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ABSTRACT 

Generators are the main components of the power generation system. The 

generators function to convert mechanical energy into electrical energy by using 

rotation and translation motion mechanisms. Generator with rotation motion 

mechanism can be seen on the turbine. While the translation motion generator can be 

seen in the Pelamis, pneumatic, and other systems. Rotation and translation motion 

generators consist of rotor components, stators, rotor/stator mounts and more. 

Performance generator depends on generator drive system, magnet material, 

magnetic distance, number of coil, dimensional coil and others. In this paper focus on 

the translation and rotation motion generator mechanism with the drive source in the 

form of horizontal thrust power (substitute the motion down and up the sea waves). 

Where the generator output has an unstable voltage so that it cannot be used to 

charge the battery. To overcome this problem Buck-Boost Converter are used to 

control output of generator stable. In this research experimental method is applied 
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using a horizontal directional generator mounting structure.  Horizontal thrust force 

is used as the source of the translation of the translation motion generator. The 

number pole is 4 and 1260 coil winding for translation motion generator. Rotation 

motion generator using permanent magnet generator with 170 coil winding. The 

results showed that before using Buck-Boost Converter the output voltage of the 

translation and rotation motion generators is fluctuated between 18.1-40.14 Volts. 

After using Buck-Boost Converter, the voltage output of generator become stable at 

23.93-24.11 Volts and it can be used to charge the battery. 

Keywords: Translation motion generator; rotation motion generator; Buck-Boost 

Converter; battery; magnet neodymium. 
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1. INTRODUCTION 

The generator is a machine component to produce electricity by converting mechanical 

energy into electrical energy. The main component of generator consists a rotor and stator. 

Working principle of generator is rotor and stator on the generator driven by motion 

mechanism as rotation and translation. The mechanism motion of generator is obtained by 

natural resources such as water, wind, fossil, geothermal, ocean wave and etc. Rotation 

motion generator can be works by using turbine to rotate the generator. Rotation motion 

generators have been found in hydro power, wind, fossil and geothermal power plants. The 

translation motion generators can be seen in ocean wave power plants [1-3]. Translation 

motion generator utilize pneumatic or kinematic mechanisms to drive piston up and down 

motion following sea wave length and it found at pneumatic mechanism [1-3], Pelamis 

mechanism, oscillating water column and etc. [4-9].  

The mechanism of translation and rotation motion generators have advantages and 

disadvantages such as simple of process, easily to use and maintenance, requiring a lot of 

components for generator rotation, and the voltage is unstable in the translation motion 

generator due to up and down motions waves that are not constant.  Performance of the 

generator depend on the distance gape of magnet and number of pole (winding coils), material 

of magnet, dimension of magnet and winding coil, motion of generator and soon.  

Effect of unstable voltage made output of generator cannot be used for charged of battery. 

To solve this problem, Buck-Boost Converter are used for control the output of generator is 

stable. Therefore in this paper Buck-Boost Converter are consider for control output of the 

generator become stable. In previous study this generator are used ocean wave resources (sea 

wave length) for drive of generators. In this research manual resources are used to drive 

motion of generator up and down following the ocean wave motion during. Translation 

motion generators produce AC voltage and rotation motion generators produce DC voltage. 

This research focus on the performance of translation and rotation motion generators using 

Buck-Boost Converter to get the output of generator is stable (AC and DC voltages) and also 

to synchronize the output voltage of this generator. The Buck-Boost Converter aims to align 

the voltage and frequency of the translation generator output and rotation in parallel so that 

the same voltage is obtained. 
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2. METHODS AND MATERIALS 

2.1. Generators  

Generator is a machine component to convert mechanical energy into electrical energy. 

Mechanical energy by combination of potential and kinetic energys. Potential energy 

generated by some resources such as water, air, steam, wind, ocean waves and others that will 

be drive the components in a rotating generator and changing into electrical energy through 

the stator coil and rotor magnet. Electrical energy produced by generators can be alternating 

current (AC) or direct current (DC). 

