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ABSTRACT
Indonesia need for electricity predicted increase every year, this can cause Indonesia to become an energy importer in the coming year. These problems can be overcome by developing alternative energy, one of which is utilizing waste vibration energy or pressure energy from the movement of motorized vehicles, cars and pedestrians and even gusts of wind in the use of piezoelectric speed bumps. Piezoelectric is an energy harvester. Piezoelectric with cantilever mechanism produces vibrations and deflections repeatedly, causing electrical voltage. Piezoelectric speed bump designed in this study consists of a speed bump system that serves to receive input from motor vehicle pressure, a piezoelectric cantilever system as a component of producing electrical energy and a harvesting energy system as a harvester of energy from piezoelectric material. One system module consists of a piezoelectric parallel circuit connected with a buck converter MB39C811. In this paper, we will discuss the mechanism of design analysis and modeling of piezoelectric power generation systems in bluff body-based speed bumps with cantilever systems to variations in speed of motorized vehicles by means of physical modeling. In the bluff body piezoelectric bump, it is seen that the flow of air as it passes through a triangle section increases in speed so that the vortex produced has a high speed. This is what causes high vibrations in the piezoelectricity so that the maximum electric voltage and the average electric voltage have the highest value. Piezoelectric speed bumps are capable of producing electrical power with 60 times the input of a motorized vehicle over 2,166mWh with an efficiency of 2.87% compared to manual input.
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I. INTRODUCTION
Electricity usage in daily life greatly affects the future. The electricity we use now comes from power plants that use fuel oil, coal, and others. One time the fuel we use will run out. With that we must create Alternative Energy that can be used in the long run (Solly Aryza et al., 2015). There are various examples of Alternative energy, for example we can apply is Electric Piezo. For example the use of electricity in a campus environment, we can replace it with electric piezo. With the example of installing piezoelectric in a speed bump by utilizing pressure force in the campus road area, Installing Buzzer Piezoelectric as a source of electrical energy in campus garden lights (Waheedabeevi & Sukeshkumar, 2012).

Speed ​​bumps or speed bump itself is found in many highways which generally have relatively high interactions between humans and motorized vehicles and therefore speed bumps function to slow down the speed of vehicles going through the road to reduce the risk of accidents. Pressure exerted by motorized vehicles through speed bumps can be utilized for the business of extracting or harvesting electrical energy with the principle of electric Piezo (Kar et al., 2011).

The word piezoelectric comes from Latin, piezein which means squeezed or pressed and electric which means electrical energy. 
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So the understanding of Piezoelectric itself is an energy harvester that can convert vibrations or pressure energy into electrical energy, so that the piezoelectric effect occurs due to the electric fields that are formed because the material is subjected to mechanical pressure (Waheedabeevi & Sukeshkumar, 2012).
Utilization of piezoelectric material can produce a large enough potential difference so that it is widely used as a source of high voltage and medium voltage. Piezoelectric has begun to be used in several Asian countries, one of which is in Japan (A. H. Lubis, 2018).

At this writing explains the analysis of the development of piezoelectricity which is focused on making a mechanical system in the form of speed bumps or basically bumps which is a prominent road with a height of about 3-5 inches which is usually found in areas that have interactions between people and vehicles relatively high motorized, One of which is the campus environment by considering the design and modeling of the harvesting energy system (SBEH) in the form of a bluff body with a cantilever system. With the utilization of pressure or vibration generated by motorized vehicles or cars and even pedestrians through campus roads to harvest or produce alternative Piezoelectric energy. The goal is to be able to know the working principle of electric piezo electric energy harvesters and to know the effects that occur in the design and modeling of a harvesting energy system in the form of a bluff body with a cantilever system (Hesari & Sistani, 2017).

