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Abstract 
 
Sleep apnea is a condition, in which during the sleep, the upper airway 

obstruction causes the people not able to breathe properly especially at night. 

Sleep apnea restricts a person’s breathing leading to inadequate oxygen 

supply to the body. Untreated sleep apnea may affect a person’s sleep and 

can disturb their regular work.   Treatment to sleep apnea can be given by 

Continuous Positive Airway Pressure (CPAP) device and Automatic Positive 

Airway Pressure (APAP) device. The major disadvantage of those devices is 

the presence of hoses causing discomfort to the patients sleeping positions. 

This work towards the design of micro blowers for the development of a 

horseless Micro APAP device. The performance characteristics of micro 

blowers are analysed using SolidWorks and Ansys software. This micro 

blower technology based micro APAP device which provides comfortable 

sleep therapy for sleep disorder patients. 
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1 Introduction 
 

 Obstructive sleep apnea (OSA) is a sleep syndrome, caused by  increased 

relaxation of throat muscles and also due to abnormally small airway. This 

generally happens due to gravity when the person is in lying posture. Due to 

the excess tissue closure down the trachea there is a chance for occurrence of 

mechanical blockage as shown in Fig.1. The throat starts to act like a one 

way valve where there is no inhalation. Heart pumps faster trying to 

compensate the decrease in the oxygen level in the blood leading to the rise 

in blood pressure [1]. Eventually, the brain alerts and wakes the person up 

momentarily. This process is common and it repeats for every 15 minutes 

thus interrupting a person’s normal sleep. This condition is primarily treated 

using CPAP or APAP machine. It delivers air at required pressure to break 

the obstruction and thus retaining the normal breathing pattern [2]. 
 

 

 

 

 

 

 

 

Fig.1 Airway Obstruction 

Polysomnography (PSG), is a type of sleep study in which the OSA is 

diagnosed early stage. PSG is a multi-feature test in sleep medicine. The 

pressure level required for the patient is set by the sleep physician by 

continuously monitoring the patient in the sleep laboratory [3]. The sleep 

study involves two stages, the first stage is where the technician will monitor 

the patient’s sleeping habits and the second stage is where the patient is set to 

the device and the difference between wearing the device and not wearing 

the device is identified. For APAP/CPAP titration study in sleep lab, the 

sensors will be placed in the various parts of the body. These sensors acquire 

the EEG,ECG, inhalation and exhalation pressure and movement. The 

physician determines the required pressure using an overnight sleep study 

[4].  

The pressure level for the sleep apnea treatment is set between 6 and 

14 cm/H2O.The flow rate of air required at that pressure is 20 to 200 l/min. 

The required pressure level for that patient to have a comfortable sleep is  
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delivered through the device. A CPAP delivers the pressures continuously 

between 4 and 20 cm/H2O[5] .APAP delivers the pressure depends upon the 

patient inhalation and exhalation condition ,throughout the night as the 

person moves in and out of different stages of sleep.  APAP devices are used 

to give treatment for sleep apnea that delivers pressurized air through a mask 

to keep the airways free of obstructions during sleep[6]. The existing 

CPAP/APAP device is shown in Fig.2.  

 
                    Fig.2 Continuous /Automatic Positive Airway Pressure Device 

 

The major disadvantage of CPAP and APAP devices are having 

connecting tube between mask and machine that gives discomfort to the 

patients changing their sleeping positions. Centrifugal blowers are the single 

most popular application for ventilation and medical process 

requirements[7]. High maintenance cost, oversized blower and high air 

leakage in ducting or system were the problems in the existing blowers. This 

paper introduced a methodology of blower system.  As an alternative to 

single blower, multiple blowers can be combined in parallel or in series. 

Static and dynamic characteristics of micro blower analysis were carried out 

using ANSYS 14.5.7.  

