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Abstract. The article addresses the urgent problem of increasing the reliability and efficiency of
constant-fill safety-start fluid couplings in the drives of underground scraper chain conveyors. An
analysis of the use of various types of operating fluids is conducted in terms of ensuring fire safety and
optimizing key operational characteristics. The study aims to establish regularities between the
mechanical characteristics of fluid couplings and the concentration and properties of operating
fluids—specifically, water-oil emulsions of the HFA-E type. The research was carried out through
bench testing of a serial GPE345U fluid coupling at various fill volumes and concentrations of
Solcenic PI Plus emulsol. It has been experimentally proven that increasing the emulsol concentration
in the operating fluid significantly improves mechanical characteristics during transient operating
modes of the fluid coupling, while minimizing heat generation and excessive energy losses. The
scientific novelty lies in identifying the deviations in the behavior of water-oil emulsions from the
laws of classic Newtonian fluids within the flow passage of fluid couplings. The practical value of the
results consists in justifying the feasibility of using a 10% HFA-E type emulsion as the operating fluid
of a fluid coupling to significantly improve efficiency and durability indicators.

Keywords: hydrodynamic drive, constant-fill fluid coupling, mine scraper chain conveyor,
mechanical characteristic, oil-in-water emulsion, HFA-E, operating fluid, concentration.

Introduction.

Hydrodynamic power transmissions have become widely used in the drives of belt and
scraper mine conveyors [1]. During operation, the fluid coupling is a critical component that
ensures their reliable performance.

In scraper conveyor drives (Fig. 1) with a power rating of 30-250 kW, it is technically
viable to use constant-fill safety-start fluid couplings (closed-loop system), which provide the
following functions:

— facilitated starting of conveyor electric motors under no-load and loaded conditions;

— maximum utilization of the electric motor's traction characteristics to start the
conveyor in a loaded state;

— protection of the drive and the conveyor traction element against overloads by limiting
the torque;

— load equalization between drives in multi-drive conveyors.
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Fig. 1 Kinematic diagram of a scraper conveyor equipped with fluid couplings in the drives:
1 —electric motor; 2 — connecting coupling; 3 — fluid coupling; 4 — gear reducer; 5 — drive shaft;
6 — sprockets; 7 — drag chains; 8 — scrapers.

This type of fluid coupling features a relatively simple design, with only an internal
operating fluid circulation loop and air cooling. In drives with a power output exceeding 250
kW, there arises a need for additional cooling of the operating fluid. This is achieved either
by introducing an external circulation loop or by using fluid couplings with auxiliary
chambers that increase the volume of the operating fluid, expand the cooling surface, and can
provide a smoother, slower start. Both approaches lead to a more complex design and reduce
the viability of using fluid couplings. In high-power drives, competing technical solutions are
more frequently utilized, such as controlled drives with electromagnetic brakes [2], two-speed
electric motors with flexible couplings, thyristor soft starters, variable frequency drives [3],
and others [4].

Thus, along with their advantages and beneficial functions, fluid couplings also possess a
number of fundamental drawbacks, such as high heat generation and energy losses, and
therefore require improvement.

Literature Review.

The conducted analysis identified the following directions for improving the performance
of hydrodynamic transmissions:

Increasing energy capacity.

This is aimed at reducing the mass and dimensions of the hydrodynamic transmission and
the drive as a whole, which intends to lower equipment costs, reduce installation expenses,
and expand the feasibility of using compact drives when mining thin coal seams. This can be
achieved through:

Using high-density operating fluids (p). The torque that a hydrodynamic drive can
transmit has a direct linear dependence on p [5, 15]. This follows from the formula for
determining torque derived from the general similarity theory of turbomachines:

M=7vp-D5~o)2, (@D
where A is the torque coefficient, which accounts for the shape of the fluid coupling's flow
passage and the viscosity of the operating fluid; p is the density; D is the active diameter (in
the case of fluid couplings, the outer blades diameter); w is the rotational speed.

Optimizing the viscosity-temperature parameters of operating fluids. This reduces friction
losses during the circulation of the operating fluid during operation, increases transmission
efficiency, lowers heat generation, and consequently enables the use of more compact
transmissions for a given power and rotational speed.

Enhancing the heat dissipation capability and heat capacity of the fluid. This is aimed at
maintaining operation within a specified temperature range (without overheating) due to the
properties of the operating fluid, the design and materials of the main components, and the
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presence of a cooling circuit.
Optimizing the geometry of the flow passage. This includes reducing the thickness of the
impeller blades and the surface roughness of the flow passage.

Increasing reliability.

This is aimed at improving the operational performance indicators of both the fluid
coupling itself and the drive as a whole, while maintaining all functional properties. This can
be achieved through:

Reducing thermal stress during operation by means of the operations [5, 15].

Using operating fluids with high anti-corrosion and anti-friction properties to prevent the
failure of transmission components.

Simplifying the design of hydrodynamic systems and reducing the mass and dimensions
of rotating parts to lower dynamic loads.

Using operating fluids with a high boiling point and low saturated vapor pressure, which
is crucially important for closed-circuit fluid couplings to prevent additional loads on the
housing. Concurrently, preference should be given to fluids with a high flash point, and in the
conditions of underground coal mines — to non-flammable, non-toxic, and environmentally
safe fluids.

Reducing energy consumption in steady-state and transient conditions

It is technically expedient to bring the transmission efficiency as close to 100% as
possible in steady-state (nominal) operating modes that do not require impeller slippage.
Generally, these modes account for about 90% of the drive operation time. Therefore,
increasing efficiency by even 1-3% vyields significant energy savings, reduces the thermal
load on all transmission elements, and enhances drive reliability.

