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ABSTRACT 

 

This paper describes the development of portable mechanical 

ventilator using a proportional solenoid valve whose aim is to 

regulate the flow rate of oxygen to the patient together with an 

Arduino Mega2560 as the main controller for the machine 

before delivering the required volume to the patient; base on 

their ideal body weight so as to prevent blowing out the lungs 

The aimed of this development is to save and improve the 

quality of lives of patients with respiratory problems rather 

than replacing the existing ventilator. Furthermore, test 

analysis was conducted to evaluate its performance and also 

the comparative analysis between the standard and the 

developed ventilator showed the reasons why most hospitals 

don’t have ventilators.  
 

Key words: mechanical ventilator, oxygen, proportional 

solenoid valve, respiratory 

 

1. INTRODUCTION 
 

Mechanical ventilation has become the most widely utilized 

mode of life support in clinic today due to high frequently 

identifiable source of nosocomial infection at the intensive 

care unit [1]. It is a lifesaving treatment commonly utilized in 

critical care unit to mechanically ventilate critically ill 

patients [2]. Furthermore, researches have shown lung and 

breathing problems to be one of the major causes of death in 

world. In the early 90’s, the aforementioned respiratory 

disease was the sixth most common cause of death across the 

globe before becoming the third most deadly in the year 2020 

[3]. Patients diagnosed with this disease require respiratory 

support for different reasons ranging from medical 

complications to emergent surgical interventions. From 

various researches carried out, death rates in area with 

respiratory failure have been observed to be minimized where 

mechanical ventilation with evidence-based approaches is 

mandatory. One of the major function of mechanical 

ventilation is to mechanically assist or replace spontaneous 

breathing by utilizing an apparatus to enhance the transport 

 
 

of oxygen and carbon dioxide between the atmosphere and the 

alveoli for the purpose of enhancing pulmonary gas exchange 

due to the inability of patient to maintain airway [4]. 

 

Researchers came to a consensus that mechanical ventilation 

can damage the lungs and this is triggered by a condition 

known as ventilation-induced lung injury. The two most 

common types of damage been identified are volutrauma and 

atelectrauma [5]. Volutrauma appears when the ventilation in 

excess causes over-stretching of the corresponding lung 

parenchyma thereby triggering an inflammatory reaction that 

result to the damage of the alveolar walls and edema. More so, 

atelectrauma which result from insufficient ventilation 

permits the alveolar units to collapse and reopen, in a 

recurring, chronological movement due to absence of positive 

end-expiratory pressure (PEEP) in the mechanical ventilation 

[6]. In view of the fact that mechanical ventilators potentially 

expose the patient’s lungs to damage, all initiatives of 

constructing low-cost mechanical ventilators are yet to 

provide the regulation of lung’s pressure and positive 

end-expiratory pressure [7]. The major point involves 

regulating the machine to prevent excessive pressure, which 

is a side effect of the excess energy from the ventilator 

machinery [8]. Literature studies from [9] described historical 

review of different methods of mechanical ventilation. The 

researchers stated that, artificial ventilation has been in 

existence since biblical times while modern and automatic 

devices came to existence in the early 1800s. Also, [10] 

postulated different kinds of portable ventilators and their 

historical development. They described the concept to be new 

as compared to the ventilator in the intensive care unit. 

Portable ventilators were described to evolve due to the 

necessity of ventilating a patient when shifting or moving 

from one location to another. Furthermore, [12] automated 

BVM mechanically to construct a portable mechanical 

ventilator. The author used cam mechanism in the work to 

produce the desired motion of the BVM. This paper discusses 

the development of low cost mechanical ventilator using 

proportional solenoid valve that would meet a patient’s 

respiratory demand and minimize reliance on a ventilator in 

areas where it is unavailable and inaccessible. Healthcare 

needs a pathfinder solution in which the investment and risk 

of an automated application is small [13], [14]. 
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2. METHODOLOGY  
Table 1: Components 

 

The materials and equipment were selected on the basis of 

design assumptions. Materials used to construct the prototype 

are presented in Table 1. 

 

 

2.1 Operation of the Mechanical Ventilator 
 

The developed ventilator operates under a volume controlled 

ventilation mode where flow is regulated until a maximum 

pressure is attained and pressure itself is further regulate to 

prevent buildup of pressure in the system. There are two 

major components at the heart of the ventilator: The 

proportional solenoid valve and the Arduino ATMega2560. 

The entire project is divided into two parts: the inspiratory 

path and the expiratory path. The inspiratory path consists of 

the mass flow pressure regulator, proportional solenoid valve 

and the flow sensor. At the initiation of the ventilator as 

shown in Figure 1, the compressed oxygen gas stored in the 

oxygen cylinder is regulated to ~17PSI and sent to the 

proportional solenoid valve to generate a precise flow under 

the control of a PMW electrical signal from the 

microcontroller. The flow through the plumbed pipe fittings 

is measured via a flow sensor and an I2C signal is sent back to 

the microcontroller to close the loop.  

The hand gesture controller was adopted instead of knobs to 

control and navigate the GLCD module. Four modes with 

different parameters were set based on the patient’s 

physiology and disease. The required volume is continuously 

delivered to the patient based on their ideal body weight while 

regulating pressure to remain at the barest minimum in order 

to avoid blowing out the lungs.  

 

 

 
Figure 1: Ventilator Setup 

 

2.2 Electronic Design  

The resistor connected in series to a capacitor as shown in 

Figure 2 represent the basic electrical model. In other words, 

it might also consist of two lungs, chest wall, and properties of 

ventilator circuit. Taking a good look at the pressure 

(voltage), volume (charge), and flow (current), it is evidence 

that this model is an overview of the real biological 

respiratory system. Furthermore, equate of motion for 

respiratory system connects pressure, volume, and flow 

during ventilation and it is given as; 

Pmus + Pvent = R.V + E.V.                                                 (1) 

                                                                                                               

Where Pmus represents the pressure produced by the 

respiratory muscle, Pvent is the pressure produced by the 

ventilator, elastance , lung  volume and the resistance of a 

respiratory system are denoted by E, V and R .During 

mechanical ventilation, muscle pressure, the pressure of the 

ventilator, volume, flow equates to zero while elastance and 

resistance remain constant 

 

 
 