 

 

 2 Materials and   Methodology  
 

This methodology consists of a mask that exactly fits into the nostrils of 

the patient. The hoses that were causing discomfort to the patients in the 

earlier designs are removed. The different sensors are used to sense the 

pressure and humidity levels[8]. The acquired values from sensors are used 

as an input to the micro controller that automatically regulates the pressure 

ranges of the blower. This process is based on a feedback mechanism. An 

event detection algorithm should be developed to maintain the pressure at 

different levels as required by the patients. An android application acts as a 

user interface to provide inputs to the device. The block of MEMS based 

APAP is given below in Fig.3. In this work, the major focus on the design of 

micro blowers for the Micro APAP device. 
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      Fig.3 Block diagram of Micro Electro Mechanical System based APAP Device 

 

 

2.1 Blower Driver Circuit  
 

RC Oscillator consists of an amplifier and an RC network (Resistor R7 

and Capacitor C6) to produce oscillations when the phase shift occurs. To 

sustain oscillation, a positive feedback is provided along with the transistor 

amplifier. The Q1/A and Q2/B arrangement is the Class B push pull 

amplifier. When the positive half of input signal, transistor Q1/A is forward 

biased and the  transistor Q1/B is reverse biased[9]. The murata blower 

driver circuit is shown in Fig.4. 

 
Fig.4 Murata blower driver circuit 
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2.2 Micro Blower  
 

 A blower is used to blow air at a particular rate to dry or heat the air in 

its pathway. Micro blowers designed by Murata Company shown in Fig.5  is 

of high importance. It is used to deliver air at prescribed rate depending upon 

the patients need. It has a ceramic drive source to pump air through 

ultrasonic vibrations. It is extremely thin with a dimension of 20 x 20 x 1.05 

mm (millimeter). The drive frequency is about 26 KHz delivering 2000 

Pascal of static pressure at 15V supply voltage.  

 

 
Fig.5 Murata Microblower 

 
 

                           Fig.6 Micro Blower and its operation.  

 

  

As shown in Fig.6 a piezoelectric micro-blower capable of efficiently 

conveying compressive fluid without use of a check valve and ensuring a 

sufficient flow rate. The micro-blower has a blower body with a first wall 

and a second wall. Openings are formed in the respective walls and face a 

center of a diaphragm. An inflow path allowing the openings to communicate 

with the outside is formed between the walls. By applying a voltage to a 

piezoelectric element to cause the diaphragm to vibrate, a part of the first 

wall close to the first opening vibrates. Thus, gas can be drawn from the 

inflow path and discharged from the opening in the second wall [10]. 
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2.3 Comparison of Blowers 
 

The Table.1 shows the comparison of Murata and Micronel blowers. 

Since the cost of Murata blower is less it is chosen for hardware 

implementation and the Micronel blower is simulated using SolidWorks and 

Ansys to analyse the flow characteristics of the device [11]. 

 
Table.1 Comparisons of blowers 

 

 
 

 

2.4 SOLIDWORKS 

SOLIDWORKS CAD software is a mechanical and automation 

simulation package. Using CAD, sketch out ideas, feature analysis, 

dimensions optimization, designing models and elaborated drawings has 

been made. SolidWork is a three dimensional modelling software. Coming 

up with a design, from the initial sketch to the expected result, a 3D model is 

made. Once coming up with a model exploitation with SolidWorks, it may be 

pictured in three dimensions. Solid Work customize the fans depends upon 

the conditions and requiremements [12]. The Micronel blower is designed 

using SolidWorks and this can be done in three different methods.  The first 

method is creating a fan curve.  The other two methods represent the working 

of the fan by including the features and physical characteristics of the fan.  
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2.5 ANSYS 
 

 It is mainly developed for the analysis of finite element. This software is 

used to simulate strength, toughness, elasticity, temperature distribution, 

electromagnetism, fluid flow etc. The main significance of  Ansys is to 

develop a product with various specifications, without conducting crash tests. 

Ansys workbench code simulates and analyzes movement, fatigue, fractures, 

and other time varying effects. The flow rate of Micronel microblower is 

studied using Ansys [13]. 

 

2.6 SENSING SOLUTIONS Interface 
 

The Sensing Solutions interface supports 64-bit Windows operating 

system.The current graphical user interface does not support 32-bit Windows 

operating systems. The host machine is needed for device configuration and 

knowledge streaming [14].  

     The following steps are necessary to prepare the EVM for the GUI: 

              • The interface and EVM driver must be put on the host 

            . • The EVM should be connected to a full speed USB port (USB 1.0 

or above). 

The HDC1080EVM does not require calibration and it needs Sensing 

Solution EVM interface must be installed. This interface displays real time 

streaming of both humidity and temperature measurements, and allows 

access to the HDC1080's configuration registers. Data acquisition using 

HDC1080EVM module is done and the temperature and relative humidity 

data is logged and exported in CSV format [15]. 

