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Abstract—Testing of oil viscosity sensor based on plastic optical fiber by using bending angle variation method to enhance the sensor sensitivity. This sensor is made by forming an optical fiber bending angle, it is dipped into the oil viscosity liquid. The light transmitted through into the optical fiber will be received by the photodetector and the measurement results are displayed on the OPM in the form of output power. The best measurement obtained at the bending angle of 300 with value of sensor sensitivity is 1.013 nW/mPa.s. This method has the advantage of high sensitivity in a simple measurement process.
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Introduction
The growing use of optical fiber technology has a good impact on sensor applications in various monitoring fields. The application of optical fiber sensors can effectively improve vital sign monitoring and infrastructure maintenance [1][2]. Optical fiber technology has provided innovative and efficient solutions for complex monitoring. Optical fiber has advantages such as distributed monitoring, good cable durability, long-term stability and reliable response [3]. 
Optical fiber works to transmit information through the medium of light. There are two types of optical fiber, namely glass and plastic optical fibers. Plastic optical fiber is stronger and more durable than glass optical fiber [4]. Fiber optic sensors have been widely used for measurements such as measurement of solution density and temperature [5][6], monitoring volatile organic compound (VOC) gas and liquid level [7][8], oil viscosity [9], etc,
Research about sensor based on plastic optical fiber for measuring oil viscosity has been developed in application of sensor based on temperature change. This sensor is used to measure the oil viscosity on the extrinsic system design using the back scattering method. The back scattering method was then developed to measure the oil viscosity on the intrinsic system design in sensor sensitivity testing. This method has weaknesses such as a complicated measurement process and low sensor sensitivity [10][11]. Thus, research will be developed on sensor sensitivity testing in measuring the oil viscosity level based on plastic optical fiber by using the bending angle variation method. The bending of sensor greatly affects to the power losses that occur in the optical fiber. The greater the power losses that occur, the sensitivity of the resulting sensor enhance. This research is expected to be able to produce a high sensor sensitivity in a simple measurement process.
Research Methodology
This research uses an infrared LED light source type IF-E91A which is transmitted through a step index type plastic optical fiber made of polymethyl methacrylate (PMMA). This type of optical fiber has a core 0.98 mm, cladding 1 mm, and coat 2.2 mm. The transmitted light is then received by the photodetector type S120C with a wavelength of 400-1100 nm. The photodetector is connected to an OPM (Optical Power Meter) type Thorlabs PM100D to display the sensor output power. Oil viscosity samples were measured by using a viscometer consisting of 10 types of samples that have viscosity variations between 270-350 mPa.s from various types of Mesran SAE 20W-40 and 20W-50 oil blends. The design of the oil viscosity sensor can be seen in Figure 1.[image: ]
LED
Photo
detector
Optical fiber
Optical fiber holding
Oli sample
θ






Figure 1. Design of oil viscosity sensor based on optical fiber by using bending angle variation.

Figure 1 shows design of sensor based on optical fiber. The coat of optical fiber peeled and then it is bent with several variations. The output power of sensor displayed on the OPM is then analyzed to determine the value of the sensor characteristics by using the equations of range (1), sensitivity (2), and resolution (3) below [11]:


                      (1)


		                     (2)


		                                         (3)

Where, ∆P is range of the output power, S is sensitivity of sensor, R is resolution, K is oil viscosity, and N is the smallest scale value for OPM of 0.001 µW.
Results and Discussion
Testing of the plastic fiber optic sensor for measuring the oil viscosity level was carried out using variations in the peel length of sensor, namely 0.5 cm, 1 cm, and 1.5 cm. This testing uses constant bending angle of 900. The results of these measurements can be seen in Figure 2.
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Figure 2. Graph of the output power of sensor on the peel length variation

Based on the graph, Figure 2 shows that the sensor output power decreases with increasing oil viscosity. Increasing the viscosity of the oil causes the refractive index of liquid increases, so that the output power decreases. In addition, the peel length of sensor greatly influences from the measured output power value. The value of light intensity received by the photodetector decreases with the increasing in the peel length of sensor. The smaller of the measured light intensity, the power losses increase. The biggest power losses can be seen in the type peel length of 1.5 cm.
The data from the measurement of oil viscosity level on the peel length variation of sensor were analyzed by using equations (1), (2), and (3) can be seen in Table 1.

Table 1. Characteristics of sensor on peel length variation
	Characteristics of 
Sensors
	Peel Length (cm)

	
	0.5
	1
	1.5

	Range (nW)
	18.000
	45.000
	63.000

	Sensitivity (nW/mPa.s)
	0.225
	0.563
	0.788

	Resolution (mPa.s)
	4.444
	1.778
	1.270



Table 1 shows that the sensor characterization value is influenced by the sensor peel length. The sensor peel length increased causes the range and sensitivity of the sensor increases. Sensitivity of sensor increases causes resolution of sensor decreases. Increasing of sensor sensitivity caused by the increasing of losses power [12]. The best sensitivity sensor from the sensor peel length is shown at a peel length of 1.5 cm with a value of 0.788 nW/mPa.s.
Furthermore, sensor testing was carried out using constant peel length of 1.5 cm with the sensor bending angle variation of 300, 600, and 900 shown in Figure 3.
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Figure 3. Graph of the output power of sensor on the bending angle variation

The graph in Figure 3 shows the value of the sensor output power decreases when the smaller bending angle. Decreasing of the bending angle causes the losses power increases, so that light intensity received by photodetector decreases. The biggest losses power can be seen at type bending angle of 300. The data of oil viscosity measurement result using bending angle variation analyzed by using equations (1), (2), and (3) shown at the Table 2.

Tabel 2. Characteristics of sensor on bending angle variation
	Characteristics of 
Sensors
	Bending Angle (0)

	
	30
	60
	90

	Range (nW)
	81.000
	72.000
	63.000

	Sensitivity (nW/mPa.s)
	1.013
	0.900
	0.788

	Resolution (mPa.s)
	0.988
	1.111
	1.270



Characteristic values of sensor shown at Table 2 influenced by bending angle of sensor. Sensitivity of sensor increases caused the smaller bending angle. Sensors that are getting bent cause the losses power increases, so that the sensitivity of sensor increases [12]. The best sensitivity showed at bending angle of 300 is 1.013 nW/mPa.s. The result of this research has sensitivity value more enhance compared to previous research by using back scattering method is 0.205 nW/mPa.s [11]. The advantage this method is high sensitivity in the simple measurement process.
Conclusion
The output power of sensor influenced by peel length of optical fiber sensor. Increasing peel length cause the losses power increases, so that the output power decreases. Likewise with the bending angle decreases causes the losses power increases, so that the output power decreases. Enhancing of the losses power based on plastic optical fiber sensor cause the sensitivity enhances. The best sensitivity in the oil viscosity measurement showed at the bending angle of 300 is 1.013 nW/mPa.s.
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