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Due to highly demand on the renewable energy sources as a free and a 

clean power resource, extracting energy from unsteady flow using marine 

and tidal current turbines has a special focusing nowadays. For their 

resource characteristic, extracting energy from them needs more simple 

and robust converter in order to avoid the drawbacks of the mechanical 

system such as gearbox and makes the marine/tidal current energy more 

reliable. The required AC-DC-AC conversion system equipped with DC-

DC boost converter has been designed. To investigate the efficient 

performance of that conversion system especially at low current speed, 

different operating conditions were studied; the system was tested 

with/without boost converter at different current speeds operation. 

Moreover, the effect of including boost converter on the total harmonic 

distortion THD is checked.  

 

I. INTRODUCTION 
 

Free flow marine currents i.e. unregulated water courses, tides, and other ocean 

currents, are energy resources yet to be utilized in the commercial scale. This non fossil 

source can give an environmentally great contribution to the world electricity 

production [1]. 

A number of projects around the world involved in extracting energy from 

these resources exist and most concepts are similar to wind energy converters in that 

they include a turbine, generator, and a power electronic interface to feed an isolated 

load or integrated with the grid [2, 3]. 

Wind power is similar to marine/tidal current energy as they considered with 

harnessing the kinetic energy in a flowing fluid. However, there are also a number of 

significant differences, such as in the wind energy the difference between cut in and 

the cut off speed reaches about 10-15 m/s so a maximum power point tracker (MPPT) 

and hence a gear box are needed to pick the maximum power of the intercepted wave. 

In the other way, the marine current converter faces more difficult problem that most 

parts of the system will be submerged in the water and thus not easily accessible, so it 

is good to avoid mechanical complex systems (such as gearboxes) by using generators 

suitable for variable speed and load operation [1].  

Although the use of the induction generators (IG) are a commonly choice used 

in the field of renewable energy especially in the wind energy [4], but the main 

drawback of these generators is their operation at higher speed and not available at 

lower speed as in the case of marine /tidal current converters. Consequently, it needs a 

gearbox to accelerate the induction generators. 
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Fig.1  Schematic diagram for marine/tidal current 

conversion system 

Fig. 1  Schematic diagram for marine/tidal current 

conversion system 

Moreover, it is concluded in [5] that up to 20% of the downtime for a wind 

power plant is due to gearbox failures, and that the majority of these failures are due to 

wears. Therefore, avoiding gearboxes, yawing and blade pitching are likely to be 

beneficial for system reliability, but require certain adaptation for the rest of the 

system. 

So the other substitution of the induction generators in marine and tidal energy 

converters is synchronous generator (SG). Synchronous machines tend to have a large 

number of poles especially in the salient pole type i.e. it is available at low speeds 

about 10 rpm [1]. 

 

 

 

 

 

 

 

 
Marine/tidal current turbine generator usually supplies an AC voltage lower 

than the grid voltage and frequency, and their output voltage varies in a wide range 

according to various operation conditions. Some boosting techniques are needed to 

boost the output DC voltage supplied by the rectifier system then invert it into an AC 

voltage with the desired voltage and frequency [6, 7].  

In this paper enhancing the performance of AC-DC-AC conversion system by 

including a boost DC-DC converter has been studied. Also, the performance of such 

conversion system is checked at different current speeds and loading conditions using 

MATLAB simulation with Sim Power Systems toolbox.  

 

II.SYSTEM DESCRIPTION 
 

A- Power Generation System 

The studied system is composed of a marine current turbine, a PMSG, and a back-to-

back three phase converter contains a DC-DC boost converter as shown in Fig. 1. this 

system can feed either an isolated load or a strong electrical grid. However, in this 

paper special concentration to feed an isolated load with regulated voltage and 

frequency is done. This is the status for the off shore marine/tidal current turbines or 

when there is no availability to connect to the grid. All the marine current converter 

stages were implemented on the Matlab SimPowerSystems toolbox to check the 

system response when there are some undesirable conditions such as increasing or 

decreasing of the marine/ tidal current speeds.  
 

B- Turbine model 
 

For the marine and tidal current turbine modeling, the expression of the extractible 

power Pt, as a function of the water flow speed and turbine parameters is 

3

2

1
wSCP pt                                          (1)                                                                                                                        
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Fig. 2   Architecture of the AC-DC-AC conversion system 

Where ρ is the water density, Cp is the non-dimensional power coefficient 

(expressing the turbine efficiency), S is the surface swept area by the turbine blades, 

and w is the water flow speed. The surface area S is defined as  

TT HRS 2                                            (2)  

Where RT is the turbine radius and HT is the turbine height [8]. To simulate the 

variation of the marine/tidal current speed, a complete model for the turbine is not 

included, but it is simulated as prim mover with different speeds.   

