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Introduction

COVID-19 (Coronavirus diseas 2019)

dMortality of COVID-19 up to October 2020 — 2,98 % <l health

Daily reported deaths

® Asia @ Europe ® North America Latin America and the Caribbean Africa ® Ocean ia

Artificial lung ventilation
o Required by 1.5 mil. (USA —2013)

o Mortality of patients
undergoing of ALV 31 -37%

Ll
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Principle of Artificial Lung Ventilator

Conditions of utilization

dIncorrect application - destruction of a lung - VILI (ventilatorinduced lung injury)

J Next factors affecting affecting VILI:
o Lung capillary pressure
o Respiratory rate
o Genetic predisposition

dGroups of artificial ventilation
o positive pressure ventilation
o negative pressure ventilation
o jet ventilation
o high-frequency ventilation
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Principle of Artificial Lung Ventilator

Phases of PPV

dInspiration phase
o Controlled by control parameter like pressure or gas flow

dInspiration pause
o Standstill of gas flowing through an airways and intrapulmonary redistribution of tidal
volume is in a progress

JExpiration phase
o Passive phase of respiratory cycle

JExpiration pause
o A phase started by ending of air flowing from patient up to next respiratory cycle
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Principle of Artificial Lung Ventilator

Phases of PPV

K:jhe EXPIRATORY BREATH HOLD manoeuvre to measure intrinsic PEEP
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Design of Mechanical Ventilator

Requirements on Mechanical Ventilator

dPortability

PLC with HMI touch screen

dSimplicity

Cover box

P Bag-valve-mask
d Fast reproducibility
Test lung
D RObUStneSS Sensors interface

Frame

Compressor

JHospital - Household utilization

loT

A Portable BVM-based Emergency Mechanical Ventilator



Design of Mechanical Ventilator

Control System of Mechanical Ventilator

dLow level control )
\ 4 —
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Experimental Analysis

Inspiration pressure p, = 17 cmH,0, Inspiration time t, = 500 ms Inspiration pressure p, =25 cmH O lnsplratlon time t, = 500 ms
20 2 T T - 30 -
—Measured value —Measured value
151 value}| 20 H —Reference value
10/ 101
s -\_L.‘_‘ .
0 2 4 6 8 10 12 14 16 0 5 10 15 20 25
5 Insp|ratron pressure p, =17 cmH,0, Insplratlon time t, = 600 ms o o Insplranon pressure p, =25 cmH,0, Cnsplratlon time t, = 600 ms
£ = o le) = = e
IN :Measured value‘ IN 30 '—-Measure d valt;
E 15} — Reference value| g 20! —Reference value
) S
5 10 ) /
2 I1_‘—\_‘ S 10
173 17
[ | 0 -
£ 5 S
o 12 14 16 18 a 9
0 2 4 6 8 10 12 14 16 18
Inspiration pressure p,= 17 cmH O Inspiration time t. =700 ms
20 Inspiration pressure p, = 25 cmH O Inspiration time l =700 ms
—Measured value | 30 T
15+ —Reference valuel —Measured value
Inspiration pressure p; = 20 cmHZO, Inspiration time t= 500 ms value
10+ 20 T /
5 ! L -
5 5 15 8
Time [s] 10 0 2 4 6 8 10 12 14 16 18 20
"\1_\_| Time [s]
5 | | I = 1 1 e 1 2 [ Y
0 2 4 6 8 10 12 14 16 18 20
- Inspiration pressure p,= 20 cmHZO. Inspiration time t= 600 ms
O, 20F T T : —
T [—Measured value
E 15 —Reference value.
o,
e
S5 10
173
[}
e IrL‘ﬁﬂ \ :
o
4 6 8 10 12 14 16 18
Inspiration pressure p; = 20 cmHZO, Inspiration time t= 700 ms
20 T T ey
Measured value
15 —Reference value
d i
5 |
0

Time [s]

15




Experimental Analysis

Inspiration pressure p, = 25 cmHZO
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Conclusion and Future Work

dTimeliness of the topic

dSuitable requirements and mechanical design
[ Control system design

dSuitable experimental results

dFuture work

o Improvement of control algorithm
o Fully assisted ventilation

PLC with HMI touch screen

Cover box

Bag-valve-mask

Test lung

Sensors interface

Frame

Compressor
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