However, the hydrodynamic method of torque transmission requires operating fluid
circulation, which is only possible when slip occurs S>0. This means that using purely
hydrodynamic methods, we can only approach an efficiency of 100%. Currently, the best-
performing fluid couplings achieve an efficiency of 97-98% in nominal mode (with a
nominal slip of S =2...3%).

The efficiency of a fluid coupling can be increased by optimizing its design (the shape of
the flow passage, the number and tilt angle of the blades, etc.), by altering the parameters of
the operating fluid, or by a combination of both methods.

As an example, transitioning from the use of 1-20A industrial oil to a water-oil emulsion
(3% oil, 97% water) as the operating fluid increases the nominal efficiency from 96.1% to
97.7% without modifying the design of the 1GPE400U fluid coupling [2]. Given the nominal
power of 55 kW transmitted by this fluid coupling, power losses under nominal load in this
specific case decreased from 2.12 kW to 1.25 kW, while the heat flux causing the coupling to
heat up was reduced by 40%.

A transmission efficiency of 100% can be achieved by mechanically locking the
impellers during operation [6, 7]. This possibility derives from the friction torque component
Meric in the torque equation for a fluid coupling:

M = Mup + Mrric + Mp — Mw 2)

where M is the total torque transmitted by the fluid coupling; Mup is the hydrodynamic
component (torque transmission via the energy of operating fluid flows); Mrric is the torque
transmitted by friction in bearings and seals, via internal fluid friction, or through locking
elements (for couplings featuring a lockup system); Mp is the dynamic component during
non-steady-state (transient) conditions due to the acceleration of the fluid coupling's driven
rotating masses and the operating fluid (equals O under steady-state conditions without
acceleration); Mw is the windage torque caused by the friction between the housing and the
surrounding medium (air).

In practice, implementing a mechanical lockup requires a more complex fluid coupling
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design and the integration of a control system. In most cases, this is impractical in terms of
reliability, ease of maintenance, and manufacturing cost. Furthermore, during lockup, the
fluid coupling loses several beneficial functions, such as protection against static and dynamic
overloads, and load balancing between drives in multi-drive conveyors. Consequently, the use
of impeller lockups in fluid coupling drives requires a cautious approach.

Locking the impellers or reducing slip can also be achieved by controlling the viscosity
of the operating fluid—specifically, by transitioning from the "fluid coupling™ mode (low
viscosity, high circulation) to the "viscous coupling” mode (high viscosity, low or no
circulation). The latter method remains under-researched but holds promise for the
development and efficiency enhancement of hydrodynamic drives.

During transient operating modes (drive startup, overload operation), when slip can reach
values from 5 to 100%, a large amount of energy is lost, converting into heat that warms up
the operating fluid and the fluid coupling itself. Although such modes account for only about
10% of the drive operation time, their behavior significantly affects the operational reliability
of both the fluid coupling itself and the drive as a whole.

Most scraper conveyor failures occur precisely during startup (especially when buried
under coal), static overload, and dynamic overload during flight bar chain jamming. As a
result, the temperature of the fluid coupling operating fluid rises, and under critical load and
long duration, the thermal protection of the fluid coupling trips. According to data [2], in
scraper conveyors equipped with fluid coupling drives, thermal protection tripping accounts
for 14% of failures and 7.55% of downtime.

Recent studies on the failure distribution among main components during the operation of
the TR-7A conveyor [8] are shown in Fig. 2.
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Fig. 2 Failure distribution for main components during the operation of the TR-7A conveyor.

The nature of the conveyor failure distribution indicates that fluid couplings account for
approximately 10% of failures and 11% of time spent on restoration and repairs. Indirectly,
the operation of the fluid coupling also influences the reliability of all listed components,
including electrical equipment. Due to the cushioned motor startup, the cables and the
electromagnetic starter experience high startup currents for a shorter duration, thanks to the
starting and safety properties of the fluid coupling. That is, the correct operation of the fluid
coupling can significantly increase the reliability of all conveyor components and reduce
repair costs, both in terms of material and time.

Therefore, it is important to optimize the starting, acceleration, and static characteristics
of fluid couplings. On one hand, this reduces wasted energy; on the other hand, it increases
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the reliability and operational efficiency of the fluid coupling, electric motor, drive, and the
machine (conveyor) as a whole. In the drive of a mine scraper conveyor, the joint operation of
the fluid coupling and the induction motor must be considered. Figure 3 shows the
superposition of their mechanical characteristics. The slip S is plotted along the abscissa axis
(x-axis), and the torque M transmitted by the fluid coupling and the motor is plotted along the
ordinate axis (y-axis).
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Fig. 3 Mechanical characteristics of the electric motor, fluid coupling, and their joint operation
in the scraper conveyor drive.

Under a static load of an operating drive, the torque transmitted by the drive is
determined by the fluid coupling, while the electric motor operates on the stable part of its
mechanical characteristic, thereby being protected from overloads. This occurs due to the
absence of a rigid connection between the driving shaft of the electric motor and the driven
shaft of the gearbox — the fluid coupling separates the electric motor and the output part of the
drive via a hydrodynamic method of torque transmission.

As the load increases, the slip S of the fluid coupling increases from the nominal value up
to 100%, at which point the output shaft is braked (stalled condition). In this case, the electric
motor operates under overload, but there is no stalling (drop-off) into the unstable part of its
mechanical characteristic. Under these conditions, the motor's traction capabilities are fully
utilized: the torque reaches values of 2...3 Mn (Mn is the nominal torque), and the current
reaches values of 3...4 In (In is the nominal current).

At the moment of the drive startup, due to the slip S decreasing from 100% to the
nominal value, the fluid coupling allows the motor to accelerate rapidly (up to 1 s) and pass
the unstable part of the mechanical characteristic, where the currents reach 5.5...8.5 In. This
provides protection for the electric motor during the starting mode.