 

III.CONTROL STRATEGY  
 

In order to control the frequency and the load voltage as the current speed changes the 

architecture of the designed control system is shown in Fig. 2.  The control strategy can 

be separated into two main operations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A-Controlled rectifier 

This rectifier containing uncontrolled bridge rectifier is followed by a boost DC-DC 

converter. The steady state input/output relationship for the boost converter in the 

continuous conduction mode (CCM) is  

DV

V

in

dc




1

1
    0 < D < 1                            (3)                       

Where D is the converter duty cycle. Vin is the rectified DC voltage, and Vdc is 

the inverter input dc voltage. The role of the Boost DC-DC converter is in charge to 

regulate and maintain the inverter DC input voltage to a suitable value that allows the 

inverter to transform this DC voltage to the desired load voltage (Vrms) and the 

frequency, that can be done by controlling the boost converter duty cycle using a 

feedback control loop occupied with a PI controller that will drive the PWM driver, as 

shown in Fig. 3. 

To avoid the mal operation of the PWM inverter, the discontinuous conduction 

mode (DCM) of the boost converter should be avoided. This can be done by designing 

the elements of the DC filter (composed of L and C) as in (4), and (5) [9]. 
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Where f is the switching frequency, Vdc is inverter input dc voltage, Vr is the 

voltage ripple in the inverter input voltage, and R is the equivalent load resistance seen 

by the boost converter that can be computed from (6),  

  acacdcdcdc IVRVIV 3Re2                             (6)  
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

Fig. 3  Schematic diagram of voltage control of the boost converter 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 

Fig. 4  Schematic diagram of the voltage control system for PWM inverter 

 

B- Load side converter  
 

This converter is in charge to control the voltage and the frequency at the load; these 

can be done using PWM driver. The different stages of the voltage control are 

implemented in Fig. 4. After transforming the three phases load voltage into dq0 

reference frames with the help of the phase lock loop (PLL) at 50 Hz, these 

components are compared with the setting points, then the PI controller will generate 

the direct axis modulation index, and the quadrature axis modulation index (md, mq). 

To avoid the saturation of the inverter (square wave mode), the modulation indices 

should satisfy (7). The root mean square of the load voltage can be computed from (8) 
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   1
22
 qda mmm                              (7)  

  dcarms VmV
22

3
                                                     (8) 

Where ma is the amplitude modulation index, Vdc inverter dc input voltage, and 

Vrms is the load root mean square line voltage.                                                                                                                

 

IV. SIMULATION RESULTS 
 

In order to test the performance of the conversion system including the boost converter, 

a numerical simulation in MATLAB/SimPowerSystems environment have been done. 

The variation of the current speed is simulated as a step change in the generator 

revolution per minute (rpm).  

Because the marine/tidal current has low current speed (0-2 m/s) with respect 

to wind energy, the performance of the conversion system has been tested at low 

revolution speed (25 rpm).   

Figure 5 shows the performance of the AC-DC-AC conversion system with 

and without boost converter. It has been noticed that the conversion system with boost 

converter can regulate the voltage over the load. Moreover, the conversion system 

without boost converter can't regulate the voltage over that load which is due to the 

lower value of the inverter input dc voltage (110 V). By using (8) the maximum ac line 

voltage is about 67V. Also, introducing the boost converter to the conversion system 

decreases the amount of the harmonic distortion (THD) by 45 %.     

Figure 6 shows that, as the generator speed increases by 20% the generator 

induced voltage, and the rectified DC voltage increase. The role of the boost converter 

is successfully managed to maintain a suitable voltage that can enable the PWM 

inverter to generate the setting load voltage. Moreover, without the boost converter the 

rotation speed is too low to generate a DC voltage allowing the PWM inverter to 

regulate the load voltage. 

Figure 7 shows that, with the generator speed is doubled, the performance of 

the conversion system without boost converter improved. Now the generated DC 

voltage is sufficient to handle the PWM inverter to regulate the load voltage. Similarly, 

the performance of the conversion system with boost converter can regulate the load 

voltage without any problems for higher speed. 