2. LITERATUR REVIEW

Harvesting energy (harvesting energy) is a way of collecting energy from a source until it is ready for use as needed. This concept makes it possible to harvest small amounts of energy and collect them during the energy harvesting process. The speed bump system scheme is designed as follows
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Figure 1.  schematic of a piezoelectric speed bump system
Vehicle tires will put pressure on the piezoelectric speed bump system and cause changes in mechanical energy to vibrational energy. Vibration energy will be transmitted to the cantilever system, causing the piezoelectric material to deflect and produce an electric voltage (Mr. Punit L. Ratnani, 2014). 
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The voltage generated is in the form of a series of impulse signals that are not unidirectional. Therefore, this signal needs to be rectified with a buck converter such as MB39C811, while further use to charge the battery requires a charging module  (Melo et al., 2012). 
2.1 Piezoelectric material
Piezoelectric material is a material made of silicon or germanium which is capable of producing electrical energy when deflected (direct piezoelectric) otherwise, when given a voltage will be deflected (inverse piezolectric). Piezoelectric material can be deflected by being pressured directly or vibrated through intermediate media such as cantilever. Direct pressure will produce piezoelectric stress which is proportional to the large compressive force, but piezoelectric is susceptible to damage. Whereas by vibrating piezoelectric through cantilever mechanism (Waheedabeevi & Sukeshkumar, 2012), it can maintain piezoelectric resistance and produce repetitive deflection in the form of sinusiodal electric voltage with smaller amplitude. Cantilever is a pedestal that is often encountered in a construction by utilizing the nature of rotation and balance. Cantilever can experience vibration when given a momentary pressure at the edges. The nature and characteristics of cantilever are similar to spring mass systems, the cantilever elasticity constant which is influenced by the type of material is the main component that can affect vibration. Vibration that occurs in the cantilever will cause the cantilever to be deflected repeatedly. Deflection of the cantilever is a change in the shape of the beam in the vertical direction due to vertical loading. Deflection is measured from the initial neutral position to the position after deformation has occurred. Deflection of the cantilever is influenced by several factors including: the amount of force exerted (P), the modulus of elasticity of the stem (E), the moment of inertia (I) and the length of the cantilever stem (L). Equation (2.1) states the large relationship of deflection to the cantilever based on these factors (Dzulfikar & Broto, 2016).
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……………………………………………………… (2.1)
2.2 Speed ​​bumps 
Speed ​​bumps or also called speed limiting devices are elevated sections of the road in the form of additional asphalt or cement mounted transversely as a sign for the driver to slow down the speed of the vehicle (solly Aryza, 2017). The development of speed bumps as an energy harvester from motorized vehicles is done by providing a spring system on the speed bump mechanic. A spring is a flexible machine element used to provide force, torque, store or release energy. The springs used are helix-shaped compressed springs adjusted to the compressive force applied by the vehicle. An important indicator in spring design is the spring constant. The spring constant will show the amount of deflection experienced by the spring when it is experiencing a certain force (Solly Aryza, et al, 2017).
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2.3 Sistem Harvesting Energy
The output voltage of the piezoelectric material in the form of a series of impulse signals cannot be utilized directly, so a harvesting energy system is needed. Harvesting energy system consists of buck converter, charging module and storage media. 
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Buck converter is a module that functions to convert a DC voltage into a lower DC voltage which has a certain voltage and current (Konuhova et al., 2010). A converter buck is needed to make the input voltage in the form of an impulse into a more continuous DC voltage. One buck converter that can be used is MB39C811. MB39C811 is an integrated circuit which consists of a full-wave bridge rectifier with low loss power. MB39C811 can be applied to harvest energy from piezoelectric which has a small current. The maximum input voltage from an AC source is 24V with a maximum input current of 50mA (Goyal & Palwalia, 2016).
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Gambar 2. Model interaksi antara SBEH dengan gaya tekan roda depan dan belakang kendaraan

Ketika kendaraan berinteraksi dengan model SBEH, berat kendaraan yang
diberikan pada penutup speed bump akan bergerak secara vertikal ke bawah.
Besarnya gaya tekan roda kendaraan dapat dianalisis dengan persamaan:

Wi W (hr +1).sinf + W.b.cos8 + Rf.cosd
f= (a +b).sinf

(roda depan) (6]

_ W.a.cosf = W(hr +r)sind — Ftr.cosf.y + Rr.cos6.y

wr (@ + b)sinf

(roda belakang) (2)

dengan W, adalah gaya tekan roda depan/belakang (N), Ry adalah rolling
resintance roda depan/belakang (N), y merupakan tinggi lintasan speed bump (m),
W adalah berat total kendaraan (N), Ftr adalah gaya dorong kendaraan pada roda
belakang (N), a adalah jarak posisi titik berat kendaraan terhadap poros roda
depan (m) dan b adalah jarak posisi titik berat kendaraan terhadap poros roda
belakang (m). Sedangkan persaman respon kecepatan turun untuk speed bump
terhadap gaya tekan kendaraan diberikan oleh persamaan sebagai berikut :

Te=twnt

x(t) =

— i t t 3
s (CSwnsinqt + wecosqt) ©)

dimana : [ adalah impuls, m adalah massa kendaraan dan pengendara, @,
merupakan frekuensi natural sistem, @, adalah frekuensi redaman dan { adalah
rasio redaman.