To ensure protection of the electric motor and the drive against overloads on one hand,
and to maximize the utilization of the motor's traction capabilities on the other, the
mechanical characteristics of fluid couplings in scraper conveyor drives must meet the
following requirements:

— The fluid coupling slip at nominal load, Sn , must be as low as possible and should
not exceed 3%, which ensures minimum efficiency n > 97%:

SN <3 %; 3)
— The maximum torque values that the fluid coupling can transmit must range from 0.85

to 0.95 of the maximum torque Mmax mort that the electric motor can develop on the stable
part of its mechanical characteristic:

Mst, M1, M2 =0,85...0,95 Mmax.morT; (4)
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— The starting torque of the fluid coupling, Mst, must be equal to or higher than the
maximum torques M1 and M of the fluid coupling's static characteristic. This is a necessary
condition for damping self-excited oscillations during chain jamming, which was
experimentally proven by A.V. Leusenko [2]:

Mst > M1, My; (5)

— To ensure the required rigidity of the stable section of the mechanical characteristic of
the fluid coupling, the minimum values of the maximum torque Mz and the torque Mioy at a
slip S = 10% are standardized as follows:

M1 >2 Mn; (6)
Miow > 1,7 Mn; (7)

— To ensure uniform and efficient drive acceleration and to prevent long-term operation
of the fluid coupling with high slip values during overload, the minimum torque Mmin (the
torque "dip™) should be absent or is standardized by the following expression:

Mmin > 2 My; (8)

— To protect the drive and the conveyor's flight bar chain assembly from dynamic loads
(for example, during chain jamming), the maximum dynamic torque \(M_{dyn.c}\)
transmitted by the fluid coupling during emergency stalling of its driven part must not exceed
3.5 M within a braking time of t = 0.5 s [3]:

Mbpyn < 3.5 Mn. 9

Summarizing all the considered aspects, three main directions for regulating and
improving the characteristics of fluid couplings can be distinguished:

— Changes in the design and geometry of the flow passage;

— Selection of the optimal fluid coupling filling volume;

— Optimization of the operating fluid parameters.

The first direction (design-based) can be applied at the stages of development,
manufacturing, and bench testing. This direction has been foundational for fundamental
research ever since the inventor of hydrodynamic transmissions, Prof. Fottinger. Currently,
the largest amount of research in this field is conducted by Voith (Germany). The general
optimization of the modern design of safety-starting fluid couplings for mine scraper
conveyors produced in Ukraine by the "Svitlo Shakhtarya” plant was carried out in the 1980s
and 1990s, based on research from the Skochinsky Institute of Mining and the works of
engineers from their own research laboratory: A.V. Leusenko, V.K. Gavrilenko, and V.Y.
Kapshtyk. The general dependencies of mechanical characteristics on the number of blades,
flow passage parameters, and other design variables are provided in [9].

The second direction (filling volume optimization) is used during the testing and fine-
tuning phases to match the characteristics to specific operating conditions once the design and
operating fluid type have been finalized. As a rule, safety-starting fluid couplings are filled
with operating fluid to 65...90% of the total internal cavity volume. Higher filling values
correspond to higher values of transmitted torque M and power N. The optimal filling
volume, which maximizes the traction, safety, and starting capabilities of the fluid coupling,
is approximately 88% of the internal cavity volume. By reducing the filling volume, the
torque can be regulated from Mmax down to 0,6Mwmax. This method of selecting the optimal
filling volume is used as an auxiliary tool during the final phase of pre-operational testing.

In our research, we examined the third path — optimizing the composition of the
operating fluid, as it can improve the performance efficiency of both newly designed
equipment and machinery already in operation. Design changes always require significant
material costs, which are much higher than the cost of replacing the operating fluid. Practical
experience with safety-starting fluid couplings has revealed that operating fluids significantly
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affect both the mechanical characteristics of the couplings and their operational reliability. In
our opinion, insufficient attention has been paid to this issue in previous studies. Therefore, it
is crucial to establish the dependencies that will aid in selecting the optimal characteristics of
the operating fluid.

We will examine the key requirements for operating fluids used in fluid couplings of coal
mine conveyor drives.

Modern coal mine safety regulations [10, 11] require the use of fire-resistant fluids
only. This requirement is due to the periodic discharge of overheated operating fluid when the
thermal protection of fluid couplings is tripped. The tripping temperature of the protection
system in modern fluid couplings ranges between +120...+150 °C, which is determined by the
thermal stability of seal and bearing materials, as well as the allowable casing temperatures
of +165...+170 °C upon contact with coal dust [12]. To prevent fires and explosions in
Ukrainian mines, the use of mineral oils as operating fluids in hydraulic drives was
discontinued in the 1970s. They were replaced by HFA-type oil-in-water emulsions consisting
of water and emulsol in concentrations up to 20% (oil in water), which are completely non-
flammable fluids (classified according to ISO 12922:2020 [13]). The transition to HFA-type
fluids provided many advantages regarding their application in fluid couplings, but it also
introduced certain technical difficulties compared to mineral oils. Below, we examine the
criteria by comparing these two types of operating fluids.

HFA-type emulsions must contain a package of anti-friction and anti-corrosion
additives to compensate for the aggressive properties of water toward metal parts and
friction pairs. For the same purpose, in fluid couplings operating with emulsions, the bearings
are lubricated with grease instead of the operating fluid and are equipped with additional
seals. That is, bearing units in fluid couplings using mineral oils as operating fluids have a
somewhat simpler design than those operating with HFA emulsions. The fluid couplings
manufactured by the "Svitlo Shakhtarya™ plant, which were used in this study, are adapted for
operation with water emulsions; they feature two levels of protection (against overheating and
overpressure) and are equipped with bearing units isolated from the operating fluid.

