Machinery & Energetics Journal homepage:

Vol. 15, No. 4. 2024 https://technicalscience.com.ua/en

UDC 681.515:614.894.4
Doi: 10.31548/machinery/4.2024.34

Dmytro Slavinskyi

PhD in Technical Sciences, Assistant
Dnipro University of Technology
49005, 19 Dmytro Yavornytskyi Ave., Dnipro, Ukraine
https://orcid.org/0000-0002-7540-2077

Tamara Bilko®

PhD in Biological Sciences, Associate Professor
National University of Life and Environmental Sciences of Ukraine
03041, 15 Heroiv Oborony Str., Kyiv, Ukraine
https://orcid.org/0000-0003-3164-3298

Yurii Cheberyachko

Doctor of Technical Sciences, Professor
Dnipro University of Technology
49005, 19 Dmytro Yavornytskyi Ave., Dnipro, Ukraine
https://orcid.org/0000-0001-7307-1553

Sergij Vambol

Doctor of Technical Sciences, Professor
National Technical University Kharkiv Polytechnic Institute
62002, 2, Kyrpychova Str., Kharkiv., Ukraine
https://orcid.org/0000-0002-8376-9020

Olena Yavorska

Doctor of Technical Sciences, Professor
Dnipro University of Technology
49005, 19 Dmytro Yavornytskyi Ave., Dnipro., Ukraine
https://orcid.org/0000-0001-5516-5310

Research of the influence of filter element resistance
on the powered air-purifying respirator service life

Abstract. The purpose of the research was to determine the influence of the increasing resistance of filter elements
on the service life of powered air-purifying respirators during operation in mining conditions and to substantiate the
parameters of the respirator power source. The research was conducted by the computer-based simulation methods for
the powered air-purifying respirator operation, which allows estimating the additional resistance of the filter caused
by dust accumulation. The simulation model of the powered air-purifying respirator was developed on the basis of its
physical model and, taking into account the empirical dependence of the change in the filter element resistance during
dust deposition, allows determining the flow of air through the filter and the dust aerosol concentration in the working
area air. The following parameters of the simulation model of a powered air-purifying respirator were substantiated:
controlling action - fan rotating speed, restrictions on air flow and air pressure in the respirator mask (depending on the
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mode of working arrangements of the user), concentration of dust in the air of the working area, capacity of the power
source, power consumption of the electric motor of the fan and control system components, parameters of filter elements
(fibre packing density, filter layer thickness, fibre diameter, etc.), input concentration of dust aerosol, which made it
possible to establish the relationship between the value of the filter element resistance and the time to complete discharge
of the power source. A critical value of the resistance of the filter elements of the powered air-purifying respirator was
established, which results in a significant discharge of the power source, based on the different flow rate of the air supplied
to the undermask space at a given dust concentration in the working area. Relationship between the change in breathing
resistance of the filters and the discharge of the power source was established, which allows determining the period of
safe operation of the powered air-purifying respirator, based on the concentration of dust in the working area air and the
user’s working arrangement. The practical value involves determining the lifespan of the powered air-purifying respirator,
based on the critical value of the filter resistance, which results in the rapid discharge of the power source

Keywords: controlling action; simulation model; control object; identification; research; air consumption; battery;

electricity; duration of operation

INTRODUCTION

The main function of powered respiratory protective devic-
es (hereinafter, powered air-purifying respirators or PAPR)
is to protect the user’s respiratory organs from inhalation
of hazardous aerosols or pathogenic microorganisms which
increase the risk of occupational diseases. The efficiency of
protection when using PAPR depends on comfort, degree
of protection and performance. All three parameters men-
tioned are largely influenced by the high consumption in
the air supply system and the air pressure in the under-
mask space of the respirator. In turn, the flow rate and air
pressure determine the time of the protective action or, in
other words, the service life of the PAPR, since the increase
in resistance on the filters, caused by the accumulation of
a dust layer on their surface, requires an increase in the
performance of the fan and results in increasing energy
consumption of the battery. It may be frightful to think
of a situation when in a remote polluted area, where the
necessary production tasks are performed, the battery sud-
denly discharges and the worker is left without protection.
In accordance with the physical load, it is necessary to sub-
stantiate the parameters, develop and research the opera-
tion of the PAPR control system. To eliminate the negative
impact on people during experimental research, it is neces-
sary to use a simulation model of the control system of the
PAPR to determine the dependence of the service life on
the increasing resistance of its filter elements when used in
mining conditions and to determine the parameters of the
power source — the battery.

