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 The performance parameters such as viscosity, humidity and pressure of the 

gear box lubricating oil should be monitored and controlled to improve the 

efficiency of the windmill. The recent technique like IoT is used for the 

continuous transmission of bulk data of these parameters from one machine to 

other machine which is situated in remote locations. Also, the development of 

mobile technology and web made the live monitoring easier. Thus, 

transmission and sharing of data takes place without any time delay. The 

technology also helps to completely eliminate the assistance nearby the site. 

The large wind farms in coastal areas are easily and continuously monitored 

and the data are recorded from remote locations with the mobile technology 

having internet connections. This paper also reports the design of MEMS 

viscosity sensor, MEMS humidity sensor and MEMS pressure sensor for 

continuous monitoring of the lubricating system. The main advantage of 

implementing MEMS devices is to reduce the size and cost and also the 

sensitivity is improved. Along with IoT, smart sensor technology is also 

introduced in the monitoring which avoids the serious problems that occur in 

wind mills. 
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1. INTRODUCTION 

The physical web concept along with smart sensor for automation in monitoring of wind turbine led 

to have an impact on sustainability. Now a days smart grid devices are interconnected with web technology. 

Each physical device is having unique address. The main advantage of IoT is billions of objects can be 

connected and monitored at the same time. If control also to be done along with monitoring then bidirectional 

communication is done for transferring and exchanging the data between the physical objects. The advantage 

of such a technique is it is more robust and scalable [1, 2]. 

The important function of gear box is to increase rotational speed from a low-speed rotor to a higher 

speed electrical generator. The lubrication system designed should be reliable so that It can prevent the oil from 

contaminations and moisture and perform effectively for all the changes in the rotational speeds of the gearbox 

even during wide changes in temperature. scuffing occurs due to the movement and transfer of small 

particulates from the teeth which will form unnoticeably due to the breakdown of the lubrication film under 

heavy loads. The improper maintenance of film thickness also makes cracks on the surfaces which results in 

micropitting. The factors which maintain the film thickness are speed, load, temperature, roughness and also 

the chemical composition of the lubricant. 

The gearbox which is situated at a height of 300 feet and also installation in rough seas made difficult 

to access the tower for maintenance and oil draining. currently the oil drain interval is 8 and 12 months. The 
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oil maintenance, earlier detection of failure in lubrication and the expectations of the new generation oils in 

future will extend the drain interval to even six years. The synthetic oils such as PAOs (Poly Alpha Olefin), 

PAO/ester Blend and PAGs (Polyalkalene Glycol) provide excellent viscosity, longer life, can be used for a 

wide range of temperature changes, hydrolytically stable and resistance to micropitting. 

 

 

2. BASIC ARCHITECTURE OF WECS REMOTE MONITORING 

Wind energy is one of the most important renewable energy sources. Since the cost of maintenance 

and implementation of windmill is very high, continous monitoring is required. The most serious problems 

occurs due to the mechanical failure of wind turbine. The most important failures in sensitive regions like gears 

and gearboxes are susceptible to faults which mainly affect the production of energy in wind turbines. Hence 

we reduce the fault and failures of the moving object such as gear boxes by introducing smart technology in 

continuous monitoring [3, 4]. 

The problem in gear box leads to other electrical and mechanical faults in generators, grids or 

electrical system and the converter section. The monitoring of all the parameters using IoT provides security 

from the electrical and mechanical faults. The block diagram of the architecture of wind energy conversion 

system with monitoring as shown in Figure 1. 

A wind turbine is a device that converts the winds kinetic energy into electrical power. Wind turbine 

is made up of different components used for the conversion of electrical energy. Gear box in wind turbine is 

used to increase the rotational speed and then connected to the higher speed electrical generator. The rotor 

blades which are exposed to wind, forces to start rotation of the blade. As the rotor spins, the shaft also rotates 

with the same speed [5, 6]. 