2.2. Translation and Rotation Motion Generator 

The working principle of translation motion generator is piston up and down motion in the 

generator depend on the direction of sea wave motion. The frequency of the generator can be 

calculated by equation 1. 

f  =  
      

   
                     (1) 

Where: 

f      = frequency (Hz)  

Nr   = Rotor velocity (rpm)  

p     = Number poles 

2.3. Component Translation and Rotation Motion Generators 

The translation and rotation motion generators have two prime of component is stator and 

rotor as shown in Figure 1. The construction of the translation and rotation motion generators 

design consists of the generator housing, the generator housing holder frame, neodymium 

magnet, piston, holder magnet, coil windings, permanent magnet generator and others. Design 

of translation and rotation motion generators using Buck- Boost Converter can be seen in 

Figure 2.  

  

Figure 1 Construction of Generator Translation 
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Figure 2 Design of translation motion and rotation generators using Buck-Boost Converter 

2.4. Calculation of Power Generator 

Electric power of generator can be calculated by Eq. 2 [10]. 

P =                                  (2) 

Where: 

P   = Power (Watt) 

V  = Voltage (Volt) 

I    = Current (Ampere) 

2.5. Buck-Boost Converter 

Buck-Boost Converter is used for stable output of generator by control of raising or lowering 

the voltage. The Buck-Boost Converter circuit can be seen in Figure 3. Parameters in the 

Buck-Boost Converter are duty cycle (D), inductor, resistor, capacitor and others as shown in 

Fig. 3. The duty cycle of Buck-Boost Converter can be calculated by using equation 3-4 [11, 

12]. Figure 4 show that mechanism of Buck-Boost Converter which output of translation and 

rotation motion generator are detect by sensor of voltage and current. Then microcontroller 

will be controlled the output of generator to DC- DC and also the voltage then continue to 

charge of battery. 

 

Figure 3 Schematic of Buck-Boost Converter 

  

   
 

 

   
                        (3)  

D = 
    

        
 = 

   

 
                       (4) 

Where: 
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Vo   = Voltage out of converter (Volt) 

Vin   = Voltage in of converter (Volt) 

D     = Duty Cycle 

ton    = Time switch for close (s) 

toff    = Time switch for open (s) 

T     = Cycle period of Buck-Boost Converter (s). 

 

Figure 4 Diagram of Buck-Boost Converter 

2.6. Design of Translation and Rotation Motion Generator  

The design of translation and rotation motion generators using Buck-Boost Converter can be 

seen in Figure 2. The generator have several components such as translation motion generator, 

rotation motion generator, pulley, Buck-Boost Converter, frame of generator, gear, connecting 

shaft and others. Translation motion generators consist of a generator housing, a magnetic 

holder shaft, neodymium magnet, coil winding, coil winding holder, bearings and other 

components. The design of translation motion generator include 4 rectangular neodymium 

magnets mounted on the two sides of the generator housing, 4x1260 coil windings with a 

diameter of 0.7 mm, diameter of the generator housing 203.2 mm and size of magnetic holder 

shaft 1500 mm x 40 mm. Rotation motion generator components consist of permanent magnet 

generators with a coil diameter of 0.4 mm and 175 coil winding.  
Design of diagram Buck-Boost Converter for translation and rotation motions generator can be seen at Fig. 4. 

2.7. Selection of Buck-Boost Converter Component  

Selection of Buck-Boost Converter depend on the duty cycle, inductor, capacitor, diode, 

Mosfet power and etc. The value of Buck-Boost Converter in this research is 0.67 duty cycle, 

16   for resistor, impedance  220 µH, inductor 4.5 A, and capacitor 1024 µF. Mosfet power is 

used type N MOSFET  IRFZ44N with value of voltage 55V and 49A.  

2.8. The Schema of Power Output of Generator Translation and Rotation Motion 

Using Buck-Boost Converter 

The schematic of the power output for translation and rotation motion generators using Buck-

Boost Converter testing can be seen in Figure 5. In this research focus to obtained the control 

of performance of translation and rotation motion generators using Buck-Boost Converter in 

raising or lowering the voltage. Testing of translation and rotation motion generators is 

carried out with a load and without load. 
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Figure 5 Schema testing of the power output for translation and rotation motion generators using 

Buck 

  