The issue of the duration of the protective effect of
powered air-purifying respirators is an urgent research
topic in modern science. In particular, C. Forgez et
al. (2010) focused attention on the issues of rapid dis-
charge of the power source of this personal protective
equipment for respiratory organs. One of the factors is the
increase in filter resistance, as evidenced by the research
of K.T. Strickland et al. (2023). They found that with in-
creasing resistance, the load on the system increases,
which accelerates energy consumption. E.M. Villanueva &
R. Ahmad (2021) studied the effect of frequent changes in
the operating mode of the fan, which requires the rotation

frequency to be increased, which also affects the lifespan
of the battery.

In order to overcome these problems, scientists pro-
pose developing new algorithms for controlling the venti-
lation system. A.P. Collins et al. (2021) suggested improved
models which allow for smooth transitioning between op-
erating modes, taking into account efficient energy con-
sumption. This is becoming particularly important for pro-
longing the protective effect of respirators.

A. Licina et al. (2020) focused on modelling the oper-
ation modes of powered air-purifying respirators, in par-
ticular, to determine the duration of the protective action
under real operating conditions. However, as noted by
A. Kothakonda et al. (2021), maintenance of batteries when
stored is also an important factor. Without proper mainte-
nance, situations may arise when the level of protection of
the respirator does not meet the requirements.

Other researchers, including Z. Xu et al. (2020), saw a
solution in the development of algorithms for diagnosing
the state of the battery taking into account external factors
such as temperature and humidity. M. Bergman et al. (2019)
make suggestions for the use of respirators with a tighter
fit to the face so as to reduce air losses, which may contrib-
ute to increased service life of the device. M. Bergman et
al. (2014) emphasise that this solution requires additional
checks in production conditions to ensure proper tightness.

S.I. Cheberiachko et al. (2023) investigated battery
types which could provide maximum lifetime with min-
imum maintenance costs; however, they noted that the
selection of the optimal battery type depends on specific
operating conditions. X. Xia et al. (2023) drew attention to
the necessity to create simulation models which would al-
low accurate forecasting of energy consumption depending
on device operating modes.

As a result of the analysis of the available literary
sources, it was found that although the issue of the dura-
tion of the protective effect of powered air-purifying res-
pirators is being actively studied, there is still no single
agreed strategy to solve it. The purpose of the research is
to substantiate the parameters of the simulated model of
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the PAPR to determine the influence of the increase in the
filter element resistance on the service life of the power
source when used in mining conditions.

To achieve the set goal, the following tasks are to be
completed:

O to develop a simulated model of a powered air-puri-
fying respirator based on its physical model;

O to determine the critical value of the resistance of
the filter elements of the PAPR which results in a signifi-
cant discharge of the power source.

MATERIALS AND METHODS
The PAPR simulation model was developed using the ac-
tive experimentation method (Edirisooriya & Haas, 2023),
which solved the problem of determining the structure
and parameters of the mathematical model of the re-
search object in the form of a transfer function equation.
For this, a number of one-factor experiments were per-
formed which evaluated the impact on the research object
of both individual factors (change in fan rotating speed,
change in filter resistance, etc.) and their interaction.
Planning and processing of the results obtained during

Operations

Table 1. Operating procedure, operation and indication sequence in different operating modes of the unit

the research were performed using formal methods of
mathematical statistics.

To develop a structural diagram of a powered air-pu-
rifying respirator as an object of control and to determine
the parameters of the PAPR structural elements, the main
relationships were established of its constituent elements
(Fig. 1), which are different in nature, namely, pneumat-
ic ones (related to the air movement: filter, fan propeller,
flexible tube with connected mask, inhalation/exhalation
valves) and electrical ones (speed controller and fan motor).

