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Abstract: This work describes the consequence of graphene 

oxide on the paddle shaped cantilever structure for the 

measurement of humidity in oil condition monitoring .The oxides 

present in the graphene has an significant effect in absorbing the 

content of water that available in the earth. The model for 

humidity sensor is designed and simulated using comsol 

Multiphysics. Various structures were simulated and the best 

structure is chosen for designing the humidity sensor. Graphene 

oxide was chemically synthesized from graphite powder. Thin film 

of GO was deposited on Aluminium substrate using spin coating. 

Various materials were analysed and the best material is coated 

on the substrate for humidity sensing. The samples were 

characterized using Scanning electron Microscope and Xray 

Diffraction methods. The sensitivity is ten times better than the 

conventional humidity sensor. The response time is fast less than 

¼ of the conventional type. The recovery time of the graphene 

oxide based humidity sensor is also less than ½ of the 

conventional one.  

 
Keywords: Comsol Multiphysics, Cantilever, Comb drive 

capacitor, Diaphragm, Membrane, MEMS, thermal actuator, 

Stress. 

I. INTRODUCTION 

Monitoring the parameters of lubrication oil present in 

the gear box lubricating system of the windmill is an 

important task. The parameter such as wear particles, 

humidity and presence of O2 in the oil should be monitored 

continuously so that the reliability of the wind farm is 

maintained. These parameters only ensure the health of the 

gearbox. Also, after a long period of time, the nature of the oil 

changes due to changes in viscosity. The continuous 

assessment should be done on the oil using various sensors to 

monitor viscosity, humidity and presence of wear particles. 

The innovation and development of the micro technology 

provides the opportunity to design a micro sensor for 

measuring the humidity and it can be easily fabricated with 

the electronic components which enable the data to transfer 

from inside the gear box lubricating system to the monitoring 

station. 

In porous materials, the surface and pores present in the 

layer absorb the moisture through some physical or chemical 

reactions. The properties of the material also depend on the 

size of the pore and grains present in the layer. 

The conductivity of the pores present in the layer changes 
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even for a small change in humidity. The requirement of 

humidity sensor is it should have a wide sensitivity throughout 

the range, fast response for a small change  in humidity, 

accuracy in repeated measurements, mechanical strength 

should be good, no reaction to impurities present in the 

atmosphere, small structure and low cost. 

There are many classifications which satisfies the above 

requirements. They are organic, inorganic materials, 

polymers, electrolytes and ceramics. Each type has its own 

advantages and disadvantages. The sensitivity of the sensor 

built upon the surface area in which the micro-pores are 

distributed. The sensitivity can be adjusted by properly 

selecting the dimensions of the particle present in the starting 

material. Also it depends on the other process such as forming 

and sintering. The porous structure is having grains and pores 

formed during the process of sintering. The pores present in 

the surface are important in measuring the humidity since the 

different radii of the pores is a function of relative humidity. 

The condensation of the water molecules takes place inside 

the pores of different radii.  

The presence of functional groups such as carboxyl, 

carbonyl and hydroxyl makes it hydrophilic. The hydrophilic 

nature makes it completely soluble in water. So it is used for 

humidity sensing. In this paper, humidity sensor is designed in 

paddle shape, with a coating of grapheme oxide with two 

leads of wire. Due to the absorption of water molecules on the 

surface of the grapheme oxide, the impedance of the layer 

changes. As the humidity changes, the resistance between the 

leads also changes. So this can acts as humidity sensor. 

The common materials used in the design of humidity 

sensor are polymers, metal oxides which absorb moisture 

Metal oxide humidity sensors have superior advantages 

when compared to polymer type of humidity sensors. The 

important advantages are its potential power, hot capability 

and protection to chemicals. The ceramic materials also 

divided into macro porous, meso-porous and micro-porous. 

The meso-porous is considered to be the best size for the 

absorption of humidity which is having the size in the range of 

2 to 50nm.Porosity is an important parameter since it decides 

the active portions for the absorption of moisture. The time 

taken for the response of the sensor also depends on the 

porosity [1]. 