Figure 6 Translation and rotation motion generators using Buck-Boost Converter 

2.9. Testing Method of Performance of Translation and Rotation Motion of 

Generators 

Experimental method are used in the translation and rotation motion generator testing. Design 

of translation and rotation motion generator using Buck-Boost Converter can be seen in Fig. 1 

and 6. In Figure 6 the design of translation and rotation motion generator consists of a 

translation motion generator, rotation motion generator, and frame holder of generator, shaft 

connecting the generator translation and rotation motion, stator and rotor. The output of 

translation and rotation motion generator is AC and DC. To control and synchronize the 

output of a translation and rotation motion generator, a bucks-Boost converter is used. Manual 

process are used to conduct the experimental process by push and pull of piston as shaft in the 

translation motion generator. Step testing of performance of generator is testing of 

performance component of Buck-Boost Converter, translation and rotation motion generators 

testing, translation and rotation motion generators without load and with load testing. The 

generators consist on the 2 pole in two side of tube generator for translation motion generator 

and number of winding coil 2x1260. The value of rotation to move the translation motion 

generator 100 rpm to 200 rpm. Rotation motion generator using permanent magnet motor and 

varying of rotation similar with the translation motion generator (100 rpm to 200 rpm).  

3. RESULTS AND DISCUSSION 

3.1. Result of Buck-Boost Converter Testing 

The performance of the Buck-Boost Converter in raising or lowering the voltage testing is 

done as shown in Table 1. Table 1 shows that the output voltage of the Buck-Boost Converter 

has the same value as the input value (12 V) if the value of duty cycle is equal to 50%. The 

output voltage of the Buck-Boost Converter depend on the potentiometer value. With the 
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increase of the potentiometer value, the output of voltage becomes increases and the value of 

duty cycle also increases. If the duty cycle is below 50%, the output voltage becomes low (5 

V) and otherwise if it passes through the value of 50% the output voltage value increases 

(23.34 V). After testing performance of component Buck-Boost Converter is done, then the 

Buck-Boost Converter is used in to the translation and rotation generators to synchronize and 

control of stable the output voltage of generators. 

Table 1 Results of Buck-Boost Converter Testing 

No. Vin 

(V) 

Value of  

potentiometer 

(KΩ) 

Value of 

Vout (V) 

Value of 

Duty 

Cycle 

(%) 

Calculation of 

Duty Cycle 

(%) 

Error Duty 

Cycle (%) 

1. 12 0,861 5,06 33 29,6 3,4 

2. 12 2,440 12,21 50 50,4 0,4 

3. 12 4,99 23,34 67 66 1 

3.2. Result of Translation Motion Generator Testing 

Translation motion generators testing carried out with a load and without load. Table 2 show 

that the testing of translation motion of generator using 2x2160 winding coil without load.  

3.3. Result of Translation Motion Generator Testing Without Load Using 2x1260 

Winding Coil 

Translation motion generator testing without load using the number of winding coil 2x1260 

by varying the rotation speed (100 rpm to 200 rpm). As shown in Table 2, the output of 

translation motion generator without load is unstable with the increasing of output voltage of 

generator from 23,67 V until 40,14 Volt during increasing of rotation speed of generator from 

100 rpm to 200 rpm. This result show that the output of generator cannot use for charger of 

battery. To control the output of generator  to stable by using Buck-Boost Converter then we 

get the value of output generator become constant at 24,09 V to 24,13 Volt. Therefore by 

using Buck-Boost Converter, the output generator can be used for charge of battery because 

the output is stable at 24 Volt. 

The shape of signal of the translation motion generator output voltage before using the 

Buck-Boost Converter as shown in Figure 7 a. The shape of signal of the output voltage of the 

generator is fluctuates and less stable (see Fig.7 a). After used a Buck-Boost Converter the 

output of generator is produces a stable and flat signal of generator output voltage as shown in 

Figure 7 b. 

Table 2 Two-Sided Of Translation Motion Generator Testing (2x1260 Winding Coil) Without Load 

Winding 

coil (N) 

Rotation 

(RPM) 

Before using 

Buck-Boost 

Converter 

After using Buck-

Boost Converter 

Voltage 

(V) 

Isc 

(mA) 

Voltage 

(V) 

Isc 

(mA) 

2 x 1260 

100 23,67 1,73 24,11 3,09 

120 27,99 1,73 24,13 3,08 

140 30,36 1,73 24,11 3,08 

150 31,9 2,11 24,10 3,09 

170 36,99 2,11 24,09 3,08 

190 39,81 2,81 24,10 3,09 

200 40,14 2,86 24,12 3,09 
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a. Before using Buck-Boost Converter           b. After using Buck-Boost Converter 