To determine the structure, parameters and algorithm
of operation of the air pressure regulator for the control
system of the powered air-purifying respirator, a heuristic
method was applied, which was based mainly on the erudi-
tion and intuition of the designer. Due to the determining
of the parameters of the powered air-purifying respirator
regulator, the task to increase the efficiency of its opera-
tion was solved on the basis of establishing the main rela-
tionships between the parameters.

The elements of the control and management system,
according to the main characteristics of the PAPR, based on
the algorithm of its work, are given in Table 1.

Performed actions and running commands

Switching on

When the S1 button is pressed, the power supply voltage is supplied to the microcontroller unit, which is
signalled by the HL1 LED.

At the same time, the power supply voltage is supplied to the fan from the microcontroller unit (MU). After

7-10 s (the time of setting the nominal air flow rate in the air duct), the signal from the tachometer f, is sent
to the MU, where it is compared with the reference frequency f, for the nominal flow rate, and if f >f,, the HL2
signal LED is turned on and a one-shot beep sounds; when f < f, (which may indicate the “triggering” of the
anti-aerosol filter), the HL3 signal LED is turned on and short beeps sound; if there is no air flow in the line
(f.=0), the LED HL4 and a continuous beep signal that.

The status of the battery is indicated using the HL5 signal LED, which flashes when the remaining battery
capacity is at least 25-30%; when the voltage on the battery stack drops to 2.8-3V, the fan turns off, and the
HL5 LED lights up continuously.

Increasing air flow

When the S3 button is pressed from the MU, an increased supply voltage is applied to the fan, which is
signalled by the HL6 LED.

Switching off

When the S2 button is pressed, the blower is turned off.

Anti-aerosol filter

activation alarm

When the anti-aerosol filter is activated during operation, its aerodynamic resistance increases, as a result of
which the air flow in the line decreases; if it is impossible to compensate for it due to the intensification of
the fan, the “Warning” signal is first activated (the HL3 signal LED flashes and beeps are emitted), and then,
with the filter layer resistance increasing, the “Emergency” signal is activated (the HL3 LED is turned on and
a continuous sound is emitted).

Battery discharge alarm

When the remaining capacity of the battery decreases to the level of 25-30%, light (HLX) and sound (HA)
intermittent “Warning” signals are activated.

The air supply does not stop. When the voltage on the battery stack drops to 2.8-3 V, a continuous sound
signal “Accident” is turned on, and after ~10 s the turbo block is turned off!

Source: developed by the authors

According to the PAPR operation algorithm, control of
its operation modes, namely: stabilisation of the amount
of normalised air flow supplied to the under-mask (un-
der-helmet) space, control and warning of the user with

light and sound signals about the “triggering” of the an-
ti-aerosol filter, as well as the autonomous power source
(lithium battery), was carried out using an electronic unit
whose structural diagram is presented in Figure 2.
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Figure 1. Schematic diagram of the PAPR for the forced purified air supply into the under-mask space

» «

Note: S1-S3 - “On”, “Off” and “Increased air flow” switches, respectively; HL1-HL6 — “On”, “Nominal air flow”, “Replace
the filter”, “No air flow”, “Increased air flow” and “Battery discharged” mode indicators, respectively; HA — sound alarm

of emergency modes of fan operation
Source: developed by the authors
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Figure 2. Schematic diagram of the electronic control
unit for PAPR operating modes
Note: 1 - flow driver, 2 — control unit, 3 - battery, 4 —
battery discharge controller, 5 — process controller unit, 6 —
alarm module, 7 — carbon monoxide level control module
Source: eveloped by the authors

The electronic unit consisted of the following main
structural elements:

0 a mode control unit, which enabled/disabled PAPR
and increased air flow mode;

O a unit for controlling the carbon monoxide content
in the air inhaled, which provided conversion and amplifi-
cation of the signal from a special electrochemical sensor
(CO module);

O air flow driver, which consisted of a fan and a tachom-
eter. The fan created the required air flow and was con-
trolled by a pulse width modulation (PWM) signal, and the
tachometer converted the fan turbine rotation frequency,
which is proportional to the volume flow rate, into electri-
cal pulses suitable for further measurement of the flow rate;

O the process controller unit processed the signals
coming from the control unit, CO module and tachometer
and, in accordance with the established algorithm, per-
formed PWM signalling to control the frequency of rota-
tion of the fan, as well as light and sound indication of var-
ious operating modes of the turbo unit;