Graphene oxide film is also used for humidity sensing 

Compared to the performance of grapheme oxide and metal 

oxides it is found that go type has good sensitivity [2].  

II.  PROPOSED METHODOLOGY  

A. Sensor  Design  

The article presented a MEMS 
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humidity sensor for online monitoring of moisture 

gratification of substance in the grtease (oil). The deformation 

of the sensor is analysed and simulated. When there is a 

presence of moisture, the mass of the cantilever increases and 

hence there is a deflection .The sensitivity of the structure and 

sensor output can be analysed [3-5]. 

Micro-cantilever sensors are the simplest and most 

promising structure of design used in the measurement of 

humidity. The basic principle of humidity sensor is measuring 

the deformation or bending of the cantilever beam. The mass 

of the cantilever increases when the absorption of analytes 

gets increased. The increased mass of the cantilever is due to 

the binding of analytes present. Thus qualitative and 

quantitative analysis can be carried out [7-10]. 

MEMS Humidity sensor is designed with a thin   sensing 

film over the substrate. The film is made up of graphene 

oxide. Graphene oxide is set by customized hummer’s 

technique [19-20]. The paddle shaped cantilever structure is 

designed and the graphene oxide film is formed by spin 

coating. The absorption of humidity by the thin film coated on 

the substrate of the sensor increases the bending of the beam.  

This film absorbs the water molecules. The change in the 

amount of water vapour molecules present in the oil of 

lubricating system makes some physical and chemical 

interactions with the sensing film and there is a change in   

deformation due to the absorption or diffusion process 

[11-14].  

The sensor should be fabricated such a way the sensitivity 

has a good linear response. The deflection and maximum 

deflection or deformation can be designed hypothetically by 

the method as shown in equation (1) and (2) .The material 

used for the fabrication of the sensing film was graphene 

oxide. 

 

 

Fig. 1. Deformation of the MEMs cantilever structure  

Deflection at any section 

)46(
24

22
2

lxlx
EI

x
Y 


                                      (1) 

 

Max deflection 

EI

l

8

4

max


                                                                     (2)          

                                                          

 

Y=deflection 

ω= distributed load 

E=modulus of elasticity 

i=length of the cantilever beam 

I=moment of Inertia 

E=modulus of elasticity 

B. Sensor  Design Optimization 

This paper explains the simulated model of cantilever type 

humidity sensor. The cantilever sensor is made up of 

polypropylene substrate. The prepared graphene oxide is 

coated over the substrate acts 9:02 AMas the sensing material 

[]15-16]. The water vapour present in the oil is absorbed by 

the graphene oxide and there is an expansion in the structure. 

The expansion forces the cantilever beam to bend and induces 

stress .The stress induced because of graphene oxide swelling 

is proportional to the relative humidity. The model described 

is simulated using Comsol Multiphysics [17-18].  

First analyses were done for designing the structure of the 

sensor. Various structures such as rectangular type, V shape 

and Paddle type MEMS humidity sensor were designed and 

simulated using Comsol Multiphysics. It is proven that the 

paddle shaped structure has good sensitivity towads the 

deformation compared to rectangular and v shaped structure 

[6]. 

The dislocation shape for the row shaped cantilever 

category humidity sensor was obtained by static analysis as 

shown in Fig. 

 

 
Fig. 2. Simulated result of paddle shaped type humidity 

sensor  

The various structures has been designed and analysed and 

the values of displacements for rectangular, V shape and 

Paddle shapes are given in Table 1.  