Figure 7 Signal output voltage of translation motion generators without load using the Buck-Boost 

Converter 

3.4. Result of Translation Motion Generator Testing with Load 40 W Using 

2x1260 Winding Coil 

Translation motion generator testing with load is carried out using 4x10 watt lamp (16.6 Ω 

and 12 Vdc). The results are shown in Table 3 where it seen that the output voltage generated 

by the translation motion generator before using the Buck-Boost Converter is 18.1 V and 0.3 

A at rotation speed 100 rpm. At rotation speed 200 rpm, the output voltage of the translation 

motion generator with load is 31.7 V and current 0.48 A. This shows that the rotation speed of 

generator increase on the translation motion generators produce an increase in voltage and 

also show that the output generator cannot used for charge of battery during is not stable of 

voltage. 

After using Buck-Boost Converter the output voltage becomes stable at rotation speed 100 

to 200 rpm with value voltage 23.93 Volt to 23.95 Volt. This results shows that the output 

voltage of generator after using Buck-Boost Converter is become stable at 24 Volt. This 

phenomenon said that by using the Buck-Boost Converter the value of output voltage 

becomes constant (stable) and can be used for charge of battery. 

Table 3 Two-sided testing of generator translation motion (2x1260 winding coil) with load 40 w using 

a Buck-Boost Converter 

Winding 

coil (N) 

Rotation 

(RPM) 

Before using Buck-

Boost Converter 

After using Buck-

Boost Converter 

Voltage 

(V) 

Current 

(A) 

Voltage 

(V) 

Current 

(A) 

2 x 1260 

100 18,1 0,3 23,93 0,22 

120 19,1 0,32 23,93 0,25 

140 24,7 0,34 23,94 0,27 

150 27,2 0,38 23,95 0,27 

170 29 0,41 23,95 0,27 

190 31,7 0,48 23,95 0,28 

200 33,6 0,5 23,95 0,28 
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Figure 8 Power of rotation motion generator without load 

The power of the translation motion generator by using equation 2 is generated 16.8 w 

before using the Buck-Boost Converter at rotation speed 200 rpm and after using the Buck-

Boost Converter is 6.7 w. The power generated by variation of rotation speed in the 

translation motion generator as shown in Figure 8. In Figure 8 show that the power generated 

by the translation motion generator increases with the addition of rotation speed before using 

the Buck-Boost Converter. After using the Buck-Boost Converter the power generated by the 

translation motion generator has a constant value and smaller. 

  

a. Before using Buck-Boost Converter                b. After  using Buck-Boost Converter 

Figure 9 Signal of output voltage of translation motion generators with load 40 w using oscilloscopes 

at 200 rpm (2x1260 coil winding) 

The shape of signal power the translation motion generator is measuring by the 

oscilloscope as shown in Figure 9. Figure 9 a shows that the shape of signal output power 

before using the Buck-Boost Converter is fluctuation or alternating motion. After using the 

Buck-Boost Converter the shape of signal output power generated by the translation motion 

generator tends to be flat as shown in Figure 9 b. 

3.5. Rotation Motion Generator Testing 

Rotation motion generator testing is carried out using a permanent magnet generator (PMG) 

which produces an output in the form of direct current (DC). 
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3.6. Results of Rotation Motion Generator Testing without Load 

The Testing results of rotation motion generator without load before using the Buck-Boost 

Converter obtained that the value output voltage of generator is 25.67 V and 3.78 mA at 

rotation speed 100 rpm. At rotation speed 200 rpm, the value output voltage of generator is 

45.5 V and 6.99 mA. This shows that an increase a rotation speed of generator followed by 

increasing the value output voltage of generator as shown in Table 4. 

After using the Buck-Boost Converter, the resulting output voltage of the rotation motion 

generator is 22.78 V at rotation speed 100 rpm and 22.95 V at rotation speed 200 rpm. Similar 

in the phenomenon translation motion generator test results, the value of the rotation motion 

generator output voltage tends to be stable and constant. This shows that the use of Buck-

Boost Converter can keep the output voltage of the rotation motion generator stable, as shown 

in Figure 10. 

