D; < DQ). The geometric similarity of the wheels is broken,
the conversion formulas are semi-empirical:

g—&x~H_D2g.N_DZZ (4)
Q \p;) H \D)) N \D))’

where Q’, H’, N’ are pump parameters after turning.

H=#(Q)

H |

Hr

O, 0
0, .
Q.

b

Fig. 5. Changing the working point position:
a — throttling; b — speed change

In order not to cause an excessive reduction in efficiency,
the turning value should not exceed 7..20 % of the normal
wheel diameter. Greater turning (up to 20 %) is allowed at
n,=60; smaller at 7,=350.

5. Working out of actions of constructive character
on increasing the service life of the ground pump
and its parts

To increase the service life of ground pumps, it is proposed,
depending on the design of the pump, to produce impellers



in the composite form [19]. The impellers can be
manufactured in different ways:

— a wheel consisting of: two disks of the mas-
ter and slave and n-th number of blades (Fig. 6);

—a wheel consisting of two parts: a driving
disc with blades, made in the form of an open
impeller and a driven disc.

Parts are connected by means of screws 4 or
pins 5 (Fig. 6) with diameter d=0.3b, where b is
the average thickness of the impeller blade.

Thus, the production of the impeller as
a composite impeller makes it possible to process
the internal curvilinear impellers. And also to
cover them before assemblage with the special
covering protecting them from corrosion, cavi-
tation and hydroabrasive deterioration that is
difficult to carry out in the closed wheel. Resto-
ration of the protective coating and replacement
of worn-out parts will reduce the cost of pur-
chasing pump spare parts and extend the life of
the pump until overhaul.

Fig. 7 shows a modernized ground pump
containing a casing, a composite impeller and an
armoured disc, and a clear water flushing system
that flows directly into the gap between the ar-
moured disc and the impeller. The 1/2-diameter
armoured disc is equipped with a removable disc
made of wear-resistant material [20].

The armoured disc is a characteristic feature
of the Discs class. Parts in this class must be
manufactured to the required shape and dimen-
sional accuracy of the outer, inner and end faces
of rotation. The part under consideration is rigid
enough, has convenient base surfaces and does
not cause any technological difficulties in its
manufacture.

. wear-resistant caoting

b

Fig. 6. Pump impeller assembly: @ — pump impeller; b — variants of the assembly wheel

pEj

4
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B

Fig. 7. Slitting of the working part of the ground pump with increased wear
resistance: 1 — pump casing, 2 — impeller, 3 — shaft, 4 — support cup,

5 — armoured disc, 6 — pump mounting, 7 — removable disc, 8 — removable
disc mounting, 9 — inlet fitting, 10 — flexible hose, 11 — suction cavity,

12 — slotted cavity, 13 — volute outlet, 14 — armour plate, 15 — cuff

It is proposed to install a clear
water flushing system in the ground
pump, which flows directly into the
gap between the armoured personnel
carrier and the impeller. The 1/2-dia-
meter armoured disc is equipped
with a replaceable disc, the work-
ing surface of which is reinforced
with a wear-resistant material, which
makes it possible to restore it from
hydro-abrasive wear without replac-
ing the armoured disc (Fig. 8).

To prevent wear of wheel 2 and
armored disc 5, the latter is made
with a composite wear-resistant re-
placeable disc 7. Pure water is sup-
plied to the gap 12 through the fit-
ting 9 and the hose 10 under the
pressure of 0.1-0.2 MPa, exceeding
the pressure in the pump pressure
connection. The upper part of the
impeller is equipped with a sealing
collar 15.

On the inner surface of the case 1
there is a similar replaceable armour
plate 14, which is connected to the
case with the help of screws.
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Fig. 8. Assembly drawing of the proposed prefabricated armoured personnel carrier on the example
of a pump armored disc 8Gr-8T: 1 — main disc, 2 — replaceable disc, 3 — screw

Water is also supplied to the gap between the removable
armour plate 14 and the impeller. A cuff is installed in the
lower part of the replacement armoured personnel carrier.

The assembly drawing of the composite armored disk
on the example of the 8Gr-8T pump armored disk is shown
in Fig, 8.

Thus, the use of replaceable discs will allow you to quick-
ly restore worn parts, and the use of sealing sleeves and clear
water flushing systems allows you to significantly increase
the service life of working parts of the pump.