To simulate a more practical marine/tidal current case, the generator speed has 

been allowed to change by 20% from the unit speed (25 rpm) every 0.5 sec. (15 cycles) 

and the performance is checked.  

Figure 8 shows that, as the current speed (generator speed) changes, the 

performance of the conversion system with the boost converter is better than that 

without the boost converter. With the boost converter the conversion system managed 

to regulate the load voltage without any regulation error.  

The effect of including the boost converter on the amount of the harmonic 

content has been tested. Fig. 9 shows that including boost converter. At low speed, the 

boost converter reduces THD by 45% from its ratio without boost converter. Also, 

THD is reduced by increasing the current speed (increasing generator speed), which is 

due to the increased rectified DC voltage. 
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(a) Inverter dc input voltage 
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(b) Load voltage (volt) 
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(c) Inverter modulation index 

 
Fig. 5 Dynamic response at generator speed 25 rpm 
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(a) Inverter dc input voltage 
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(b) Load voltage (volt) 
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 (c) Inverter modulation index 

 

Fig. 6  Dynamic response at generator speed increased by 20 % from the unit speed 

 (25 rpm) 
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(a) Inverter dc input voltage 
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(b) Load voltage (volt) 
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(c) Inverter modulation index 

 

Fig. 7  Dynamic response at double generator speed (50 rpm) 
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(a) Generator speed (rpm) 
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(b) Load voltage (volt) 
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(c) Inverter modulation index 

 

Fig. 8  Dynamic response with different generator speeds (rpm) 
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Fig. 9  Total harmonic distortion (THD) 

 

V.CONCLUSION 
 

A marine and tidal current energy conversion system has been considered in this paper, 

and the present article is oriented on presenting the importance of including a DC-DC 

boost converter to the AC-DC-AC conversion system. 

The Boost DC-DC converter plays an important role in regulating the voltage 

over the isolated load especially at low generator speed (low current speed). Without 

the boost converter the voltage can't be regulated due to the lower value of the inverter 

DC input voltage. Moreover, including the DC-DC boost converter in the conversion 

system enables the PWM inverter operation in the linear mode of the modulation index 

without entering saturation mode ( 1am ). The total harmonic distortion decreased as a 

result.  

Regarding to grid integration of the marine/tidal current energy, it is concluded 

from the simulation results that the AC-DC-AC conversion system with the boost type 

converter has the ability to be connected with the grid due to the regulated voltage and 

frequency. 

Also, including a boost type converter to the conversion system will allow 

harnessing the marine/tidal current energy in lower as well as higher current speed 

without any problem. In other words, the cut in speed (Cin) for generating the electrical 

power will be lower than the conversion system without boost converter i.e. this will 

increase efficiency and reliability of the conversion system.  

Including a DC-DC boost converter is mandatory in low speed operation, as in 

the case of marine/tidal current, especially, when it is unavailable to use gearboxes 
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 تصميم وتمثيل محولات التيار الملاحي أو المد جزري باستخدام
محول التيار المستمر الرافع   

يززاد دل لب ززدل هززداليزز غل  يززردلا ززقل اززرجدل لبروززال ل ة ززدداللرخيصززرلبروززالي ي ززالخج ياززا لخي ززددليزز  ل
ل ل حثلبجي ال ديداللاسةغلاللبروال ل دلخ ل اجلخ   خ جلفقلةخليدل لبروال لرصج يا 

حةرجلي  ل ل ادجلإلزقل حزخلل ةزيبلخ سزيبللة زردشل ل هزررلل ل يررييريزال قزللازيدخول لةزجخ لخ لافز لخي
 ززبل لةيززرجل ل لاحززقلدخل ل ززدل زز جش لخفززقليزز  للخفززقلي زز ل لخوززنلي رييززرل ززبل لحاززخللس ززقلبروززال يرسزز ا

 ل حثلةدلة ديدلي ردليةرخبل بل حخلللةحخيلل لةيرجل ل ةججدل ل ةخلدلإلقل سة جلقدلإلزقل ةزجددل زجالد زجشل
ل اخدل  حخللج فعلةيرجل سة ج 

 لخوزنلخلإق رنلر رءال لي ردل ل  ةجحلف دلةدل  ة رجغلسيدل جخفلةهغيلل  ة  الخ  رجيزال ليةزر.  لخفزقلي ز ل
 ةدلدج سالةأقيجل سة د دل حخلل لةيرجل ل سة جلس قل عر لل لةهخغل لر ق ل

 