2.2. Simulasi Model SBEH




Figures 2. Interaction model between SBEH with front and rear wheel pressures

When the vehicle interacts with the SBEH model, the weight of the vehicle given to the speed bump cover will move vertically downwards.
2.4 Bluff body
Bluff body is a geometrical structure that functions to separate regular or irregular flow. Streamlined fluid flow that passes through the bluff body will cause the process with high vorticity values ​​so that it allows vortex on the flow. Vortex is a phenomenon measured in streamlines that have large random rotational values. The vortex rotation will make the movement of the affected fluid to be random and Vehicle Mechanical Energy tends to lead to turbulence, if the vortex in the air flow is greater, it can be used as a piezoelectric drive of the cantilever system so that vibrations arise continuously. Illustration of the use of a bluff body as an air flow solver and is applied to the cantilevered piezoelectric system.
III. METODELOGI PENELITIAN


3.1 Modeling the piezoelectric speed bump system
In contrast to conventional speed bumps that provide a fixed height profile, the design of the speed bump based power plant can move up and down and have dynamic interactions with the vehicles that pass through it. By modifying the speed bump so that it can change the kinetic energy and potential speed bump and then converted to electrical energy when moving the generator when the vehicle crosses the speed bump. To simplify the analysis, it is assumed that vehicles passing through speed bumps have a constant speed, thus the horizontal speed of the tire is equal to the speed of the vehicle. The speed of the vehicle is constant when the vehicle passes the speed bump which is 5 km / hour, 10 km / hour and 15 km / hour. A piezoelectric speed bump model can be modeled in a spring mass system. This modeling can be derived into mathematical equations to observe the parameters that affect the piezoelectric output voltage expressed as follows:
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In electrical modeling can be modeled by equation (6) which shows the relationship of deflection in piezoelectric to the voltage generated
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Figures 3. modeling the piezoelectric cantilever system.
 

Based on the modeling, it can be observed that the parameters that affect the piezoelectric output voltage are deflection or piezoelectric changes ((X_Z) ̇). The larger piezoelectric deflection changes will cause the output current and output voltage to increase. Piezoelectric changes ((X_Z) dipengaruhi) are influenced by factors of KSK, bsk, msk, kk, and mk. This parameter is a parameter that can be changed according to the choice of material when making a piezoelectric cantilever system. The right material selection is needed to produce optimal piezoelectric deflection. Other parameters such as kz, bz, mr, Rz, and Cz are parameters that are fixed according to the piezoelectric type used.
3.2 Design of a piezoelectric speed bump system

The design of the speed bump system includes cantilever design, mechanical speed bump system, and spring design and design by measuring the average electric voltage and the maximum electric voltage generated by the piezoelectric cantilever system in the air flow without bluff body, passing through a triangular bluff body and the circle. The distance between the piezoelectric and bluff body used in this study is 50 and 100 mm. Cantilever design is done by testing the cantilever with input in the form of a 6 Hz frequency shaker using Kinez K7520BP2 piezoelectric. The K7520BP2 piezoelectric material is affixed directly to the cantilever coming from 0.25mm thick stainless steel and 160mm long from the clamp point. Tests carried out include piezoelectric circuit configuration, piezoelectric position at cantilever and determination of cantilever maximum deflection. Piezoelectric configuration testing is done in two ways, namely piezoelectric which is arranged in parallel and in series. The next test is the position of the piezoelectric material in the cantilever. This test is intended to determine the most optimal position of piezoelectric to cantilever.
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Figures 4. Vortex phenomenon when air passes through a cylindrical cross section

4. RESULTS AND DISCUSSION 
4.1 Discussion results Dynamic performance of SBEH simulations 
The dynamic performance of SBEH simulations and vehicles that pass speed bump is done with initial conditions with vehicle speeds of 5 km / h, 10 km / h and 15 km / h. 
Table 1. Effect of variations in vehicle speed on the speed bump speed response.
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The response of the speed bump down to the variation of changes in vehicle speed is given to the speed bump with the same mass, so the speed down as the response generated by the speed bump will be small. Or in other words, the greater the slower the vehicle that crosses the speed bump with the same mass, the speed decreases as the response generated by the speed bump will be large.