6. Development of an experimental stand
for ground pump testing

For the design and technological improvement of the
ground pump and its parts, a comprehensive study on the
wear resistance and maintainability has been carried out.
For this purpose, an experimental laboratory stand (Fig. 9)
was developed, consisting of ground pump 1, electric drive 2,
consumable tank 3, suction pipe 5, discharge pipe 4.

Fig. 9. Experimental laboratory stand for ground pump
testing: 1 — pump, 2 — electric drive, 3 — pressure tank,
4 — discharge line, 5 — suction line

Laboratory tests of the pump included pumping of the
hydraulic mixture through the ring pipeline and, after pass-
ing through the pump, the hydraulic mixture was returned to
the consumable tank 3.

As a result of the research of the laboratory sample of the
pump it is found out that, basically, the destruction of the
impeller is connected with the wear of the blades, leading
to the change of their configuration, as well as to their pos-
sible shortening.

When designing pumps, a number of features of their
work are considered. For reducing the abrasive action of par-
ticles, parts of pumps are made of wearproof materials, and
the thickness of walls of the case, disks, blades and other parts
is chosen taking into account deterioration.

The main requirement and reliability is the service life
of the ground pump. The main part of spare parts are impel-
lers — up to 50 %, armored discs account for 25 %, branches
and other parts 25 %.

In order to significantly reduce the wear and tear of hy-
draulic abrasive mixtures, it is proposed to apply fundamen-
tally new approaches:

1. Create a vibration effect on the transporting device.

2. Create a vibration impact directly on the transported
mixture.

Vibratory impact on the mixture causes a significant
decrease in the viscosity of the mixture, breaks the bonds
between the particles of the mixture and sharply reduces the
contact interaction of the mixture particles with the work-
ing bodies and bodies of transporting devices. As a result,
abrasive wear and tear of conveying devices is reduced and
the service life of pumps is increased accordingly.

The vibration parameters monitoring, regulated by the
industry and international standards, is based on the statisti-
cal data on slurry pumps failures at the mining and process-
ing plants. That is, in the process of operation, it is possible
to predict the residual life of pumping units, as a function of
water-abrasive wear of the impeller [21].

In addition to the vibrating effect on the conveyed mix-
ture, the vibrating effect of the pump mass caused by the



rotor unbalance should be reduced, resulting in intensive
wear and tear on the shaft bearings.

The first includes such means of protection as dynamic
balancing, antiphase synchronization, changing the nature of
disturbing influences, changing the structural elements of the
source of excitation, changing the frequency of vibrations,
etc. They are used, as a rule, at the stage of designing and
manufacturing of equipment [22].

Vibration isolation is carried out by means of introduc-
tion of additional elastic bonding into the vibrating system,
which prevents the transmission of vibrations from the
machine — the source of vibration — to the base or adjacent
elements of the structure. This elastic connection can also be
used to weaken the transmission of vibrations from the base
to the person, or to the protected unit.

Vibration isolation is achieved by installing the units on
special elastic devices (supports) with low rigidity.

The effectiveness of vibration isolation is evaluated by
the transfer coefficient, which has a physical meaning of the
ratio of force acting on the base in the presence of elastic
bonds to the force acting in the case of rigid bonds. The
smaller the ratio, the better the vibration isolation. Good
vibration isolation is achieved with KP=1/8-1/15 [6].

The transfer coefficient can be calculated using the formula:

1
2
K
Jo
where f is the frequency of disturbing force; fj is the natural
frequency of the system on vibration isolators. The optimal
ratio between f and fj is 3...4.

For vibration isolation of machines with vertical pertur-
bation force, 3 types of vibration isolating supports are used:
rubber, spring and combined.

Installation of machines on spring shock absorbers is more
effective than on rubber shock absorbers, as it provides lower
natural frequencies of vibrating mechanism vibration [22].

The disadvantage of rubber shock absorbers is that they
do not last long, as they become stiffer over time and after 5.
They must be replaced after 7 years. In addition, they can-
not be used to obtain very low intrinsic system frequencies,
which are necessary for slow-moving units, due to the inev-
itable overload of gaskets, which significantly reduce their
service life [22].

When designing parts of ground pumps it is necessary
to accept the thickness of a rubber layer not less than

12—15 mm. Fig. 10 shows the dependence of the rubber layer
wear rate on its thickness.