Table 1. Displacement analysis for various structures 
Structure Displacement (µm) 

Rectangular Shape 3,000 

V Shape 7,000 

Paddle Shape 20,000 

III. EXPERIMENTAL SETUP  

A.  Materials 

 Graphite Powder 

 Hydrogen per oxide 

 Concentrated sulphuric acid 

 Deionized water 

 Pottasium 

permanganate 

B. Material Synthesis 
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Graphite powder was mixed with dilute hydrogen per oxide 

and concentrated sulphuric acid. The mixture was 

continuously stirred. After 8 hrs, the mixture was added with 

deionised water. The mixture is vacuum dried. Again 

deionised water is mixed and added with dilute hydrogen per 

oxide. The mixed is washed carefully and dried under 

vacuum. The hydrazine hydrate is added to the resultant solid 

graphene oxide which is dispersed in deionised water. After 

three days of room temperature, a black graphene oxide 

powder is obtained. 

C. Characterization 

The designed sensor can be imaged using Scanning 

Electron Microscope. To analyse the different materials 

present in the Graphene Oxide layer, X-ray diffraction 

process was also carried out.  

D. Measurement  of Humidity in Graphene Oxide 

Sample Using Gravimetric Method 

The humidity present in the graphene oxide can be 

expressed in terms of weight as the ratio of weight of water 

present in the dry to the dry weight of the graphene oxide 

sample. The graphene oxide weight was measured by 

gravimetric method which is shown in fig.3 

The moisture content is captivated by the graphene oxide is 

measured by drying the graphene oxide to constant weight 

and measuring the graphene oxide sample mass after and 

before drying. The amount of moisture content is the 

difference between the weights of the wet and dry samples. 

The drying of the graphene oxide is done by heating the 

sample in an oven at around 100°C.This temperature is the 

boiling point of water content present in the sample and so it 

does not change any physical or chemical characteristic of the 

sample.  

 

Fig. 3. Humidity measurement using gravimetric method 

Procedure 

   Weigh the glass pan 

   10 gm of graphene oxide sample is taken in the pan. 

   The weight of the sample after absorption of 

moisture is measured the recorded weight is for the 

wet sample (after absorption) and glass pan. 

    The ample is heated in the oven for a temperature of 

around 100°Cand dried. 

   Now the dry sample is weighted along with the glass 

pan. 

   Now we can calculate the moisture content with the    

formula. 

 

 

IV. RESULTS AND DISCUSSIONS  

In this study, the relative humidity is measured for various 

values of temperature. The relative humidity is measured by 

gravimetric object for different values of temperature and the 

plot is drawn between the temperature and Relative humidity 

as shown in Fig.4. 

 

Fig. 4. Relative humidity variation for different values of 

temperature 

A plot is drawn between different days having different 

exposure to moisture and the corresponding relative humidity 

is calculated. The plot drawn for days and relative humidity is 

shown in Fig.5. 

 

Fig. 5. Relative humidity variation for different days 

V. FABRICATION OF THE SENSOR  

Graphene oxide based cantilever type humidity sensor was 

fabricated .First the structure of displacement type of sensor is 

arranged. Then various structures like as rectangular type, V 

shape and paddle type were analyzed and from the simulation 

it is proven that paddle shaped MEMS humidity sensor has 

good sensitivity. The next step was the production of sensor 

by graphene oxide as the sensing material over by paddle 

shaped structure. The property of humidity was examined by 

doing characterization. Fig 6 shows the magnified image was 

characterized used through Scanning Electron Microscopy. 

(SEM).The Result for X ray Diffraction is shown as in Fig 6. 
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Fig. 6. SEM image of prepared Graphene  Oxide. 

 

Fig. 7. X ray Diffraction of prepared Graphene  Oxide 

VI. CONCLUSION 

The proposed MEMS humidity device in this paper will be 

an effective sensor for monitoring the humidity of the oil in 

gear box lubricating system. Graphene oxide nano materials 

were successfully characterized and synthesized. The nano 

material obtained after synthesis was heated at various 

temperatures.XRD and SEM confirmed the formation of 

Graphene oxide nano material over the paddle shaped 

humidity sensor structures. The average particle size was 

greater and the porosity of the coated material increases with 

increasing temperature. The work done is a multidisciplinary 

engineering .The progress of this device arranges a significant 

fast response in measuring the humidity of lubricant oil 

condition monitoring and also the cost is reduced.  
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