O the alarm unit generated warning light and sound
signals according to the controller’s commands;

O the battery provided power supply to the compo-
nents of the turbo unit;

O the battery discharge controller was a combination
of a voltage indicator with element-by-element control
and a controlled electronic key, which made it possible to
organise the disconnection of the battery from the load
when any of its elements reaches the critical value of 3.2 V.
Implementation of the specified requirements when devel-
oping the electronic circuit of the PAPR operating mode
control unit is currently possible only with the use of an el-
ement base on microcontrollers, i.e. microprocessors with
built-in memory devices and other additional functions.

Considering the fact that formation of a gradually
growing layer of dust on the filter surface is a peculiarity
of the functioning of any individual respiratory protection
device, even during the PAPR operation, the increase in the
pressure drop across the filter due to the dust accumula-
tion results in an increasing air flow, which necessitated
the development/improvement of a simulation model
which would take into account this additional resistance to
the air flow. At the same time, the amount of dust depos-
ited on the filter was calculated according to the formula
(Baek et al., 2024):

Machinery & Energetics. Vol. 15, No. 4
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_20Qt
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where C is the total dust concentration, mg/m3; Q is air flow
rate through the filter, m%s; t is a time interval of respirator
operation, s; F, is the total area of the filter, m?.

The total resistance of the filter was determined based
on the equation (Tcharkhtchi et al., 2021):
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Aptotal = Apo +

where Ap, is the initial resistance of the clean filter, Pa; kp is
the proportionality factor which depends on the filtration
rate, m*/s; p, is the bulk density of dust particles, kg/m®; ¢
is the coefficient of uneven distribution of dust on material
fibres; F, is the total surface of filter fibres; L is the total
length of fibres in the filter, m™! (Tcharkhtchi et al., 2021):
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L=£1 3)
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Fp =221 )

where £ is fibre packing density; H is the filter layer thick-
ness, m; a is the mean radius of the fibres in the filter, m.

The required battery capacity was calculated according
to the formula (Basi¢ et al., 2023):

_ Pt

where C is the battery capacity, Ah; P is power consump-
tion, W; t is time, h; U is battery voltage, V.

Considering the importance of the effect of additional
resistance from dust accumulation on the powered air-pu-

Filter resistance, Pa

m0-100

0.00005

a) o

rifying respirator operation, it became necessary to calcu-
late the final filter resistance depending on the period of
PAPR application, which, in turn, resulted in a rapid deple-
tion of the power source charge.

For example, it was assumed that a work shift at coal
enterprises in underground workings lasts six hours, of
which the worker was in the dusty zone for about five hours
(an hour was arranged for preparing and completing work)
(Wu et al., 2020). That is, the active use of the respirator
was to be at least 5 hours. At the same time, the concen-
tration of dust in the air varied from 50 to 500 mg/m3; the
volume flow of air varied from 115 to 260 dm3/min.

Taking into account the fact that the area of the filter
membrane of one filter element was 0.005 m? (the diam-
eter of the FRPA P2 filter cartridge is 100 mm), the total
area of filtration for a respirator with two similar elements
was 0.01 m?. The filtering element, formed into concentric
curved folds (corrugations), was made of non-woven mate-
rial “Eleflen” (Scientific and Production Enterprise “Stand-
ard”, Ukraine), with a height of the filtering layer of 4-5 mm,
a packing density of 1.1, a fibre diameter of 2-3 pm (Bazal-
uk et al., 2021). The PAPR provided continuous air purifica-
tion during 1 working shift (up to 5 hours). The final total
pressure drop across the filter should not exceed 800 Pa.

RESULTS AND DISCUSSION
The results of calculating the change in filter resistance
from the time of PAPR operation according to the meth-
od given in the works by M.A. Boraey (2021) and T. Dzi-
ubak (2024) with different dust concentrations are present-
ed in Figure 3 — when using 1 filter and Figure 4 — when
using 2 filters.

