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Abstract - This paper proposes a system that acts as a 

mechanism for room ventilation control in a time-sharing 
manner by using a self sensing actuator. The ventilation fan 
alone cannot be used as the actuator and sensor. It can be used 
in a time sharing manner. Generally the motors and actuators 
contain internal feedback. The motors function as a 
generators, and actuators generate normally a force is applied 
to them. This implies a reversible process mechanism. The 
function of a ventilation fan was obtained by analyzing the 
automatic control by using the ventilation system in the sealed 
house. The change in pressure in between the inner and outer 
portion of the room due to exhaust, the high sensing actuator 
will act as a power generator from which the motor generates 
a voltage. The main power scheme was mentioned below: 
when the voltage from the sensing fan, which is at a standstill, 
exceeds a threshold value, the ventilation fan starts rotating 
for a short period of time and comes to idle position mode to 
observe the pressure. These processes are repeated again and 
again. A ventilation fan with the area of 0.25 m acts as a high 
sensitive gauge pressure sensor at pressure up to 3.0 Pa, with 
the frequency range of 0.2 Hz. The controller which turns the 
ventilation fan on when the pressure exceeds 3.5 Pa for 12 s 
and returns it to standstill mode worked well in an actual 
airtight room. 

 

Key Words:  Actuator, Time sharing, sensitive 
pressure sensor, Ventilation fan, Reversible Process. 

 

1. INTRODUCTION 
 
The ventilation of houses is important to keep a house in 
good condition and maintain the health of its occupants. In 
most old houses, the air is ventilated by exhaust fans because 
there are so many no of aeration holes along through which 
external air penetrates. By contrast, newly built houses are 
airtight to keep out external noise and for energy efficiency. 
For reasonable ventilation, there should be a good balance 
between aeration and exhaust, but the most no of houses 
have active aeration fans or passive holes for exhausting air, 
which causes a new problem. Sometimes an exhaust fan is 

placed in another room where the doors are closed, or 
someone closes the hole to stop hot or cold air from entering. 
In such cases, the pressure in the house may fall by 10 Pa, 
and the door may be difficult to open owing to the negative 
pressure. In addition, because of the poor aeration owing to 
the negative pressure, the air is not ventilated even if the 
aeration fan works properly. Most people believe that the 
room is ventilated if they hear the sound of the aeration fan; 
however, this may not be the case. At worst, this could cause 
carbon monoxide poisoning. The kitchens of newly built 
buildings have both an aeration fan and an exhaust fan, some 
of which work simultaneously but most of which are 
independent, because if a kitchen window is open, the 
exhaust fan does not need to be on. Similarly, ventilation in 
many kitchens in restaurants is dangerous or ineffective. 

 

This paper describes a solution to these problems. The 
basic strategy is an automatic feedback control for 
ventilation. We measure the pressure difference between the 
inside and outside of the house. The pressure inside the 
house decreases, when the exhaust fan works, then only the 
ventilation is not sufficient when the windows or ventilation 
holes are closed or the ventilation fan is at a standstill. 
Usually, we manually turn on the ventilation fan; thus, an 
ON-OFF ventilation control is sufficient. Two problems in 
creating a feedback system are pressure measurement and 
cost. In our application, a pressure on the order of several Pa 
with very low frequency must be measured, but there are no 
suitable low-cost and highly sensitive sensors. 

 

Here we present a simple feedback system that uses a 
ventilation fan as the actuator as well as a highly sensitive 
sensor for feedback. The ventilation fan cannot be used as 
the actuator and sensor simultaneously, so it is used in a 
time-sharing manner. This idea could be applied to any 
actuators that contain an internal feedback with reversibility 
characteristics. Motors with a coil and magnetic fields have 
internal feedback; they act as a motor when electric energy 
is supplied and as a generator when mechanical energy is 
supplied. Piezoelectric devices also have internal feedback.  
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2. LITERATURE SURVEY 

 

This paper presents the use of the actuators as sensors has 
been studied in the fields of self-sensing actuation, sensor 
less actuation, and shared sensing for reversible devices [1]–
[9]. As electromagnetically actuated systems, the vehicle 
suspension system, vibration isolation platforms, and the 
control of enclosed-sound fields were considered as 
potential applications [1]. A speed-sensor less AC drive 
control system for an induction motor [2], a positioning 
system for a sensor less linear DC motor [3], and a speed-
sensor less direct torque control for an induction motor [4] 
have been investigated. There are also many research 
studies that use piezoelectric devices as self-sensing 
actuators [5]–[9]. The main advantages of the self-sensing 
scheme are 1) the embed ability of the measurement 
technique and 2) its low cost, as no additional sensor is 
required [9]. In addition, ventilation and air conditioning 
account for a large percentage of power consumption [10]–
[12] and have been developed energy-saving heating, 
ventilation, and air conditioning (HVAC) systems [13]–[16].  

