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ABSTRACT 

A ventilators is a machine that helps patients take breaths if they can not do it on their own. People also often 

refer to it as a breathing machine. Technically, a ventilator is a mask that medical workers wear when they care 

for someone with a lung illness. A ventilator is a bedside machine with tubes that connect to patients airways. 

Ventilators help pump oxygen into patients lungs. The air flows through a plastic tube that goes in patient’s 

mouth and down pateint’s windpipe. In this study, a mechanical ventilator that uses air pump technology is 

developed. Air for patients is pumped by a electrical air pump in the ventilator. The air volume and ratio 

provides to pateints could be controlled  by a Electronic Control Unit (ECU) of the ventilator. The air volume 

and ratio is set to three type of adults, children and infant patients. There are two modes of breathing for patients 

in this ventilator. The first mode is Continuous Positive Airway Pressure (CPAP) and the second mode is 

Volume - Assist Control (V-AC). A a prototype of the ventilator is created and some experiments have been 

carried for validation the parameters of the ventilator with laboratory test.  
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INTRODUCTION 

Ventilators are widely used in the treatment of patients with respiratory as well as general lung disease. Many 

research projects on ventilators have been developed around the world. Medical device manufacturers are also 

constantly researching to improve the functions of their ventilator products. Currently, the world is facing to a 

serious COVID-19 pandemic. During this pandemic, people did not have time to produce medical equipment to 

supply worldwide. Especially the shortage of essential medical equipment for human fighting against COVID-

19, such as masks, sanitizers and ventilators. It is this shortage of medical equipment that has caused a disaster 

in the treatment of COVID 19 patients. COVID-19 victims have died a lot in early 2020 in China, Italy, USA, 

Europe. Currently, the COVID-19 disaster is still complicated and causing many deaths for victims in India, 

Malasysia and Indonesia. During the facing with COVID-19 pandemic, many medical device manufacturing 

companies have development their vetilators. A research team at Massachusetts Institute of Technology 

introduce their simple MIT mechanical ventilator [1]. After that, the MIT mechanical ventilator has been 

developed by many resreachers in universities on the world. Honnor of Guangzhou Yueshen Medical 

Equipment Co., Ltd. developed their ventilators, such as advance mobile ICU ventilator with air pump, medical 

ICU ventilator SH300, ICU ventilator YSAV1100[2]. These ventilators have many improvements to suit the 

situation of COVID-19 patients. Hunan Beyond Medical Technology Co., Ltd developed a non-

invasiveventilator for COVID-19 patients, model ResPlus B-30P [3]. This ventilator is mainly used for patients 

with mild to moderatere spiratory failure, no indication of emergency intubation, relatively stable vital signs and 

no taboo of noninvasive ventilation. It is used for early intervention andauxiliary evacuation of respiratory 

failure. This study presents a research and development of a non-invasiveventilator. A prototype of the 

ventilator is manufactured for validation in laboratory test at Hanoi Univercity of Science and Technology. 
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DESIGN OF THE VENTILATOR 

General design of the ventilator  

In this study, a concept of the ventilator that uses air pump technology is designed. The ventilator has four main 

parts: a mechanical system, an Electronic Control Unit (ECU), a touch screen liquid crystal display, a breathing 

pipe and valve set. Figure 1 shows the block diagram of the ventilator. 

 

Figure 1. Block diagram of the ventilator 

Mechanical system 

The mechanical system of the ventilator is including main parts of a cover case, an air centrifugal pump, pipes, 

valves and connectors in side the ventilator. The air pump is came from market. It is desgined for medical 

treatment ventilator and available in market. The volume of the pumping flow is controlled by changing the 

rotation speed of the pump motor by the ECU. Figure 2 shows the overall view of the ventilator. 

 

Figure 2. Overall view of the ventilator 
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In this design of the ventilator, an air centrifugal pump of Ebm-papst is used for provide fresh air to patients. 

The air pump is designed with the maximum speed is up to 50,000 rpm [4]. However, in this ventilator, the 

maximum speed of the air pump is 40,000 rpm. The graph of input voltage and speed of the air pump is shown 

in Figure 3. The working states of air pump is shown in Table 1. 

 

Figure 3. Graph of input voltage and air pump speed [4] 

Table 1. Input voltage and working states of the air pump 

Input voltage Working states of the air pump 

0V - 0,85V Pump off 

0,85 11.000 rpm (start-up, comming from 0V) 

0,85V - 1,2V 11.000 rpm (corresponding to min pump speed) 

1,2V - 10,2V Linear increasing curve 

10,2V - 12V 40.000 rpm (corresponding to max pump speed) 

Electronic control unit 

The electronic control unit receives commands from the parameter setting in touch screen and transmits the 

execution commands to the ventilator actuators. The ECU of the ventilator is developed base on microchip 8-bit 

AVR ATmega128. The ECU is coded and programmed according to the parameters that are suitable for 

biological breathing of each type of patients. According to each condition of the patients, the working 

parameters of the ventilator are set and fully displayed on a Liquid Crystal Display (LCD) with touch screen 

technology. For identifying the state of inlet breathing or outlet breathing from patient, a pressure sensor is set 

on the inlet air pipe. This pressure sensor is connected to the ECU of the ventilator. The microchip AVR 

ATmega128 and the principle circuit of the ECU are shown in Figure 4 and Figure 5.  