2
b=y .
0
¥ 300450 2 & 3 o
= 150-300 § o <O
b) = O\ﬁ\

Figure 3. Dependence of the resistance of 1 filter on the operation time and dust concentration

Note: a) air flow rate 140 I/min, b) air flow rate 260 I/min
Source: developed by the authors
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Figure 4. Dependence of the resistance of 2 filters on the operation time and dust concentration

Note: a) air flow rate 140 I/min, b) air flow rate 260 I/min
Source: developed by the authors

This made it possible to plot the dependence of the
change in the additional resistance of the filter on the
accumulation of dust sediment at maximum air flow
and dust concentration relative to the time of oper-
ation when using one (Fig. 5, curve 1) and two filters
(Fig. 5, curve 2). From this, it was established that in the
most unfavourable operating conditions, namely, the

maximum dust concentration and the maximum air flow
required the total resistance to air movement at the
end of the work shift is 1006 Pa when using one filter,
exceeding the norm; when two filters are working, it is
equal to 736 Pa.lIf it is necessary to increase the service
life of the PAPR, it is essential to use filters with a larger
filtering surface.

800.00
700.00
[+
& 600.00 7
z 4 P
& 3 500.00 -
c© © / -
S g 400.00 A o
g5 / -
& £ 300.00 -
28 -
8 § 200.00 7~ -
o -—
100.00 .4/ 2 filters
—— 1 filter
0.00 | | T
0 3000 6000 9000 12000 15000 18000 21000
Time, s

Figure 5. Change in the added resistance of the respirator filter from the time of operation at a flow rate
of 260 1/min and a dust concentration of 500 mg/m? when using one (1) and two filters (2)

Source: developed by the authors

Taking into account the schematic scheme of the
electronic control unit, which demonstrates the rela-
tionships between various components of the PAPR
design, as well as the need to take into account the ad-
ditional increase in resistance on the filter surface due
to dust deposits according to equations (1) and (2), the
simulation model, which is presented in Figure 6, was

improved (Slavynskyi, 2023). The main parameters of
the simulation model included the controlling action -
fan rotating speed, restrictions on the maximum addi-
tional resistance of the respirator filter, concentration of
dust in the air of the working area, parameters of filter
elements (fibre packing density, filter layer thickness, fi-
bre diameter and others).
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Figure 6. A simulation model with the possibility of calculating
the additional resistance of the filter against the dust accumulation

Source: developed by the authors

The results (Fig. 7) of the simulated modelling of the
change in the additional resistance of the filter due to the
accumulation of the dust layer correspond to the calculat-
ed ones (Fig. 5), so the developed functions can be applied
in the further research. Verification of the operation of the

simulated model of the powered air-purifying respirator,
whose structural diagram is presented in Figure 8, under
different modes of air supply is shown in Figure 9 as well
as when adding the simulated signal “Breathing” (with the
scaling of the dust accumulation rate 1:100).

Fan speed. rpm

4000 ! . : I , ! . : I
3000 |- . Fanspe.ed,rpm e TR OO TP SR |
2000 S A -
‘]OOO_ .............................................................. -
0 | 1 1 1 1 | 1 1 1 |
0 02 04 06 08 1 12 1.4 16 1.8 2
x10*
1500 ; ; ; ; ; T T T T T
Additional resistance of the 1 filter, Pa : : : :
=== Additional resistance of the 2 filter, Pa :
1000 - Permissible resistance of the fitter, Pa
500 S SR | TR _. ....................................................... -
__..--""""- :
0 1 1 1 1 | 1 1 1 |
0 02 04 06 08 1 12 1.4 16 1.8 2
Time,s  y10*

Figure 7. The results of modelling the function of changing
the additional resistance of the filter from the dust accumulation
Source: developed by the authors
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Figure 8. The result of the simulation model operation when
the flow rate changes as a controlling action in different operating modes
Source: developed by the authors
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Figure 9. The result of the simulation model operation when adding a breathing signal
Source: developed by the authors

Slavinskyi et al.

As can be seen from Figure 9, the drawback of the pow-
ered air-purifying respirator operation is a drop in the air
pressure in the mask beyond the lower permissible lim-
it (below 50 Pa), caused by a change in the pressure drop
across the filters due to the lack of a sufficient and timely

compensation signal to increase the air supply. This re-
quires an appropriate research on the effect of the change
in the additional resistance of the filter due to the dust
accumulation on the process of supplying air to the mask,
which will ensure the necessary mode of PAPR operation.