KP= , 5)

0.12

0.08

"
Wear rate, sm /h
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0 5 10 15 20 25 30
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Fig. 10. Dependence of rubber layer wear rate
on thickness

Weakening the vibration level:
AL =20lg—— (6)
=k

where the KP is the transmission factor.

With the operation of the ground pump, in the hydraulic
transport system, with the given kinematic characteristics
of the pumped pulp, the spectrum of vibration parameters
changes. The amplitude of vibrations in radial and axial
directions gradually increases. Each moment of time, the
ground pump working process, corresponds to its own values
of vibration characteristics, i. e.

T=kV" 7

where kg is the proportionality coefficient, V is the root-
mean-square value of the vibration velocity, mm/s.

The energy required to move a unit of liquid weight from
the receiving tank to the pressure tank, or the required head
of the pumping unit:

Hpipes:hr+u+zhn:Hr+KcQ2' (8)
(rg)

The vibration of the pumping units increases significant-
ly with the increase of hydro-abrasive wear, with the maxi-
mum vibration movements taking place on the support bear-
ings in the frequency range of 8—12 Hz. The development of
vibration processes is directly related to the loss of weight
of the ground pump impeller due to water-abrasive wear.

For measuring the received vibration, the measuring
stand presented in Fig. 11 is developed, including the system
of gauges, measuring means.

Fig. 11. Installation measuring system:
1 — electric motor, 2 — pump, 3 — vibrometer

Measuring instruments:

— Vibrometer VIP-UHL 4.2;

— working range of parts 10—100 Hz;

— measuring range:

a) Actual vibration velocity values of 01-100 mm/sec;

b) Vibration range — 01—1,000 microns;

— limits of measuring ranges:

a) vibration resistance 1, 3, 10, 30, ...100 mm/sec;

b) vibration displacement 10, 30, 100, 300, 1,000 microns;

— relative transverse conversion factor of the transducer
does not exceed 10 %;



— basic relative error of vibration measurement under
normal conditions is not used to:

a) 25 % when measuring the vibration range of 10-20 Hz;

b) 15 % when measuring the vibration velocity in the
private range of 20—1,000 Hz;

— normal operating conditions:

a) ambient temperature is 20 plus, -5 °C;

b) relative humidity — 65+ 15 %;

¢) atmospheric pressure — 100£4 kpa;

— scales electronic with accuracy to 5 g;

— a caliper with a measurement limit from 0 to 500 mm
with an accuracy of 0,05 mm.

The centrifugal ground pump was tested on a hydro-mix-
ture with 45 % of solid particles within 72 hours.

The entire pump design is evaluated for vibrations when
the transducer (e. g. vibration displacement, vibration velo-
city or acceleration transducer) is placed at a specific point
in the pump or on the mechanical part of the measuring stand
that is mechanically connected to the pump parts.

The accumulated data is analyzed to find one or more
parameters that are used to characterize vibration. These
data can be used to determine the quality of the pump and
its condition. The measurement process can be represented
schematically as shown in Fig. 11.

The measured vibration parameter is the mean square
value of the vibration velocity. The vibration signal can be
presented as a vibration displacement, vibration velocity and
vibration acceleration, as shown in Fig. 12.
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Fig. 12. Vibration signals:
a — Vibratory movement; b — Vibration velocity;
¢ — Vibroacceleration

With the operation of the ground pump 7, the vibration,
vibration velocity and vibration displacement of the pump

and its casing are increased. Amplitude spectra of vibrations
have a maximum in the frequency band from 6 to 9 Hz.
Energy saturation in the frequency band of 1 to 25 Hz is
equal to 18.62, and in the area of 6—-9 Hz energy is 50 % of the
energy saturation of all frequencies. Dependence of vibration
amplitude on pump operation time is shown in Fig. 13. The
type of curves corresponds to the function (6).

The results of vibration measurement on one of the
ground pump operation modes are shown in Fig. 13, where
the dotted line shows the test results after 72 hours of ope-
ration.