 

 

3 Results and Discussions 

 The design and simulation of Micronel blower, the design of driver 

circuit, Microblower testing and pressure readings, Integration of blower 

with the driver circuit were analyzed. 

 

3.1 Micronel Blower 

 

SolidWorks is used to model a Micronel blower in three dimensions. 

Micronel is a compact blower with an efficient motor. ANSYS 14.5.7 is a 

mathematical modelling tool which is used to carry out analysis. The analysis 

is performed by loading Micronel blower design model from the SolidWorks.  
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Pressure flow is checked using this software. The design of Micronel blower 

using SolidWorks is described in Fig.7. 

 

 

Fig.7 Design of Micronel Blower 

The design and simulation of Micronel blower in SolidWorks include the 

following steps 

Step 1 - Applying boundary conditions and computations in the rotational 

region. 

Step 2 - The simulation goal is set. 

Step 3 - The volume flow rate is determined by the various parameters such 

as velocity flow, pressure flow and temperature distribution around the 

impeller blades. 

Step 4 - The design is simulated by using the boundary conditions. 

 

3.2 Murata Blower 
 

The Murata blower is tested using driver circuit. This circuit act as a 

current boosting amplifier. By applying lower digital logic signal,  a  high-

current driver circuit is controlled . The testing is made only to know that the 

blower can deliver the required amount of pressure for the APAP device. 

Fig.8 explains the inlet and outlet of Murata microblower. The interfacing of 

blower is explained in Fig.9 .The integration of blower with driver circuit is 

shown in Fig.10.   

 
 
             Fig.8 Murata Microblower inlet and outlet            
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Fig.9 Interfacing of blower 

The structure is designed to operate as an air pump by applying the 

ultrasonic vibrations of the ceramic as the drive source. It is realized as an 

extremely compact, thin and silent device with high pressure. The principle 

of operation is very similar to a piezoelectric beeper, the operating frequency 

is an inaudible 25kHz, the unit has a diaphragm that is excited into vibration 

by a Piezo- ceramic disc, the vibrations induce an air flow through the device 

at an impressive rate of upto 1litre per minute and can produce a difference 

up to 2k Pascal (not at the same time). 

 

Fig.10 Integration of blower with driver circuit 

 

The device can be fit into tight spaces and do things that could be very 

difficult any other way.  A sine wave is set in the function generator with the 

frequency of 26 kHz and drive voltage of 15 Vp-p, it is given as input to the 

microblower. Fig.11 illustrates the sine wave output from a driver circuit 

which is observed in a Digital Storage Oscilloscope (DSO).  

 
             

       Fig.11 Sine wave output obtained from driver circuit 

 



                                                                                                                  
 

 

 

 

 

 

 

1472   Priya et al  

 

DC supply input voltage is applied to the driver circuit. The Multimeter 

is used to check the output DC voltage at the blower. The voltage supply is 

increased linearly as shown in Fig.12. The values obtained are shown in 

Table.2 
 

 

 
 

Fig.12 Relationship between input and output DC voltage 

 

Table.2 Voltage values obtained from driver circuit 

 

INPUT DC 

VOLTAGE 

(V) 

DRIVER CIRCUIT 

OUTPUT 

VOLTAGE (V) 

12 5.09 

13 5.55 

14 5.91 

15 6.30 

16 6.78 

17 7.19 

18 7.57 

19 8.06 

20 8.55 
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 Table.3 describes about the pressure values obtained from the 

Microblower using the DPM4 vacuum pressure tester .The driving frequency 

is set at 25 KHz. The peak to peak voltage is increased from 13 to 30 and the 

corresponding pressure values are obtained. The maximum pressure obtained 

is 8 cm H2O which is equal to 470 - 490 millilitres /min. 

 

 
Table.3 Pressure readings obtained from Microblower 

Vin (V p-p) Pressure (cm H2O) 

13 1 

18 2 

20 3 

22 4 

25 5 

27 6 

 

4 Conclusion 

The methodology is used to develop hose less APAP device for treating 

OSA patients.The device is designed to fit in the needs of the patient along 

with being reliable, user friendly, technically feasible and economically 

justifiable. The micro blower is designed using Solid Works software. The 

micro blower and the driver circuit are tested and the required output is 

obtained. The sensing unit and controller unit are selected based on their 

specifications to be used as a medical device. Using APAP therapy over an 

extended period of time one can protect oneself from sleep apnea and can 

lead a healthy life.  
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