Table 4 Testing of rotation motion generator without load  

Rotation 

(RPM) 

Before using Buck-

Boost Converter 

After using Buck-

Boost Converter 

Voltage 

(V) 

Isc (mA) Voltage 

(V) 

Isc (mA) 

100 25,67 3,78 22,78 3,07 

120 27,46 4,27 22,79 3,08 

140 32,53 4,61 22,79 3,08 

150 36,13 5,16 22,83 3,08 

170 37,8 5,96 22,95 3,07 

190 46,0 6,88 22,90 3,08 

200 45,4 6,99 22,79 3,08 

The shape of signal output voltage the rotation motion generator using oscilloscope can be 

seen in Figure 11. Figure 11 a shows that signal of output voltage rotation motion generator 

before using the Buck-Boost Converter wavy with random shapes. After using Buck-Boost 

Converter the signal of output voltage of the rotation motion generator becomes constant 

(stable). 

  

Figure 10 Output voltage of rotation motion generator without load 
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a. Before using Buck-Boost Converter        b. After using Buck-Boost Converter 

Figure 11 Signal of output voltage of rotation motion generator without load using oscilloscopes at 

200 rpm 

3.7. Results of Rotation Motion Generator Testing with Load 12 W 

Results of the rotation motion generator testing with load 12 w and the resistance value 16.6 

Ω before using Buck-Boost Converter is 12.9 V and 0.38 A at rotation speed 100 rpm. At 

rotation speed 200 rpm, result of the generator output voltage increases to 28.3 V and 0.52 

mA. This result shows that similarly phenomenon with the testing of rotation motion 

generator without load, where is a biggest value of the generator output voltage happen at 

highest rotation speed as shown in Figure 12. The output voltage of generator cannot used for 

charge of battery because fluctuation of voltage can make the battery become fail function or 

broken. 

After using the Buck-Boost Converter, the output voltage of the rotation motion generator 

produced tends to have a constant value between 24.31 V to 24.43 V and 0.29 A to 0.37 A 

from rotation speed 100 rpm to 200 rpm. This shows that by using Buck-Boost Converter the 

output voltage of rotation motion generator become stable although happen increasing of 

rotation speed of generator as shown in Figure 12. This indicates that the generator output can 

be used to charge the battery. 

 

Figure 12 Output voltage of rotation motion generator with load 40 w 
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Figure 13 Power output of rotation motion Generator with load 40 w 

The value power of the rotation motion generator generated by eq. 2 is 14.7 w at 200 rpm 

for before used the Buck-Boost Converter and 9.03 w after used the Buck-Boost Converter. 

By rotation variation value of power rotation motion generator can be seen in Figure 13. In 

Figure 13 it seen that the power of the rotation motion generator increases with the addition of 

rotation before using the Buck-Boost Converter. After using the Buck-Boost Converter the 

power of the translation motion generator is smaller and become constant. 

The shape of signal output voltage the rotation motion generator with load using 

oscilloscope as shown Figure 14. Figure 14 a shows that signal of output voltage rotation 

motion generator with load before using the Buck-Boost Converter wavy with random shapes. 

After using Buck-Boost Converter the signal of output voltage of the rotation motion 

generator becomes small and constant (stable). 

 

a. Before using Buck-Boost Converter           b. After using Buck-Boost Converter 

Figure 14 Signal of output voltage of rotation motion generator with load 40 w using oscilloscopes at 

200 rpm 

4. CONCLUSIONS 

In this paper, control output voltage of the translation and rotation motion generators using 

Buck-Boost Converted with load and without load are presented. The conclusion show that : 
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 The output voltage of the Buck-Boost Converter has the same value as the input value 

(12 V) if the value of duty cycle is equal to 50%. If the duty cycle is below 50%, the 

output voltage becomes low (5 V) and otherwise if it passes through the value of 50% 

the output voltage value increases (23.34 V).  

 The results of performance of translation and rotation generator (output voltage) 

depend on the rotation before use Buck-Boost Converter. The value of output voltage 

generator is increasing by higher value of rotation of generator (18.1-40.14 Volts). In 

other hand, small value of rotation the value of output voltage become decrease. After 

use of Buck-Boost Converter, the output voltage of generator become constant despite 

increased rotation speed.  

 By using the Buck-Boost Converter, value of output voltage of generators become 

stable at 24 V and also can be used to charge of battery. 
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