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Abstract

The recent increase in air pollution have made air quality in many cities extremely hazardous. This has necessitated the use of
respirators as a safeguard against the impact of air pollution. This study is concerned with modelling a forced air respirator
using matrix converter fed sensorless Brushless DC motor (BLDCM) drive. Here, the electrical model of human lungs along
with mathematical model of the said converter is considered for the simulation. The forced air respiration system is modelled to
study the characteristics of both normal and adverse condition of volumetric flow parameters with different respiratory rates.
The model is implemented in MATLAB/Simulink for stable airflow and volumetric pressure. The simulation model borrows the
BLDCM output motor parameters (i.e., RPM, max output torque), which is fed to the lungs model as input to find volumetric
pressure and airflow. Finally, a detailed study on implemented matrix converter reveals significance improvement over a
non-converter fed one. The output results show that the scheme described in this scope of work handles DC power using matrix
converter and delivers a stable Rotation per min (RPM) and output torque to the respirator for stable airflow and volumetric air
pressure in the lungs parameter.
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The present scenario has shown the increased threats
represented by respiratory illness like chronic obstructive

1. Introduction

The present scenario has shown the increased threats
represented by respiratory illness like chronic obstructive
pulmonary disease (COPD), asthma etc. That risk has
increased due to increase in air pollutants like PM2.5, PM10
etc. a respirator can be utilized as an immediate
countermeasure on an individual level safety measure as
bringing down pollution levels require much longer time than
the severity of the problem is allowing. The normally used
NO95 respirators are of negative pressure variant i.e., they
require the wearer’s lungs to inhale air through the resistive
membranes of the filter layers. This is strenuous and
uncomfortable to wear for a long duration. This is
non-existent in positive air pressure respirators as they use
external filters and has a motorized air supply system. The
pandemic in recent scenario also necessitates respiration
apparatus as a part of its treatment. Respirators that are in
commonly used are negative pressure system which require
the power of lungs to draw-in purified air which is not
suitable and sometimes not possible if the person lacks
sufficient lungs strength, or if they suffer from respiratory
illness. This work proposes a forced air (positive air pressure)
solution to the problem.

pulmonary disease (COPD), asthma etc. That risk has
increased due to increase in air pollutants like PM2.5, PM10
etc. a respirator can be utilized as an immediate
countermeasure on an individual level safety measure as
bringing down pollution levels require much longer time than
the severity of the problem is allowing.

2. Mathematical Model

Figure 2: RPM waveform of BLDC motor

Mathematical model of BLDCM
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The mathematical model of BLDCM a sensorless can be
modeled and implemented by the means of mathematical
modeling (transfer functions) shown in equations shown
below. The winding of a three phase BLDC motor can be
modeled as a series circuit consisting of a resistance R, an
inductance L and a speed dependent voltage source which is
known as the back EMF voltages due to the rotor magnet.
While designing a BLDC motor, a few parameters like
induced current in the rotor due to stator harmonics fields,
iron and stray losses are neglected. Self and mutual
inductances are considered as constant [1-5]. The BLDC
motor is supplied three phase voltage represented in Eq.1,
Eq.2 and Eq. 3

Figure 1: Example of figure caption

The normally used N95 respirators are of negative
pressure variant i.e., they require the wearer’s lungs to inhale
air through the resistive membranes of the filter layers. This
is strenuous and uncomfortable to wear for a long duration.
This is non-existent in positive air pressure respirators as they
use external filters and has a motorized air supply system.
The pandemic in recent scenario also necessitates respiration
apparatus as a part of its treatment. Respirators that are in
commonly used are negative pressure system which require
the power of lungs to draw-in purified air which is not
suitableand sometimes not possible if the person lacks
sufficient lungs strength, or if they suffer from respiratory
illness. This work proposes a forced air (positive air pressure)
solution to the problem.

The present scenario has shown the increased threats
represented by respiratory illness like chronic obstructive
pulmonary disease (COPD), asthma etc. That risk has
increased due to increase in air pollutants like PM2.5, PM10
etc. a respirator can be utilized as an immediate
countermeasure on an individual level safety measure as
bringing down pollution levels require much longer time than
the severity of the problem is allowing. The normally used
NOS5 respirators are of negative pressure variant i.e., they
require the wearer’s lungs to inhale air through the resistive
membranes of the filter layers. This is strenuous and
uncomfortable to wear for a long duration. This is
non-existent in positive air pressure respirators as they use
external filters and has a motorized air supply system. The

pandemic in recent scenario also necessitates respiration
apparatus as a part of its treatment. Respirators that are in
commonly used are negative pressure system which require
the power of lungs to draw-in purified air which is not
suitable and sometimes not possible if the person lacks
sufficient lungs strength, or if they suffer from respiratory
illness. This work proposes a forced air (positive air pressure)
solution to the problem.