When selecting an operating fluid, it is necessary to ensure compatibility with seal
materials (elastomers).

Operating fluids must have low viscosity to reduce internal friction losses and
increase hydrodynamic efficiency during fluid coupling operation in the steady-state mode. In
terms of this parameter, HFA-type emulsions have a major advantage over oils because they
possess significantly lower viscosity and show less dependence of viscosity on temperature. It
is worth noting that choosing the optimal viscosity of the operating fluid is a critical issue. As
a result of our research, we obtained findings indicating more complex dependencies than
those considered in classical sources (see below in the text).

In order to increase energy capacity, preference is given to fluids with higher density.
HFA emulsions have a density 15...20% higher than mineral oils, which provides a
corresponding gain in the torque and power that the fluid coupling can transmit.

During the operation of hydrodynamic transmissions in starting modes and during
overloads under steady-state modes, a significant amount of heat is generated, which goes
toward heating the operating fluid. To ensure the proper operation of the drive in these modes
(without overheating), the operating fluid must effectively store thermal energy and dissipate
it to the environment. It is most expedient to use fluids with a higher specific heat capacity
(the ability to heat up less with the same amount of supplied heat) and a higher thermal
conductivity coefficient (the ability to transfer heat within the fluid). HFA emulsions are
twice as effective as oils in terms of specific heat capacity, and 4...5 times more effective in
terms of heat transfer [14].

Operating fluids must comply with environmental and sanitary standards and have
the lowest possible cost. Since HFA-type emulsions consist of more than 80% water, they
have an advantage in these indicators not only over mineral oils but also over water-glycols
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(HFC) and synthetic operating fluids (HFD), which can also be used in fluid couplings.
Table 1 presents a comparison of the performance indicators of various types of operating
fluids for fluid couplings [5, 14, 15].

Table 1. Characteristics of operating fluids for fluid couplings

Parameter / fluid type | Mineral HFA (oil in HFB (water HFC HFD'U.
(1SO 6743-4) oils water) in oil) (water- | (synthetic
glycol) fluid)
~ 05 35...45

Water content, % — (80 min) 40...60 (18-20 for —
HFC-E)

Fire resistance flam- non-

(minimum ignition +650 +600 +400

mable flammable

temperature), °C

Compliance with

Section 3.1.1 of the i + i + i

7th Luxembourg

Report [11]

Fire resistance class

according to Section

3.1.3 of the 7th H A E B-C G-H

Luxembourg Report

[11]

Lubricating capacity +++ + + ++ +++

Kinematic viscosity

at +60 °C, cSt 6...18 0,5...3 18...25 10...25 14...25

Density, kg/dm? 0,99...1 for

0,85...0 HFA-E,
9 ...1.15 for 0,92...1,05 |1,07...1,14 | 0,91...0,93
HFA-S

Spec_lflc heat_ capacity 1 23 18 18 0.7

relative to mineral oil

Ther_mal conductmt_y 1 4 5 25 0.9

relative to mineral oil

Relative cost 1 0,5 0,5 3 6

As can be seen from the table, only HFA and HFC-type fluids fully comply with fire
safety regulations. One of the leading manufacturers of hydrodynamic transmissions, "Voith
Turbo" (Germany), recommends HFD-U class fluid as fire-resistant, considering it one of the
primary  options alongside HFA fluids [5, 16]. In essence, HFD-U fluid is a synthetic
substitute for mineral oil [17] and can be used as a fire-resistant fluid in industrial gearboxes
of mining equipment and in metallurgy. However, for fluid couplings operating in mines
hazardous due to gas and coal dust, which are typical for Ukraine, the use of HFD-U fluid is
impossible due to its non-compliance with safety regulations.

Based on an aggregate assessment of all factors, it is evident that HFA-type emulsions
are the most expedient choice for hydrodynamic couplings under coal mine conditions. In the
mines of Ukraine and Eastern European countries, the most widespread practice is the use of
emulsions based on the Solcenic Pl Plus concentrate (manufactured by FUCHS Petrolub SE,
Germany). The data were obtained from surveys of technical departments at mines in the
Donets Coal Basin (Donbas) and from open internet sources (tender procurement, Prozorro)
for the period from 2009 to 2025. In our research, we selected this operating fluid as the
primary subject for analysis.
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Research Methodology.

In the vast majority of studies focusing on the performance characteristics of fluid
couplings, homogeneous liquids—such as mineral and synthetic oils, water, and even
vegetable oils, which are considered an environmentally friendly alternative to petroleum-
based oils [18]—have been used as operating fluids. However, the operating fluids currently
used in the fluid couplings of coal mine scraper conveyor drives are emulsions, i.e., two-
component liquids. Therefore, establishing relationships between fluid coupling
characteristics and the composition and properties of HFA-type operating fluids represents an
urgent contemporary problem addressed in this study.

In this work, a pilot study was conducted to trace the dependence of the torque
transmitted by the fluid coupling on the concentration of the water emulsion. Water emulsions
of the HFA-E type based on Solcenic Pl Plus concentrate (a mineral oil-based concentrate)
were investigated. The concentration recommended by the manufacturer has changed over
time. In the 2000s and 2010s, it was recommended to use a 0.5-2% emulsion; currently,
Fuchs Lubricants Ukraine recommends using a 1.3-5% emulsion [19]. Practical experience
demonstrates that saving on concentration compromises the operational reliability of mine
hydraulics, and it is recommended to increase the concentration up to 5% [20]. In 2009, a
survey of mechanical engineers at SE Sverdlovantratsit (Luhansk Oblast) revealed that
increasing the emulsion concentration from 1.5% to 10% led to a 3.5-fold increase in the
service life of fluid coupling seals. Consequently, it was decided to test the fluid couplings
using operating fluids with the following volumetric content of concentrate in water: 1.5, 3, 5,
and 10%.