The proposed method here is a self-sensing actuation 
technique but is newly applied to a practical ventilation 
problem to verify that the ventilation fan functions as a 
highly sensitive pressure sensor. We will verify the 
feasibility of the proposed ventilation system in a real 
kitchen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig -1: General ventilation feedback control system   

 
 

 
3. SYSTEMS 

 

   Figure 1 shows a general conceptual ventilation feedback 
control system. The pressure difference between the inside 
and outside of the room is measured by a sensitive gauge 
pressure sensor. Based on the measured pressure 
difference, the controller generates a signal to reduce the 
difference, and the ventilation fan feeds external air to the 
room, with characteristics given by a first-order transfer 
function in Fig. 1. 

 

Figure 2 shows the proposed ventilation feedback control 
system in which a ventilation fan is used as an actuator as 
well as a highly sensitive gauge pressure sensor in a time-
sharing manner. Fig. 3 shows the ventilation fan in standstill 
mode with no electric power supplied. When the pressure 
difference between the inside and outside of the fan exceeds 
a certain range, the fan begins to rotate by overcoming the 
friction force of the shaft of the fan, and the basket-type 
induction motor generates AC voltage. In this type of motor, 
there is no magnet but there is iron, which is a magnetic 
substance, to support the basket. The iron support is slightly 
magnetized. If strong magnets were used, they would pull 
the rotor strongly and cogging would occur, impeding 
rotation by external force. In the basket type of induction 
motor, the cogging force is weak and the motor easily 
rotates, generating a low AC voltage. 
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In this case, we use the induction motor not as a generator 
to produce high power but as a sensor to provide a signal 
with low power. Thus, the fan can be rotated with a weak 
external force or small pressure difference. If the output 
voltage of the motor corresponds to the pressure difference 
at which ventilation is required, the controller switches to 
supply power to the fan, as shown in Fig. 3, and external air 
is taken in; this condition continues for a certain period and 
then returns to standstill mode to monitor the pressure 
difference. This system is automatic. In the exhaust period, if 
any window or exhaust hole is fully open, the pressure may 
not decrease and ventilation may not be carried out by the 
system. If for some reason all of the windows, doors, and 
holes are closed, the pressure decreases and ventilation is 
required, and the system carries out ventilation. Thus, the 
system works when required. 

 

 

                

 
 
 
 
 
 
 
 
Fig -2: Feedback system using a fine gauge pressure sensor 

 
 
 
 
 
 
 
 
 
 
 
 
 
                   
Fig -3: Feedback system using ventilation fan as a pressure 
sensor 
 

4. EXPERIMENTS 
 

Figure 4 shows the ventilation fan used, and Table I shows 
the specifications. This is the smallest type of ventilation fan 
available. 

4.1 Characteristics as a Gauge Pressure Sensor 

 
Figure 4 shows the experimental setup used to investigate 
the characteristics. The calibrated manometer detects 
pressures in the range of 0.0001 Pa to 20 Pa with a cut-off 
frequency of 10 Hz. 

 
 
 
 
 
 
 
 
 
 
 
 
Fig -4: Ventilation fan used in the experiment  

 

Table -1: Specification of Ventilation Fan 

 
     

 Model number   V-06PC5 
 Power   1.5 W 

 Air flow   85 m3/h 

 Noise   15 dB 

 Weight   0.45 kg 

 Voltage of power   AC 110 V 
     

 

The exhaust fan, which is the same as that for ventilation 
shown in Fig. 5, was installed at one side of an air-sealed box 
of volume 0.125 m3 with a window. Another ventilation fan 
was installed on the other side as the aeration fan. When the 
exhaust fan is working, the pressure in the box decreases. 
The negative pressure in the box is adjusted by opening or 
closing the window, and the pressure is measured by the 
manometer. The output voltages from the manometer and 
aeration fan are recorded on a personal computer through 
an A/D converter. 

Figure 5 shows the output pressure and AC voltage output 
measured in a step-response manner just after switching on 
the exhaust fan. The output of the exhaust fan is delayed 
compared with the output of the manometer. The time 
constant of the manometer was 0.9 s, and that of the 
ventilation fan was 1.6 s. This is because of the time delay 
for the revolution force of the fan to become greater than 
the friction force. The cut-off frequency of the ventilation fan 
gauge pressure sensor is 0.1 Hz, which is insensitive to 
sudden pressure changes such as the opening or closing of a 
door.  
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Fig -5: Experimental Setup  