 

 

 
 

Figure 1. The Architecture of Wind Energy Conversion System with Monitoring Devices 

 

 

The gearbox now converts the slow speed into a faster rotating speed. Then it is connected to the 

generator. Various sensors such as viscosity sensor, humidity sensor and pressure sensor were used in the 

gearbox for oil condition monitoring. Using IoT, the sensors are connected and also monitored. The connected 

devices which enables remote monitoring and transmission of information between machine to  

machine communications. 

 

 

3. BLOCK DIAGRAM OF IoT BASED MONITORING SYSTEM 

Using IoT, the physical devices such as humidity sensor, pressure sensor and viscosity sensor are 

connected with the internetwork and the necessary electronics, software, sensors were embedded and the 

information between the physical devices were transferred and exchanged. The block diagram of IoT based 

monitoring system is as shown in Figure 2. 

The implemented system consists of a microcontroller (ATmega328) as a main processing unit for 

the entire system and all the sensor and devices can be connected with the microcontroller. The sensors can be 

operated by the microcontroller to retrieve the data from them and it processes the analysis with the sensor data 

and updates it to the internet through Wi-Fi module connected to it [7, 8]. 
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Figure 2. Block Diagram of IoT Based Monitoring System 

 

 

The system designed consists of a microcontroller cortex-M4 CC 3200 as a main processing unit and 

the sensors such as viscosity, humidity and pressure are connected to themicrocontroller. The high performance 

CC3200 is the first single chip microcontroller with built in Wi-Fi connectivity for the Launch Pad TM system. 

This simple Wi-Fi CC3200 device is a wireless microcontroller that integrates a high performance ARM Cortex 

M4 microcontroller allowing customers to develop an entire application with a single IC. The CC3200 Launch 

Pad is a low cost evaluation platform for ARM CortexTM M4F-b and microcontroller. This Launch Pad 

highlights about the Internet on a chip solution and Wi-Fi capabilities. The expansion of launch pad can 

increase the interfaces such as graphical displays, environmental sensing and more. The block diagram of 

monitoring system as shown in Figure 3. 

 

 

 
 

Figure 3. The Block Diagram of Monitoring System 

 

 

IoT – Blynk cloud is a platform with IOS and android apps to control IoT development boards. It is 

also used to control ardino and Raspberry pi. It is digital dahboard where you can build a graphic interface for 

your application by simply dragging and dropping widgets. 

 

 

4. DESIGN OF VISCOSITY SENSOR 
The viscosity of the lubricating oil is measured with a help of Micro Electro Mechanical systems 

(MEMS) based viscosity sensor [9, 10]. The design of the sensor as shown in Figure 4. 



IJAAS ISSN: 2252-8814  

 

IoT Based Oil Condition Monitoring of Wind Turbine Gearboxes … (L. Chitra) 

171 

 
 

Figure 4. The Layout of the Viscosity Sensor 

 

 

The diaphragm made up of silicon nitride is acting as the sensing medium. A thermal actuator made 

up of polysilicon and PSG is placed over the diaphragm. Initially the thermal actuator generates vibration 

because of the application of current .the frequency of oscillation is measured [11]. 

The viscous force generated in the fluid interact with the diaphragm and the excited thermal actuator 

will vibrate and the force generated interacts with the force generated by the viscosity of the fluid .the net 

displacement of the diaphragm is measured with the piezoresistor and the corresponding output will be directly 

proportional to the viscosity of the fluid. The piezoresistor is made up of polysilicon.The variation of the 

potential as shown in the Figure 5. 

 

 

 
 

Figure 5. Variation of Potential Due to Change in Viscosity 

 

 

5. DESIGN OF HUMIDITY SENSOR 

The structure of the sensor is a cantilever type which is coated with a layer of graphene oxide on the 

copper substrate. The designed humidity sensor as shown in Figure 6. The sensitive layer absorbs the humidity 

and so the mass of the cantilever increases which in bends the cantilever. 
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Figure 6. Cantilever Type Humidity Sensor 

 

 

The displacement profile of the cantilever type humidity sensor is analysed and shown in Figure 7. 