The tests were performed on a GPE345U safety-start constant-filling fluid coupling using
an STG110M test bench at the "Svitlo Shakhtarya™ plant. The GPE345U fluid coupling has
the following main technical specifications:

— Active diameter D = 345 mmM;

— Internal cavity volume V = 6.26 dm? (l),

— Weight without motor half-coupling and flexible insert m = 32 kg;

— Total weight (including motor half-coupling and flexible insert) M = 46.5 kg;

— Rated power N, = 22...30 kW at a motor rotational speed n1 = 1480 rpm.

The design and operating principle of safety-start fluid couplings manufactured by the
"Svitlo Shakhtarya" plant are discussed in detail in [2]. The installation layout of the
GPE345U fluid coupling in conveyor drives and other machinery is shown in Fig. 4.
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Fig. 4. Installation diagram of a fluid coupling in machine drives.

The mechanical characteristics were recorded at two different operating fluid fillings:
— 4.9 dm? (1), which constitutes 78% of the internal cavity volume and is used for
operation with electric motors rated at N, = 22 kW,
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— 5.3 dm? (1), which constitutes 85% of the internal cavity volume and is used for
operation with electric motors rated at N, = 30 KW.

Figures 5, 6, and 7 show the test bench for fluid couplings. The technical capabilities of
the test bench allow for testing fluid couplings and electric motors with power ratings ranging
from 11 to 500 kW. On the test bench, fluid coupling 4 is installed identically to its
operational layout in machine drives (Fig. 4). The STG110M test bench measures the torque
M and power N transmitted by the fluid coupling, as well as the rotational speeds of the
driving part n; and the driven part n2 (the pump and turbine impellers). The rotational speeds
are measured by tachometers 10, which are mounted on the rear end of electric motor 1
(driving part) and on the shaft of mechanical brake 7 (driven part). Torque is measured using
torque transducer shaft 5. One side of this shaft connects to the driven part of the fluid
coupling, while the other side connects to transfer gearbox 6, which distributes the torque
between brakes 7 and 8. The fluid coupling receives rotation from electric motor 1, which is
mounted on support 2. Brakes apply the load while recording mechanical characteristics.
Powder electromagnetic brakes 8 generate the load when recording static and start-up
characteristics, as well as when determining slip S at fixed loads. Mechanical drum brake 7
applies emergency loads to simulate conveyor chain jamming within a braking time of t < 0.5
s [3]. Bench control (starting, setting the load level), speed monitoring, and load control are
managed via control panel 9.

v/

Fig. 5. Schematic diagram of the STG110M test bench for fluid coupling testing: 1 — electric
motor, 2 — electric motor support (base); 3 — motor half-coupling (connecting coupling); 4 — fluid
coupling under test; 5 — torque transducer shaft; 6 — transfer gearbox; 7 — mechanical drum
brake; 8 — powder electromagnetic brakes; 9 — control panel; 10 — tachometers.

Rotational speeds are measured by two optical sensors (tachometers), which ensure a
high response speed with an accuracy of + 1 rpm. Their signals are sent to a computer to be
recorded while capturing static, start-up (acceleration), locked-rotor (starting), and dynamic
characteristics. They are also sent to the control panel to visualize rotational speeds under
steady loads.

The torque measurement accuracy is at least £ 5 N-m. The torque transducer shaft
transmits the signal to the computer for recording via Bluetooth wireless technology.
Compared to the previously used contact-based data transmission via brushes, wireless
technology reduces noise by an order of magnitude and improves measurement accuracy.
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Fig. 7. Mounting location of fluid couplings for testing on the STG110M test bench.

Load monitoring and visualization during the tests are performed using a wattmeter
installed in the control panel. The wattmeter measures the active electrical power Na
consumed by the electric motor with an accuracy of = 0.5 kW. When creating the required
mechanical load level, the value of the active electrical power was determined based on the
electric motor efficiency using the formula:

NAzNM/Tl, (10)

where Na is the active electrical power indicated by the wattmeter; Nm is the mechanical
power developed by the electric motor; 7 is the electric motor efficiency.

During the tests, the following characteristics were recorded:

a) Start-up (acceleration) characteristics. The torque M, as well as the rotational
speeds of the driving part n1 and the driven part n,, were recorded from the moment of start-
up until the driven part reached its maximum speed under a specified load. The load was
defined by the idle resistance torque of the powder brake with no voltage applied to it. The
resistance torque in this case was 100...120 N-m, which accounted for approximately 80% of
the nominal load at 22 kW and 60% at 30 kW.

b) Static characteristics. The driven part of the fluid coupling was gradually loaded
from a minimum torque of 0,6...0,8 Mn up to the locked-shaft state, where the speed of the
driven shaft n = 0 (slip S = 100 %), while recording the rotational speeds and torque. The
nominal rotational speed of the driving shaft was n1 = 1495 rpm. To eliminate the influence of
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the inertia of rotating masses on the torque readings, the load was increased smoothly,
ensuring a braking time of 15...20 s. To construct the torque M versus slip S characteristic
curve, the speed readings n: and nz were converted using formula (11):

5=27%% 10006 = 172 1000, (11)

O, n,

where o1 is the angular velocity of the fluid coupling driving part, rad/s; o 2 is the angular
velocity of the fluid coupling driven part, rad/s; n1 is the rotational speed of the driving part,
rpm; nzis the rotational speed of the driven part, rpm.

c) Locked-rotor (starting) characteristics. The test was performed by starting the
system with a completely locked (braked) driven shaft while recording the starting (stall)
torque Mst — simulating the start-up of a conveyor drive under a coal blockage.

d) Dynamic characteristics. From the nominal rotational speed of the driven shaft,
emergency braking was applied to bring it to a complete stop within 0.5 s, while recording the
torque and rotational speeds. The maximum torque value is standardized and represents the
dynamic torque Mpyn, which is used in structural strength calculations for drive components,
the traction element, and conveyor housing parts.

e) Measurement of slip Sn at nominal load. The required load level was set using the
powder brake: My = 142.5 N-m at Nn = 22 kW and Mn = 194 N'm at Ny = 30 kW. The
speeds n1 and n2 were recorded. Slip Sy was calculated using formula (11). Oscillograms were
recorded for all filling levels and concentrations. For static loading, they were converted into
static characteristics, the general view and symbols of which are shown in Fig. 8.