 

Figure 4. The microchip 8-bit AVR ATmega128 



 Research and Development of a Ventilator with Air Pump Technology 

137 

 

 

Figure 5. The principle circuit of the ECU 

Touch screen 

The ventilator is designed with a LCD for setting up working parameters and displaying the working states of 

the ventilator. It is a 9x12 cm LCD with touch screen technology. The setting parameters of ventilator are shown 

in Table 2.  

Table 2. Setting parameters of ventilator 

No. Parameter Value 

1 Mode  CPAP/V-AC  

2 Breathing frequency 0 ÷ 40 breaths per minute 

3 Frequency step 1 breaths per minute 

4 Breathing volume  0÷600 ml 

5 Volume step 20 ml 

6 I:E  1:1 ÷ 1:5  

7 Trigger  1÷5 cmH2O  

8 Temprature 30÷37
o
 C  

9 Humidity 70-90% 

Touch screen LCD of the ventilator is shown in Figure 6. This screen displays in Vietnames language. The 

meaning of the ventilator parameters in Vietnamese are shown in Table 3. 

Table 3. Vietnamese and English parameters 

Vietnamese English 

THIẾT LẬP THÔNG SỐ PARAMETER SET UP 

CHẾ ĐỘ MODE 

ĐỐI TƯỢNG PATIENT 

Người lớn Adult 

Trẻ em Children 

Sơ sinh Infant 
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Nhiệt độ Temperature 

Độ ẩm Humidity 

Nhịp thở Breathing per minute 

Thể tích Volume 

Thiết lập Set/OK 

 

 

a. CPAP mode 

 

b. V-AC mode 

Figure 6. Touch screen for set up and display ventilator parameters 

Breathing pipes and valves 

In this design, the ventilator uses breathing pipes in market. It is plastic standard breathing pipes of ventilator for 

medical treatment. For controlling air flow direction in breathing, some one way valves are used in pipes of the 

ventilator. Figure 7 shows the breathing pipes for the ventilator. 

 

Figure 7. Breathing pipes for ventilator 

DISCUSSIONS 

As shown in Figure 1, in this project, a ventilator that used air pump technology is designed for treatment 

patients with respiratory as well as general lung disease. The ventilator using air pump technology with a smart 

electronic control unit (ECU). The volume of the air pumps to patients is controlled by changing the speed of 

the pump motor. The pump motor is a prossesional medical device that made by Ebm-papst. It is a special air 

pump for ventilator. The pump speed is controlled by the ECU with responding to breathing state of patients 

from feedback of the pressure sensor that is set on the inlet air pipe. The ECU is the heart of the ventilator. In 

this design, the ECU is developed by research group base on functions of the microchip AVR ATmega128. A 

complete ECU circuit is made and coded with many functions for each type of adult, children and infant patients, 

as shown in Table 2, Table 3 and Figure 6. The working parameters of the ventilator is set base on the biological 

breathing of each type of patients. By using touch screen for the parameter setting and dislaying the working 

paremeters of the ventilator, the designed ventilator is used new technology as current modern medical 

ventilator on market. This is convenient for operating the machine. Because the ventilator is designed for 

treatment patients with respiratory as well as general lung disease, it need to work continuously. So that, the 
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ventilator is designed with a compact rechargeable battery. In case of electric off from the grid, the ventilator 

will take energy from the battery and gives alarm to people.  

CONCLUSIONS 

This study presents a research and development of a ventilator that uses air pump technology. It is a simple non-

invasiveventilator. The pupose of this project is fast designing a ventilator for suitable to treatment COVID-19 

pateints. A prototype of the ventilator has manufactured for laboratory validation at Hanoi University of Science 

and Technology. Main functions of the ventilator such as MODE, inlet air volume, breathing frequency, Trigger, 

I:E. There are two modes of breathing for patients in this ventilator. The first mode is Continuous Positive 

Airway Pressure (CPAP) and the second mode is Volume - Assist Control (V-AC). Research group found that 

the main functions of the prototype ventilator work well. Currently, the world is facing to a serious COVID-19 

pandemic, this ventilator could be further developed for being real ventilator as medical device for treatment 

COVID-19 patient in emergency in case of lack of ventilators. For further development, the ventilator 

parameters should be coded for displaying in both Vietnamese and English languages. 
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