Simulation of the paddle shaped humidity sensor is analysed using comsol Multiphysics. The moisture content 

absorbed is calculated using gravimetric method. The weight of the wet sample and dry sample is found and 

then calculated the percentage of humidity absorbed by the graphene oxide film. The fabrication of this type 

of humidity sensor is easy and the cost is also reduced. 

 

 

 
 

Figure 7. Displacement Analysis Using Comsol Multiphysics 

 

 

6. DESIGN OF MEMS PRESSURE SENSOR 

The pressure measurement is the most important parameter to be done for oil analysis. A novel 

technique is used for the measurement of pressure [11]. There are two plates upper and lower plate fabricated 

with comb structure on either side of the plates. The sensitivity of the structure is improved by connecting a 

diaphragm to the movable plate [12]. The diaphragm is coupled to the movable plate. When the oil pressure 

changes, the diaphragm gets deflected and the movable plate also gets deflected. The change in distance 

between the plates causes the capacitance to change. The change in capacitance is proportional to the pressure 

generated in the oil [13, 14]. 

The device is said to be more sensitive since any smallest change in the pressure is measured by the 

diaphragm [15]. The diaphragm is having direct contact with the pressure sensing medium. The structure of 

the pressure sensor as shown in Figure 8. 
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Figure 8. MEMS Pressure Sensor 

 

 

The upper and the lower comb plate is made up of gold and the diaphragm is made up of Aluminium. 

The simulation model was fabricated using comso multiphysics. The analysis is done by applying pressure to 

the design. The displacement profile of the movable plate and the diaphragm as shown in Figure 9. 

 

 

 
 

Figure 9. Pressure Analysis Using Comsol Multiphysics 

 

 

7. RESULTS 

The continuous monitoring of the windmill reduces the downtime and losses due to damage ensured 

by the system. The system for monitoring is thus designed and the embed is interfaced to sensors. The status 

of the monitoring system is displayed automatically and the fault is automatically sent to the Gmail account 

also. This automatic monitoring system when combined with IoT based data base, is used to access the real 

time data from anywhere with only the cellphone app. Thus the energy efficiency is improved and also proper 

maintenance of the system is installed due to early, fast and real time fault detection and diagnosis. Also the 

sensors damages, expensive repair and production losses can be avoided. Smart Windmill Gear box monitoring 

system is done using mobile application as shown in Figure 10. 

 

 

  
 

Figure 10. Smart Windmill Monitoring System 



                ISSN: 2252-8814 

IJAAS  Vol. 5, No. 4,  December 2016 :  168 – 175 

174 

It consists of an embedded system which is interfaced to sensors and other control devices for 

monitoring and also be controlled. The necessary data such as viscosity, humidity and pressure of the 

lubricating system is monitored and any deviation in the value occurring in the system is monitored in the 

mobile as well as automatically it will give a buzzer sound. The monitoring done using mobileapp as shown in 

Figure 11. 

 

 

 
 

Figure 11. Smart Wind Turbine Monitoring Using Mobile App 

 

 

The complete details and status of the system will be automatically sent to Gmail also. The screen 

shot of the mail received during abnormalities as shown in Figure 12.  

 

 

 
 

Figure 12 Screenshot of the Mail Received During Abnormalities 
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With the help of this, it is easy for us to monitor the performance of the windmill. Also monitoring 

can be done anywhere since the data is continuously transferred to the mobile we can also include many 

parameters for monitoring using this system. So IoT based remote monitoring will improve energy efficiency 

of the system. The implementation of this application help us to have an easy and fast real time monitoring so 

that early detection of serious problem in lubricating system is also possible. 

 

 

8. CONCLUSIONS 

Internet of things is a physical transfer of information taking place between machine to machine and 

also between person to computer.Thus IoT is correlated with smart sensor technologies such as WSN, 

Nanotechnology and miniaturaization. The rapid advancement in internet Technologies are utilized for the 

monitoring of parameters of Gear box Lubricating system. The increase in users of internet due to advancement 

of internet connected mobile devices such as smart phones and tablets enables the networking of  

everyday objects. 
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