 
Chart 1 shows the pressure vs. voltage characteristics. The 
ventilation fan works as a frequency-type gauge pressure 
sensor and its output is obtained in the form of frequency. 
Chart 2 shows the pressure vs. frequency characteristics. 
Both outputs show a linear relationship with pressure. As 
shown in Fig. 5, the fan begins to rotate at a pressure of 2.0 
Pa; thus, a pressure less than 2.0 Pa cannot be measured. The 
linear regression of the plots is shown in Chart. 1 and Chart. 
2 are calculated and expressed as flows: 
 

v = 0.04 p - 0.001 with R2 = 0.98 for p > 2 Pa 

f = 1.1p + 0.75with R2 = 0.97 for p > 2 Pa 
 

Thus, the pressure is measured by the amplitude or 
frequency of the voltage of the aeration fan as follows: 

p = 25 v + 0.025 for v  > 0.05V 

p = 0.91 f - 0.68 for  f  > 3 2.Hz 

 
 
 
 
 
 
 
 
 
 

Chart -1: AC Voltage Vs Pressure 

 
 
 
 
 
 
 
 
 
 
 

Chart -2: Frequency Vs Pressure 
 

This pressure is very low, since most sensitive industrial 
gauge pressure sensors require a minimum pressure of 
around 3 Pa, which is higher than that of our ventilation-fan 
type of sensor. 

4.2 Automatic Ventilation System 
 
Figure 6 shows a flowchart of the control sequence. When 
the fan is at a standstill, it is disconnected from the AC power 
supply, is in windmill mode, and monitors the pressure 
proportional to the voltage generated by the induction 
motor. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig -6: Flow chart of the control sequence 
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Once the voltage exceeds 0.12 V, which corresponds to a 
pressure of 3 Pa, the circuit switches on, connecting the 
terminal to the AC power supply and performing aeration for 
10 s, and then returns to standstill mode to monitor the 
pressure. 

                                          6.1 m 

2.2 m A 

B 

3.8 m   

 
 
 
                        2.9 m 

 

Fig -7: A kitchen of 43.5 m3 volume with 810 m3/h 
exhaust fan in the range hood. 

5. EXPERIMENTS RESULTS 
 

The performance of the automatic ventilation sequences 
shown in Fig. 7 was examined. The experiments were carried 
out under an experimental setup as well as in an actual 
kitchen. When a window is opened, the pressure returns to 
atmospheric pressure, and the exhaust fan remains at a 
standstill. Figure 7 shows the floor plan of the actual kitchen 
where there was an 810-m3/h exhaust fan in the range hood. 
At the maximum exhaust setting, the pressure decreased to -
9.0 Pa. 

We set the ventilation fan in Fig. 4 with an air flow of 
85m3/h, which is the same as shown in Fig. 4 as the control 
ventilation fan. The solid curve shows the case when the 
exhaust fan is on and no control is applied. The pressure 
decreases -3.0 Pa from atmospheric pressure and remains 
low. The dotted curve shows the pressure when the 
controller works, and every other 10 s it exhausts air and 
increases the pressure from -3.0 Pa to -1.2 to -1.5 Pa. 
Because the capacity of the ventilation control fan is a tenth 
less than that of the exhaust fan, the pressure cannot reach 
0.0 Pa, but the controller worked well in the actual kitchen.  

 From the experimental results, the proposed system 
worked. In an automatic manner without manually switching 
on the ventilation fan or opening a window when exhausting 
Furthermore, in comparison with the new type of ventilation 
system in which room air is exhausted and aerated 
simultaneously even if aeration is not necessary, the 
proposed system works when it is necessary, which prevents 
wasteful consumption of energy. 

CONCLUSION 

 
This paper described a time-sharing control scheme by 

using an actuator as a sensor for automatic room 
ventilation control when a ventilation fan was used both 
for ventilation and as a highly sensitive low-frequency 

pressure sensor for ON-OFF feedback control. The control 
system requires only a simple switching circuit to switch 
on the power supply when the AC voltage generated by the 
induction motor in the fan acting as a windmill exceeds a 
specified threshold value. The circuit can be installed in a 
power supply casing. The ventilation fan is highly sensitive 
as a pressure sensor with low-pass filtering. The minimum 
pressure detectable by the fan was 3.0 Pa, and the cut-off 
frequency was 0.2 Hz. These values are sufficiently 
sensitive in gain for the fan to be used as a pressure sensor 
to detect negative pressure in an airtight room owing to 
exhaustion, and to reduce the negative gauge pressure. 
They are sufficiently low in cut-off frequency not to be 
sensitive to rapid changes in pressure caused by a door 
opening and closing. 

The proposed ventilation system provided the automatic 
self-sensor-based aeration control that measures the fine 
pressure decrease in the room using the aeration fan itself. 
The system makes persons free from switching on the 
aeration fan or opening a window when exhausting air. 
Furthermore, it works when it is necessary, whereas the 
conventional new type of ventilation systems exhaust and 
aerate simultaneously even if the aeration is not 
necessary, which wastes energy. 
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