Thus, implementation of diagnostics of the technical
condition of pump units by vibrodiagnostics method allows
to increase reliability and efficiency of ground pumps. Mea-
surement and analysis of vibration signals can be used in the
automated system of monitoring and control of technological
processes (ASMC TP) of hydraulic transport systems, i. e. as
part of the automated system the tasks of vibration diagnos-
tics are solved.
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Fig. 13. Pump housing displacement velocities spectrograms:
a — on the x-axis, b — on the y-axis, ¢ — on the z-axis,
at the beginning of the test, ----- at the end
of the test

The vibrodiagnostics method allows to estimate the
general technical condition by the average square value of
the vibroscopic velocity. If necessary, an in-depth analysis of
the technical condition of the equipment is carried out. To
determine the reasons of vibration growth, i. e. to establish
and eliminate defects (malfunctions) of pumping units, to
increase the reliability of pumping units.

An important element of ground pump wear is cavitation
wear [23]. Experimental studies of cavitation erosion have



shown that the streamlined surface within the cavitation
zone is destroyed unevenly. The most significant surface
areas are subject to wear and tear located at the end of the
cavitation zone, where cavitation bubbles are destroyed at
higher external pressure (Fig. 14).
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Fig. 14. Erosion distribution within the cavitation
zone N — number of sinks per 1 cm?

Measures to combat cavitation are reduced, first of all, to
the elimination of the causes, i. e. to the creation of favorable
conditions for the flow of liquid into the pump, as well as the
reduction of vacuum gauge suction lift [21]:

1) correct choice of the static suction lift when working
with cold liquid and the height of the support for hot liquid;

2) reduction of head losses on the suction line (by re-
ducing the length and increasing the diameter of the pipes);

3) elimination of leaks in the suction pipes.

A more effective way to prevent cavitation is to increase
the pressure in the flow area before entering the impeller by
introducing water jets from the pressure pipe into the suction
pipe. At the same time, the energy of the jet is transferred to
the water flow at the inlet into the wheel, which leads to an
increase in pressure in the considered section [25].

An effective measure to improve the cavitation properties
of the pump is the installation of a first stage axial wheel or
auger in front of the impeller.

The pre-installed wheel or screw creates additional sup-
port at the inlet to the impeller, providing its cavitation-free
operation [25].

Analysis of used materials and wear-resistant coatings of
wearing parts. The choice of materials for pump parts is based
on a number of positions, some of which are in conflict with
each other. For example, the mechanical properties of the
material must ensure the strength of the part not only under
normal operating conditions, but also under special operating
conditions. Alloys K28N2(11), ICChN-2, ICChMoM2N,
ICCh2MoT, ICCh15MT, ICCh16MoM, ICCh28N2 have
proved to be wear-resistant materials for manufacturing
parts of ground pumps. The water-abrasive wear resistance
of these alloys is 10—15 times higher than that of grey cast
iron. The main disadvantage of wear-resistant cast irons is
their brittleness.

At present, the most widespread in practice is wear-re-
sistant cast iron ICCh28N2. The disadvantage of ICCh28N2
cast iron is its high hardness after annealing due to the pre-
sence of residual austenite in the cast iron structure. High
hardness of annealed cast iron ICCh28N2 creates difficulties

in machining. One of the advantages of the ICCh28N2 alloy
in comparison with other wear-resistant alloys is better cor-
rosion resistance due to its high chromium content.

ICCh16MT differs favorably from ICCh28N2 cast iron
by its relatively low hardness in the annealed state and
uniform fine distribution of structural components in the
finally heat-treated state. Burned cast iron ICCh16MT has
hardness HB 280-340 that provides its easier workability.
The content of 0.5-1.0 % of titanium in ICCh16MT cast
iron contributes to microstructure grinding, which ensures
high wear resistance and satisfactory mechanical properties
of the samples [25].

Table 2 presents comparative characteristics of wear-re-
sistant alloys for manufacturing parts of centrifugal pumps
operating under abrasion conditions.

Table 2
Characteristics of wear-resistant alloys
Alloy grade Hardness, W.ea.r resistance Processability
HRC | coefficient of steel 25 factor
300Ch12M5 59-62 7.0 1.0
300Ch12M3Mo | 61-62 8.5 -
300Ch12Mo 28-33 3.3 4.5
300Ch16MoT 60-61 10.0 4
300Ch28N2 47-55 7.3 1.0
ICCh28N2 35-50 5.0 2.0
250Ch25T 53-60 7.0 1.0

The ICCh28N2 alloy, which is widely used in pumping, is
hard to machine on metal-cutting machines. It can be ground
only with low cutting speed (8—10 m/min), and it is impos-
sible to cut threads on parts made of this alloy and chisel key
grooves at all.