M, N'm M - torque

| ;MMAX

Mm'?-;
th\ o
i i 100% [
1 — 4 \f’/

\_Mmm
M,
RN SRS SN (S (S . S SRR e Ep— . |
S?\'
0 ‘

100 90 30 70 60 50 40 30 20 10 0 S %

Fig. 8. Parameters of static characteristics and accepted notation.

Accepted notation in tables and figures:
Sn — nominal slip,
Mn — nominal torque,
Muios — torque at S = 10 % slip,
Mwmax — maximum torque on the stable part of the mechanical (static) characteristic curve,
Mwmin — minimum torque on the unstable part of the mechanical (static) characteristic curve,
Maioo% — torque at S = 100 % slip (with the driven part locked),
Tst — run-up (acceleration) time of the driven part after switching on the electric motor,
Mst — starting torque at S = 100 % slip (starting with a locked driven shaft),
Mpyn — maximum torque during emergency braking within 0.5 s.
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Results.

For comparison, Fig. 9 shows the acceleration characteristics and static load at the same
fluid filling of 5.3 dm? under different emulsol concentrations: 1.5% (Fig. 9a) and 10%
(Fig.9b).
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Fig. 9. Start-up characteristics and static loading of the fluid coupling GPE345U with a 5.3 dm?
(D) fluid fill at different emulsol concentrations: a — 1.5%; b — 10%:
1 —speed curve of the driving part n; (electric motor); 2 — speed curve of the driven part n, (gear
reducer); 3 —torque curve M.

A lower emulsol concentration (Fig. 8a) corresponds to lower torque values. There is a
noticeably large "dip” on the unstable part of the mechanical characteristic, along with a
prolonged, inefficient run-up featuring a large torque drop and excessive fluid coupling
operation time at high slip values (S). This can lead to increased heating of the operating fluid
and the inability to start the conveyor under a coal overload. In contrast, at a 10%
concentration (Fig. 8b), the start-up and static load curves exhibit no large drops or "dips™ and
meet the performance requirements for scraper conveyors.

A similar pattern is observed for both fluid fills (4.9 and 5.3 dm®) — as the concentration
increases, the characteristics gradually approach more acceptable levels. For convenience of
result analysis, all obtained data were plotted as overlaid static characteristics (Figs. 10, 11)
and summarized in reference Tables 2 and 3.
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Fig. 10. Static characteristics of the fluid coupling GPE345U with a 4.9 dm? (1) fluid fill at
different emulsol concentrations: 1 — torque curve at 1.5% concentration; 2 — torque curve at
3% concentration; 3 — torque curve at 5% concentration; 4 —torque curve at 10%
concentration.

M, N'm
500 |
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Fig. 11. Static characteristics of the fluid coupling GPE345U with a 5.3 dm? (1) fluid fill at
different emulsol concentrations: 1 — torque curve at 1.5% concentration; 2 — torque curve at
3% concentration; 3 — torque curve at 5% concentration; 4 — torque curve at 10%
concentration.

In Tables 2 and 3, parameters that do not meet the performance requirements for
scraper conveyor drives are highlighted in red. It is evident that operating fluid couplings with
emulsions of 1.5...3% concentration fails to satisfy several criteria—see formulas (6), (7), and
(8). Therefore, fluid coupling operation can be recommended with emulsions containing a
Solcenic PL PLUS emulsol concentration of 5...10%.

The greatest deviations in the mechanical characteristics at low emulsol concentrations
are associated with the occurrence of a "dip" on the unstable part of the mechanical
characteristic at a slip of 10...40%. This is a negative phenomenon that leads to inefficient
performance during transient modes—drive startup (especially under a coal overload) and
operation with overloads.
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Table 2. Mechanical characteristics of the fluid coupling GPE345U.
Operating fluid: Solcenic PL PLUS water emulsion at concentrations of 1.5, 3, 5, and 10%.
Fluid coupling fill volume: 4.9 dm? (I). Nominal load: Ny = 22 KW, My = 142.5 N-m.

ASIHP @

Concen- | Sn, % | Mioos, Mmax, Mwmin, M09 , Tst, Msr, Mbpvn,
tration N-m N-m N-m N-m S N-m N-m
15% 29 310 310 200 430 17 385 490
(2,18Mn) | (2,18Mn) | (1,4Mn) | (3,02My) (2,7Mn) | (3,44My)

30 99 250 315 215 425 16 385 498
~1(1,75My) | (2,21M0) | (1,51My) | (2,98My) (2,7Mn) | (3,5My)

50 29 370 380 305 440 11 396 500

' (2,6Mn) | (2,67MN) | (2,14Mn) | (3,09MNn) (2,78Mn) | (3,5My)

10% 3.0 370 395 357 400 11 390 470
(2,6My) | (2,77My) | (2,51My) | (2,81Mn) (2,74Mn) | (3,3My)

Table 3. Mechanical characteristics of the fluid coupling GPE345U.
Operating fluid: Solcenic PL PLUS water emulsion at concentrations of 1.5, 3, 5, and 10%.
Fluid coupling fill volume: 5.3 dm? (I). Nominal load: Ny = 30 kW, My = 194 N-m.