Machinery & Energetics. Vol. 15, No. 4
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When operating the PAPR, an important characteristic
is the time of continuous operation from an autonomous
power source — the battery. To determine the time of con-
tinuous PAPR operation from an autonomous power source,

25

a research was previously conducted to determine the de-
pendence of the consumed electric power of the electronic
and electromechanical elements of the control system of the
powered air-purifying respirator on the fan speed (Fig. 10).
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Consumer power, W

\

//

—
0
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2000 3000 4000
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Figure 10. Dependence of power consumption on fan speed

Source: developed by the authors

The equation of the approximate dependence of the

consumed power on the fan speed is:
y=8.72E-11x3+1.50E-09x*+9.65E-05x.  (6)

Equation (6) being used for the simulation model
presented in Figure 9, the possibility of calculating elec-
tricity consumption during the operation of a powered

Fan speed. rpm

air-purifying respirator in the mode of step change of
the control signal - fan speed (2-5 levels) was added. The
following assumptions were made to conduct the experi-
ment: the levels of the speed change are switched evenly
on the time scale and in magnitude, the reverse switch-
ing of the levels is not allowed. The simulation results
are presented n Figure 11.
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Figure 11. Simulation modelling of electricity consumption during
of a powered air-purifying respirator operation in the mode of a step change in the fan speed

Source: developed by the authors

Machinery & Energetics. Vol. 15, No. 4

4



The results of simulation of electricity consumption
on a simulated model of a powered air-purifying respirator

14

Slavinskyi et al.

made it possible to obtain the dependence of electricity con-
sumption on the number of adjustment levels, Figure 12.
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Figure 12. Dependence of average electricity consumption on the number of adjustment levels

Source: developed by the authors

Thus, when increasing the fan speed adjustment lev-
els, for series compensation of the increase in additional
resistance on the filter surface, the power consumption is
reduced, which allows the use of a battery with a smaller
capacity. To ensure continuous operation of the powered
air-purifying respirator in autonomous mode at 2 levels of
fan speed for 5 hours, the required battery capacity with a
voltage of 7.4 V will be:

€ =22 =8.32 Ah or 8320 mAh.

In view of the standard nomenclature range of storage
batteries and taking into account the required reserve ca-
pacity at the level of 20%, a battery with a voltage of 7.4 V
and a capacity of 10000 mAh can be accepted for use. The
obtained curves for the power source as a whole were used
when setting the PAPR alarm when the permissible limit
level of battery discharge is reached.

As a result of the work performed, the relationship
between the change in the breathing resistance of the fil-
ters and the discharge of the power source was established,
which allows estimating the period of safe operation of the
powered air-purifying respirator, based on the concentra-
tion of dust in the air of the working area and the user’s
working arrangements.

Similar results were obtained in the work by
S. Wood (2020); however, when developing a simulation
model, the author described the operation of the respirator
through an analytical method, using the appropriate equa-
tions and formulas for individual components. At the same
time, the resulting model had several important assump-
tions and simplifications: the change in filter resistance
due to dust accumulation during respirator operation was
not considered.

The research by B. Shi et al. (2019) analysed the ge-
ometric characteristics of the filter, which can increase the

efficiency of dust particle capture. The effect of variable air
flow on the filter’s ability to retain dust over a long period
of use is also considered. The emphasis is placed on the
relationship between the area of the filter surface and its
ability to accumulate dust without reducing efficiency. In
addition, the work simulates the behaviour of the filter un-
der the influence of different levels of contamination in or-
der to optimize its operation in real operating conditions.

The work by N. Wagner (2012) was aimed at develop-
ing a mathematical model for regulating air supply to the
undermask space of a respirator based on the control of a
centrifugal fan in automatic mode. The authors reached a
number of important conclusions, which were later used
when developing a simulation model. In particular, the au-
thors established a relationship between the fan speed and
the air flow to the mask, but did not take into account the
change in the transmission coefficient in the system when
the rotation speed changes in the case when the user needs
more air. However, only the case of increased air flow fluc-
tuations in the system was considered when simulating an
increase in the depth (amplitude) of the user’s breathing,
and it was noted that the control system creates prerequi-
sites for delaying the air flow due to a sharp change in the
breathing mode when the physical load increases.