At the request of VNIIINedra, the impellers were tested
cast of M13Ch2F steel. The service life of these impellers
was 3 times longer in relation to the impellers cast from 55F
steel [25].

Two grades of medium carbon low-alloy steels are recom-
mended for industrial testing:

— chromium-manganese chromium-nickel (40ChMNF);

— chromium-nickel-tungsten-vanadium (35ChN1TVF).

7. Discussion of the results of ground pump research

The obtained results of the ground pump research are
based on the real methods of solutions, both theoretical and
experimental.

A distinctive feature of the proposed methods is the im-
provement of design and technological parameters of pump-
ing units operation for transportation of pulp containing
media in their originality and uniqueness.

The proposed development of ground pump parts, name-
ly the impeller and armour wheel, to increase the service
life of the pumping unit is obvious and requires industrial
application. These design developments were claimed and
inventions were received (Fig. 7, 8) [19, 20].

The pilot test resulted in positive results of the ground
pump performance evaluation. Regression equations of pump
units operation processes are presented in Fig. 2—4, which
allows to make corresponding calculations.



The design decisions were made at the level of inven-
tion issued by the RSE «National Institute of Intellectual
Property» of the Ministry of Justice of the Republic of
Kazakhstan.

The limitations of this study are the high percentage of
waterjet media transported, which limits the service life
of pumping units, which is the subject of further research.

Promising directions of further research can be the deve-
lopment of 3D technology for manufacturing the main parts
of ground pumps: snail, impeller, armored disk, housing, with
pre-determined requirements of high wear resistance. Also
it is necessary to carry out research on physical influence on
a transported material and the pump unit by elastic, wave
influences.

The process of operation of a centrifugal ground pump for
the transportation of hydroabrasive mixture in the enrich-
ment plant was studied.

Kazakhstan extracts a large amount of ore materials that
are processed in order to extract valuable metals from them.
In the process of processing rocks, the latter, in accordance
with the technological process, are transported by centrifu-
gal ground pumps. Thousands of ground pumps are used in
the production process, their service life is very low, so the
research of the operation of the centrifugal ground pump in
order to increase its service life is an actual problem of mining
and construction production.

The solution of the technological and structural task to
increase the service life of the centrifugal ground pump, de-
velopment of a new design of ground pumps with increased
service life will allow to increase the production capacity,
reduce overhaul cycles and the number of spare parts.

The research is a continuation of scientific research works
of the «Standardization, certification and technology of
mechanical engineering» faculty and, now, is a theme of the
doctoral dissertation of the faculty applicant.

8. Conclusions

1. The analysis of the processes of water-abrasive wear and
cavitation erosion of the working parts of ground pumps, the
reasons for their appearance, the nature of wear and methods
of their prevention, as a change in the modes of their operation,
and design solutions is made. On the basis of the analysis of
wear of parts of the ground pump flowing part, the advanced
designs of the prefabricated armored disk with a replaceable
disk, and the compound impeller with the improved indicators
of wear resistance and maintainability are developed, allowing
to increase their service life, to reduce expenses on purchase of
spare parts, to reduce the repair period. The influence of the
ground pump parts wear on its operating parameters is deter-
mined, the dependence of the pump head and flow rate on the
volume of the pumped hydroabrosion mixture is established.

2. The influence of the hydraulic mixture characteristics
and flow parameters on the ground pump wear has been es-
tablished, analytical and experimental dependences of wear
of the pump working parts — armour wheel and impeller — on
the hydraulic mixture density and solid particles particle size
have been found.

3. The main directions for increasing the service life of
wearing parts, the choice of high-strength steel and wear-re-
sistant coatings are defined. It also improves pump design
and assesses the effect of physical fields on the transported
material and pump unit. A laboratory experimental unit for
laboratory tests has been developed: modes of operation of the
pumping unit; the service life of the pumping unit in the con-
ditions of water-abrasive wear of the ground pump have been
determined. The basis for monitoring vibration parameters
regulated by industry and international standards is statis-
tical data on ground pump failures at mining and processing
plants, which allows to predict the residual life of pumping
units as a function of water-abrasive wear of the impeller.
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