Concen- |Sn, % | Mg, Mmax, Mwmin, Mi00% , Tsr, Ms, Mbpvn,
tration N-m N-m N-m N-m S N-m N-m
360 360 280 465 445 538
0,
L% 1 31 | @semy) | (1.86My) | (144My) | @4My) | 120 | @20my) | 277My)
3% 07 415 415 347 455 1 435 510
0 1 (2,14My) | (2,14M0) | (1,79M0) | (2,35My) (2,24My) | (2,63Mn)
S ”g 410 425 370 455 105 435 528
0 © 1 (2,11My) | (2,19My) | (1,91My) | (2,35My) ® | (2,24My) | (2,72My)
0% 07 425 455 415 465 o5 450 528
0 1 (2,19My) | (2,35My) | (2,14My) | (2,4My) ~ [ (2,32My) | (2,72My)

The shape of the "dip” and the minimum torque Mmin clearly depend on the emulsol
concentration. At the same time, the highest quality mechanical characteristics, featuring
small drops in torque M at a slip S = 10...100 %, were observed at high concentrations (curves
3 and 4). Run-up efficiency is indicated by the parameter Tst (Start-up time to nominal
speed). Increasing the emulsion concentration from 1.5% to 10% reduces the start-up time by
25...35%. As noted previously, the startup was performed under a load of 0.6...0.8 Mn. Under
real operating conditions with a nominal load, and even more so when starting a conveyor
under overload, the start-up time, excess energy losses, and fluid coupling overheating will
differ significantly across concentrations. This will crucially affect the conveyor's tractive
characteristics and drive reliability. The parameter Mmin serves as an indicator of the
conveyor's capability to start under an overload. As the emulsol concentration in the operating
fluid increases, it rises:

— with a 4.9 dm? fill volume and Nn = 22 kW from 1,4My to 2,5Mn

— with a 5.3 dm’ fill volume and Nn = 30 kW from 1,44Mn to 2,14Mn

Based on the obtained data, the relationships between the mechanical characteristics
and the operating fluid concentration have been plotted.

Fig. 12 shows that the torque values, especially during transient operating modes of the
fluid coupling, are a function of both emulsion concentration and viscosity. A rather
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unexpected result was that higher torque is achieved with emulsions of high concentration and
viscosity. In classical sources, lower viscosity values should correspond to higher torque
values due to lower internal friction losses. However, during our research, we obtained the
opposite result.

M, M,
N-m M1O% N-m M20%

500 | [ 500 /

400 1| /—“ 400 |

300 L 300 L
200 | 200 |
100 L 100 L
0 ' : } : 0 : } : :
1,5 3 5 10 15 3 5 10
Emulsol concentration, % Emulsol concentration, %
a b

Fig. 12. Dependence of the torque transmitted by the fluid coupling (5.3 dm? fluid fill) on the
emulsol concentration: a — at 10% slip; b — at 20%o slip.

This may be caused by several factors:

— easier discharge of the low-viscosity fluid into additional chambers, which are
designed into the fluid coupling to limit torque [2, p. 187], at lower emulsol concentrations;

— deviation of HFA-E type emulsion properties from the classical properties of
Newtonian fluids (according to [21], oil-in-water emulsions exhibit non-Newtonian properties
at oil concentrations of 5...80%);

— the Toms effect [22], which states that polymer substances added to water reduce fluid
friction against the walls, smooth out surface defects, and dampen turbulent pulsations in the
fluid flow. These facts require verification and further research to develop a more accurate
physical model of the processes occurring during fluid coupling operation with HFA-E type
operating fluids.

Conclusions.

An analysis of prior research into improving power drives for mine conveyors indicates
that the most promising and relevant approach to enhancing fluid coupling efficiency and
reliability is the use of HFA-E type water emulsions as an operating fluid. This area remains
insufficiently explored and requires a comprehensive set of studies aimed at investigating
fluid coupling characteristics depending on the percentage composition of water emulsions.

Based on the mechanical characteristics of the GPE345U fluid coupling obtained during
exploratory bench testing, it can be asserted that at an emulsion concentration of 10%, the
fluid coupling operates with maximum efficiency according to the following parameters:

— maximum utilization of the electric motor's traction characteristics due to a high torque
value Mmax on the operating section of the mechanical characteristic;

— smooth acceleration of the conveyor chain, without oscillations, including startup
under maximum load of the transported material;

— minimum heating of the operating fluid during startup due to the absence of a "dip" in
the mechanical characteristic, which ultimately increases the operational reliability of the
fluid coupling and reduces power consumption.
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These findings show that using Solcenic PL PLUS emulsion as the operating fluid
improves conveyor efficiency. Increasing the emulsol concentration from 1.5-5% (the
standard for hydraulic roof supports) to 10% significantly boosts scraper conveyor
performance and reliability.