4.2 Test results of cantilever systems.

 
The Kinez K7520BP2 piezoelectric test, which is arranged in series and parallel, proves that Kinez piezoelectric is only capable of producing electrical voltage when arranged in parallel. This is motivated by the basic characteristics of the polarity and polar arrangement of the material present in Kinez K7520BP2. The piezoelectric position of the cantilever influences the output voltage. Following are the results of testing the piezoelectric position of cantilever.
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Figures 5. Test results of piezoelectric position on cantilever

Based on the theory, piezoelectric bending will be even greater when it is at point 0 clamp which causes the piezoelectric output voltage to increase. The voltage profile obtained after the test shown in Figure 4 is the same as the theory that when the piezoelectric is near the clamp it is able to produce the greatest voltage. Therefore, in designing the piezoelectric position will be placed close to the clamp to obtain the maximum bend.

4.3 Results of manual testing of piezoelectric cantilever systems

 The test of piezoelectric cantilever system is intended to choose the most optimal configuration between piezoelectric and buck converter in producing electrical energy. The configuration used is a piezoelectric circuit using AC1 and AC2 (single piezoelectric circuit) on an MB39C811 and utilizing AC1 (piezoelectric parallel circuit). 
The test results show the use of piezoelectric in parallel produces a higher voltage on the 10,000uF capacitor so that in the next design for a piezoelectric system and MB39C811 a parallel circuit is used. After that the system is identified by arranging buck converter in series or in parallel. Parallel buck converter circuits produce higher voltages because the circuit can collect current continuously even though the input is not continuous whereas in series buck series converters often experience open or reduced voltage as a result the inrush current is not continuous. The next test is to test the effect of adding piezoelectric and buck converter systems in parallel to the voltage on the capacitor. The test results show that the more piezoelectricity used, the more energy can be produced. The relationship between the piezoelectric amount and the resulting voltage has a linear relationship as shown in Figures 6 .
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Figures 6. influence of the piezoelectric amount on the output voltage.

4.4. Test results for piezoelectric speed bumps

Testing the cantilever system with a motorized vehicle input using a test car 60 times as much as a runaway on a piezoelectric speed bump. The test can produce electrical energy of 380mV for 1200 seconds with a power of 2,166 mWh. 
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When compared with manual testing with the same conditions that is 60 beats for 300 seconds obtained 1120 mV of electrical energy and 75,264mWh of power. The efficiency of the piezoelectric speed bump system only reaches 2.87%.
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Figures 7. Results of testing a piezoelectric speed bump with a motorized vehicle


This is due to the mechanical energy transmission of the piezoelectric speed bump to the piezoelectric cantilever system that has not been running optimally. The pressure that is not optimal is caused by the rod bumps knocker do not press the piezoelectric cantilever system to the maximum due to the overturn of vehicle tires that are not always right at the center of the mechanics of the bump police. In addition, the mechanical system is not always pressured downwards sometimes the pressure causes the knocker to rise upward. The speed of the car that is not constant also affects the speed bump deflection which causes deflection of the piezoelectric cantilever system is not always the same in every vehicle run over. Limitations of testing also exist in the time it takes for a car to run over the speed bump. The average time lapse of a car to be able to go back and forth running through a speed bump takes 12 seconds. This causes the voltage stored in the capacitor on the MB39C811 to quickly decrease and tend to run out. This is in contrast to manual testing where the piezoelectric cantilever system is always under pressure at an interval of five seconds.
V. CONCLUSION.
From the results of the design research and simulation of this SBEH speed bump model

1. The maximum down speed produced is approximately 2.3 m / s when a vehicle passes the prototype with an average speed of 5 km / hour.

2. The designed piezoelectric bed consists of a speed bump mechanical system, a piezoelectric cantilever system and a buck converter that is capable of producing electrical energy with four-wheeled motorized pressure input. The configuration of a piezoelectric cantilever system that is capable of producing optimal electrical voltage is to use several parallel piezoelectric configurations that are connected with buck converters MB39C811 in parallel. The number of piezoelectric modules and MB39C811 modules influences the amount of energy that can be produced, the more piezoelectric and MB39C811 sets used, the greater the voltage generated but there is an optimal value of the number of piezoelectrics used based on mathematical modeling of the system and the size of the speed bump. The power that can be produced by the piezoelectric speed bump prototype based on testing using a motorized vehicle is 2,166 mWh while with a manual test of 75,264mWh with an efficiency achieved of 2.87% of the manual test, this is because energy transmission has not been carried out optimally.

3. The installation of the bluff body gives rise to a vortex in the airflow so as to increase vibration and electrical voltage on the piezoelectric. The triangular cross body blades have the maximum electric voltage and the highest average voltage due to the high flow velocity and the resulting vortex.
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