The current studies have shown that when using the
PAPR, there is a gradual increase in the resistance of the
filter elements due to the accumulation of a dust layer,
which affects the speed of rotation of the fan blades. As a
result, there was a need to develop a simulated model of a
powered air-purifying respirator, based on which there are
empirical dependencies between the change in filter resist-
ance, the amount of air, and the concentration of dust in
the working area air. This made it possible to estimate the
additional resistance of the filter due to the accumulation
of a dust sediment layer. At the same time, it was assumed
that the dust aerosol mostly accumulated on the surface of
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the filter and did not penetrate deep, creating an additional
auto-filtering layer of dust.

CONCLUSIONS

A simulated model of the powered air-purifying respirator
has been developed based on its physical model, with al-
lowance for the empirical dependence of the change in the
resistance of the filter elements during the accumulation
of dust sediment, which takes into account the flow of the
air through the filter and concentration of dust aerosol in
the air of the working area. The following parameters of
the simulated model of the powered air-purifying respi-
rator are substantiated: controlling action — fan rotating
speed, restrictions on air flow and air pressure in the respi-
rator mask (it depends on the working arrangements of the
user), concentration of dust in the working area air, capac-
ity of the power source, power consumption of the electric
motor of the fan and components of the control system,
filter element parameters (fibre packing density, filter layer
thickness, fibre diameter, etc.), input dust aerosol concen-
tration, which made it possible to establish the relation-
ship between the filter element resistance and the time to
complete discharge of the power source.

Simulation modelling of electricity consumption dur-
ing the operation of a powered air-purifying respirator in
the mode of a stepped variation in the fan rotating speed
made it possible to establish the dependence of the average
electricity consumption on the number of adjustment lev-
els, taking into account two filter elements, and to obtain
the equation of the approximate dependence of the con-

on the different flow rate of air supplied to the undermask
space at a given concentration of dust in the working area.
The dependence was determined of the electrical power
consumed by the powered air-purifying respirator on the
fan rotating speed, which was introduced to the simulation
model. According to the simulation results, it was estab-
lished that with increasing levels of fan rotating speed, the
average electrical power consumed decreases, which af-
fects the required battery capacity.

To ensure the continuous operation of a powered
air-purifying respirator in autonomous mode with two fil-
ters with a total filtering area of 0.01 m? and a resistance
of 500 Pa at an air flow rate of 140 dm3/min, with a dust
concentration of 0.002 kg/m> at 2 levels of fan rotating
speed for 5 hours, battery capacity with a voltage of 7.4 V
8320 mAh is required.

Further on, with the implementation of the air pressure
control system in the mask of the powered air-purifying
respirator, the average power consumption may decrease,
consequently, reducing the battery capacity requirements.
Considering the fact that the battery capacity determines
its weight and cost, this will also reduce the finished cost
of the device. The introduction of a powered air-purifying
respirator, as the main means of individual respiratory pro-
tection at mining enterprises, should, in the long term, im-
prove the health of workers who perform their professional
duties in conditions of excessive dust concentration in the
working area air.
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docnipkeHHAa BNNUBY onopy QiNbTpylounX eJieMeHTIB
Ha TepMiH eKcnnyaTauii MOTOpoBaHMX pecnipaTopiB