The present scenario has shown the increased threats
represented by respiratory illness like chronic obstructive
pulmonary disease (COPD), asthma etc. That risk has
increased due to increase in air pollutants like PM2.5, PM10
etc. a respirator can be utilized as an immediate
countermeasure on an individual level safety measure as
bringing down pollution levels require much longer time than
the severity of the problem is allowing. The normally used
NO95 respirators are of negative pressure variant i.c., they
require the wearer’s lungs to inhale air through the resistive
membranes of the filter layers. This is strenuous and
uncomfortable to wear for a long duration. This is
non-existent in positive air pressure respirators as they use
external filters and has a motorized air supply system. The
pandemic in recent scenario also necessitates respiration
apparatus as a part of its treatment. Respirators that are in
commonly used are negative pressure system which require
the power of lungs to draw-in purified air which is not
suitable and sometimes not possible if the person lacks
sufficient lungs strength, or if they suffer from respiratory
illness. This work proposes a forced air (positive air pressure)
solution to the problem.The present scenario has shown the
increased threats represented by respiratory illness like
chronic obstructive pulmonary disease (COPD), asthma etc.
That risk has increased due to increase in air pollutants like
PM2.5, PMI10 etc. a respirator can be utilized as an
immediate countermeasure on an individual level safety
measure as bringing down pollution levels require much
longer time than the severity of the problem is allowing. The
normally used NO95 respirators are of negative pressure
variant i.e., they require the wearer’s lungs to inhale air
through the resistive membranes of the filter layers. This is
strenuous and uncomfortable to wear for a long duration.
This is non-existent in positive air pressure respirators as they
use external filters and has a motorized air supply system.
The pandemic in recent scenario also necessitates respiration
apparatus as a part of its treatment. Respirators that are in
commonly used are negative pressure system which require
the power of lungs to draw-in purified air which is not
suitable and sometimes not possible if the person lacks
sufficient lungs strength, or if they suffer from respiratory
illness. This work proposes a forced air (positive air pressure)
solution to the problem. The present scenario has shown the
increased threats represented by respiratory illness like
chronic obstructive pulmonary disease (COPD), asthma etc.
That risk has increased due to increase in air pollutants like



PM2.5, PM10 etc. a respirator can be utilized as an
immediate countermeasure on an individual level safety
measure as

bringing down pollution levels require much longer time
than the severity of the problem is allowing. The normally
used NOS5 respirators are of negative pressure variant i.e.,
they require the wearer’s lungs to inhale air through the
resistive membranes of the filter layers. This is strenuous and
uncomfortable to wear for a long duration. This is
non-existent in positive air pressure respirators as they use
external filters and has a motorized air supply system. The
pandemic in recent scenario also necessitates respiration
apparatus as a part of its treatment. Respirators that are in
commonly used are negativepressure system which require
the power of lungs to draw-in purified air which is not
suitable and sometimes not possible if the person lacks
sufficient lungs strength, or if they suffer from respiratory
illness. This work proposes a forced air (positive air pressure)
solution to the problem.

Table 1: Example of a table caption

Source: Sources must be provided for both figures and
tables if they are reproduced/adapted/modified, etc., and
permissions may be required.
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3. Conclusion

The present scenario has shown the increased threats
represented by respiratory illness like chronic obstructive
pulmonary disease (COPD), asthma etc. That risk has
increased due to increase in air pollutants like PM2.5, PM10
etc. a respirator can be utilized as an immediate
countermeasure on an individual level safety measure as
bringing down pollution levels require much longer time than
the severity of the problem is allowing.

4. Acknowledgement

The authors gratefully acknowledge the students, staff,
and authority of Physics department for their
cooperation in the research.

5. References

1. Woods, D. D. and E. Hollnagel. (2012). Joint cognitive
systems. Boca Raton: CRC Press/Taylor & Francis.

2. Wiens, J. A. 2005. Avian community ecology: An
iconoclastic view. In Perspectives in ornithology, ed. A.
H. Brush, and G. A. Clark, 355-403. Cambridge:
Cambridge Univ. Press.

3. Terborgh, J. 2009. Preservation of natural diversity.
BioScience. 24:715-22.

4. Alotaibi, A. R. and Mishra, A. V. (2015). Global and
regional volatility spillovers to GCC stock markets. Int.
Economic. Modelling. 45(3):38—49.

5. Akhtaruzzaman, M., Boubaker, S., and Sensoy, A.
(2021). Financial contagion during COVID-19 crisis.
Int. Financ. Res. Lett. 38(2):101604-101609.

6. Testa, B. and L. B. Kier. 2013. Emergence and
dissolvence in the self-organisation of complex systems.
Entropy 2, no. 1: 1-25.
http://www.mdpi.org/entropy/papers/e2010001.pdf

7. Schwartz, G. J. 2012. Multiwavelength analyses of
classical carbon-oxygen novae. PhD diss., Arizona State
Univ.

8. O’Guinn, T. C. 2014. Touching greatness. Paper
presented at the annual meeting of the American
Psychological Association, New York.

9. Adamic, L. A. and B. A. Huberman. 2006. The nature of
markets in the World Wide Web. Working paper, Xerox
Palo Alto Research Center.
http://www.parc.xerox.com/istl/groups/iea/www/webmar
kets.html (accessed March 12, 2014).

10. Aidy Ali, Kannan Rassiah, M.M.H Megat Ahmada.
(2021). The effect of stacking sequence of woven
bamboo on mechanical behaviour of fiber reinforced
composites. Journal of Southwest 592 Jiaotong
University / Vol.56 No.2.

11. Anigol, M.N.B., Anil, S.P. (2015). Study of the effect of
various fillers on mechanical properties of carbon-epoxy
composites. Int. Res. J. Eng. Technol. 02(03), 798-802.

12.Biswasa, S., Shahinura, S., Hasana,M., Ahsan, Q.
(2015). Physical, mechanical and thermal properties of
jute and bamboo fibre reinforced unidirectional epoxy
composites. Procedia Eng. 105, 933— 939


http://www.mdpi.org/entropy/papers/e2010001.pdf
http://www.parc.xerox.com/istl/groups/iea/www/webmarkets.html%20
http://www.parc.xerox.com/istl/groups/iea/www/webmarkets.html%20