Further research should focus on how viscosity, which depends on emulsol concentration,
affects torque and slip across operating modes. Additionally, developing physical models and
calculation methods for fluid coupling traction characteristics using HFA-E emulsions holds
both scientific and practical value.
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OBI'PYHTYBAHHA METOAY HIABUINEHHSA EOEKTUBHOCTI TA
HAJIMHOCTI I'TAPOMY®T IMPUBOJAIB IHAXTHUX KOHBEE€PIB I1PU
3ACTOCYBAHHI B IKOCTI POBOYOI PIJIMHU BOJJHUX EMY.JIbCII

C. B. Boponin?, B. B. IToaeraes?
! Vpaincokuii epoicasnuil ynisepcumenm 3aiisHuuH020 mpancnopny
2 Taspiticokutl depaicasnuii azpomexnonoivnul yrieepcumem imeni JImumpa Momoproz2o

Anomauin

CraTTi0O TNPUCBIYEHO aKTyalibHIA 1H)KEHEpHIH mpoOJeMi MiABUIICHHS HAJIMHOCTI Ta
eKCIUTyaTalliiHoT e(EeKTHBHOCTI 3aro0i’KHO-ITYCKOBUX TiAPOMY(DT 3 TOCTIHHAM 3allOBHEHHSM, SIKi
BUKOPHUCTOBYIOTbCS Y MPHUBOAAX IIAXTHUX CKPeOKOBUX KoHBeepiB. I[IpoBeneHo KOMILIEKCHUI
NOPIBHSUTBHUKA aHaji3 pi3HUX pOOOYMX pIIUH il 3a0e3ledeHHs BUMOI TMOXKEXKHOI Oe3leKku Ta
ONTHUMI3alil KIOYOBUX EKCIUTyaTallliHMX IapaMeTpiB B YMOBax IIAaxXT, HEOC3MEUHUX 3a Ia30M Ta
BYT'UJIbHUM MHIOM. [0JIOBHOIO METOIO IIbOTO JOCIiJKEHHS € BCTAHOBJICHHS 3aKOHOMIPHOCTEH MiXk
MEXaHIYHAMHU XapaKTEPUCTUKaMHU TiApoMy(T Ta BIACTUBOCTSAMH (KOHLCHTPALIEI0) BOJOMACIISTHHX
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emynbciit kimacy HFA-E.

ExcniepuMeHTalIbHI JTOCHIHKEHHS BHUKOHAHO Ha JIaOOPaTOPHOMY BHIPOOYBaJIbHOMY CTCHII 3
BUKOPHUCTaHHSM cepiliHoi riazpomydTu I'TIE345Y BupoOHunTBa 3aBoay «CBiTiO maxraps» (YkpaiHa).
Metonuka BunpoOyBaHb Nependavaia OLIHKY poOOOTH TigpoMy(Tw 1yis ABOX pi3HUX 00 €eMiB
3ammoBHeHHS piguHO0 (78% Ta 85% Bix moBHOTO 00’€My BHYTPIIIHBOT OPOKHWHU), IO BiJIMOBiIaE
po0OTi y TpHBOIAX 3 aCHHXPOHHHUMH EJNEeKTpOABUTYHamMH MOTyxHicTIo 22 kKBt Ta 30 xBT. Cxman
piavHM BapitoBaBCs 32 00’ €MHOI KOHICHTpaIliero emynbcony Solcenic Pl Plus (Bupoouurirea FUCHS
Petrolub SE, Himeuunna) — 1,5%, 3%, 5% ta 10%.

ExcneprMenTanbHi JaHi OKa3aiy, Mo 301IBIIEHAS KOHIIEHTPAIlii eMyJIbCOTy CyTTEBO MOKPAIIIYE
MEXaHiYHI XapaKTEPUCTHKH IiJl Yac KPUTHYHUX Ta MEPEXiIHUX PEKUMIB POOOTH, TAaKUX SIK 3aIyCK
KOHBEEpa Ta PEXKHUMIB TEepeBaHTaKEHHA. BU3Ha4ueHO, 10 BHINA KOHIEHTpALis €MYJIbCONy YyCyBae
MagiHAS («IPOBA») KPYTHOTO MOMEHTY B IHX PEXHUMax POOOTH, IO MPU3BOAWTH M0 MiHIMIi3arlil
HarpiBaHHS piAMHM Ta MapHUX BTpaT CHEPrii, THM CaMHUM 3HIDKYIOYH DPH3HK CIPalbOBYBaHHS
terioBoro 3axucry. KinbkicHo, mepexix Bim 1,5% mo 10% koHIEHTpaIii eMydabCii MiJBUILYE
MepPeBaHTAXYBaIbHY 3MaTHICTH mpuBoaa 3 1,4...1,5My mo 2,1...2,5My, 10 BiANOBiga€ BUMOTaM IS
MIPUBOIIB 3a0iHHUX CKPEOKOBIX KOHBEEDPIB.

HaykoBa HOBM3HAa OTPHMAaHUX PE3yNBTATiB IMOJSATAE Y BHSABICHHI PEOJIOTIYHUX BIIXWUJICHB BiJ
KJIACMYHUX 3aKOHIB HBIOTOHIBCHKHX PiIMH y TIOBEMIHIII BOIOMACIISIHIX €MYNbCIA B TIPOTOYHIHM YacTHHI
rigpomydtr. [lpakTrdHa MIHHICTH Pe3yAbTATIB MONATAE B TEXHIYHOMY OOTPYHTYBaHHI BUKOPHCTAHHS
10%-i emynbcii Tumy HFA-E sk ontumansHOi poOouoi piauHu. BrpoBamkeHHs Takoi KOHLEHTpaii
pPiAMHU eKOHOMIYHO JoUijbHEe Ta 3abe3leuye CyTTEBE MiJBUINEHHS eHEeproe(eKTUBHOCTI U
JIOBTOBIYHOCTI SIK camMoi TigpomMydTH, Tak 1 BCi€l NMPUBOAHOI CHUCTEMH IIAXTHOTO CKPEOKOBOTO
KOHBE€Epa.

KarwuoBi cjaoBa: rizpoanHamiuHUiA TpPUBIA, TiIpoMy(Ta MOCTIHHOTO 3aMOBHEHHS, HIAXTHUN
CKpEeNepHUil JaHIIOTOBUA KOHBEEp, MEXaHidyHa XapaKTEepHCTHKa, MacioBogHa emynbcis, HFA-E,
poOoua pignHa, KOHIICHTPAIIis.
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