AHoTauiqa. MeTo goCTiaKeHHs 6y/10 BUSHAUEHHS BIUIMBY 3PDOCTaHHS OMOPY GiTbTPYIOUNX €JIeMEHTIB Ha TepPMiH
eKcIuTyaTalii MOTopoBaHMX (DiIbTPYBaIbHUX peCcIipaTopiB Mif yac eKcIuTyaTalii B ripHMUMX YMOBax Ta OOIPYHTYBaHHS
napaMeTpiB Jskepesa JXUBJIeHHSI pectipaTopa JocaigkeHHs TPOBOAMIOCS METOLO0M KOMII IOTEPHOrO iMiTalliiiHOTOo
MOJIe/IIOBaHHS POOOTM MOTOPOBAHOTO PECIipaTopa, 10 AO3BOJISIE 0OUMCIUTHU SOLATKOBUIL OMip (ibTpa uepe3 HaKOMMUEHHS
mty. IMiTariiiiHa Mo/iesTb MOTOPOBAHOTO pecitipaTopa 6y/ia CTBOpeHa Ha OCHOBI #1oro ¢i3nyHOoi Mofenti Ta, 3 ypaxyBaHHSIM
eMITipMYHOI 3a7IeXKHOCTI 3MiHM ONopy GiAbTPyBaIbHMUX €JIEMEeHTIiB IIPY OCifaHHi MUY, 103BOJISIE BUSHAUUTY BUTPATY
MOBITpsI uepe3 QiabTp Ta KOHIIEHTPALil0 MMIOBOrO aepo30Jii0 B MOBITPi po60ouoi 30HU. OGrpyHTOBAaHI TapaMeTpu
iMmiTawiiiHoi Mozieni MOTOPM30BaHOTO peciipaTopa: KepyHunii BIUIMB — IIBUAKICTb 06epTaHHS BeHTUIISITOPA, 0OMEXKeHHS
110 BUTPATI MOBITPs Ta TUCKY MOBITPSI B Maclli pecripaTopa (3a1eXXUTh Bif pexxumy ¢iznuHoi po60TH KOpUCTyBaya),
KOHII@HTpAIlisl MMIY B TIOBITPi po604Y0i 30HM, EMHICTD JKepesa SKMBIeHHS], CIIOXKMBaHY MOTYXXHICTh eJIeKTPOIBUTYHA
BEHTWISITOPA Ta KOMIIOHEHTIB CCTeMM KepyBaHHSI, mapaMeTpu QinbTpyBaJbHUX e1eMeHTIB (Ii/IbHICTh MaKyBaHHS
BOJIOKOH, TOBIIMHY DiIbTPYIOYOTO HIAPY, AiaMeTp BOJOKOH Ta iHIle), BXiHY KOHI[@HTPAIlil0 MUJIOBOTO aepo30JII0, II0
JO3BOJIMJIO BCTAHOBUTH 3QJI€KHICTb MiXK BETMUMHOIO ONIOPY GiTbTPYyBaIbHUX €/IeMEeHTIiB Ta YaCOM 10 TTIOBHOI PO3PSIAKA
IoKeperia KUBeHHSI. BCTAaHOB/IEHO KPUTUYHY BeJIMUMHY ONIOpY GiTbTPyBaJbHUX €1€eMeHTIiB MOTOPOBAHOTO pecIipaTopa, sika
MIPU3BOOUTD 0 3HAYHOTO PO3PSIAY AKepesia XVUBJIeHHS, BUXO[AUM 3 Pi3HOI BUTPATU MOBITPS, 1110 TOJAETHCS Y MiIMackoBUit
MPOCTip IIPY 3[aHii1 KOHIIEHTpallii Iy B po60u0i 30Hi. BCTaHOB/IEHO 3aJIEKHOCTI MiK 3MiHOO OTIOpPY AMXaHHS (PiNbTpiB
i po3psimoMm [kKepeJia sKMBJIEHHSI, 110 JO3BOJISIE BCTAHOBUTHM TEPMiH 6e3MevHOi eKcIuTyaTallii MOTOPOBAaHOI'O pecitipaTopa,
BUXOJSIUM i3 KOHIIEHTpaLlii MMy B TOBIiTPi po60v0i 30HM Ta peXXnMy pob60TH KopucTyBava. [[pakTHuHe 3HAaYeHHS TTOJISTaE
y BU3HaueHi TepMiHy eKCIUTyaTallii MOTOPOBAaHOTO pecIipaTopa, BUXOLSYY 3 KPUTUUHOI BeIMUMHM oTopy dibTpa, AKkuit
MPU3BOAUTD 10 IIBUIKOTO PO3PSIKEHHS JpyKepesa KVUBIeHHS

KniouoBi cnoBa: kepyoounii BIUIMB; iMiTalliiiHa Moe/b; 00’€KT KepyBaHHS; imeHTudiKallis; TOoCTiIKeHHs; BUTpaTa
TOBITPS; aKyMYJISITOD; €JIEKTPOEHEPTisT; TPUBAIICTh pO6OTIU
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