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Abstract :Now a day’s comprehensive power setup distributed 

generation system is playing an significant virtual role. In 

distributed generation system is acquired from many bases like as 

wind energy, tidal energy, solar energy, landfill and digester gases 

etc. In this paper self-motivated model of micro turbine 

generation system has been established and a new converter 

supervisor is introduced. It has been proposed dynamic simulation 

prototypical of a micro turbine system has been recommended. 

The various controller models of Micro turbine systems are 

executed in the MATLAB using SIMPOWER Systems library. 

The micro turbine model is analyze and performed with an 

isolated load considering RL and LC filter with and without 

reactive power instillation into the system. The micro turbine 

generation system will maintain the quality power and fewer 

harmonics. 

 
Index Terms: Micro turbine, Power Co-generation, 

combustion, Filter.  

I. INTRODUCTION 

 Electrical system is more dependability and normal operation 

of electrical equipment trust heavily upon a clean distortion 

and unrestricted power supply. In nonlinear harmonic 

generating loads are coupled to power distribution network in 

order to diminish the level of harmonic pollution in the 

system. There is several harmonic mitigation methods are 

used subsequently of the number and diversity of available 

methods, selection of the best-suited available technique for 

an individual application is not always an easy process or 

forthright practice [2]. The micro turbine system is fed to 

connect by a power converter device and followed by an 

active filter design. The AC/AC converter recycled to 

renovate extraordinary frequency to normal frequency at 

50Hz.The power converter device is also performed to supply 

valuable supplementary services to the micro grid [1]. These 

supplementary services may involve supporting the voltage, 

voltage sag compensation, and static volt-amp-reactive 

compensation, load following performance service, revolving 

or non-revolving operating reserve, standby supply and 

start-up power for the micro turbine system. The voltage 

support of the organization is conventional for the grid 

connected and self-determining process while load 

subsequent is recycled for the grid-connected well-designed 
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system [3]. The functional fallback proficiency may or may 

not be accepted by the limited electricity supplier depending 

on their existing pricelists and the potential of the micro 

turbine generation organization connection. The prevalence 

of backup supply and start-up to increases the power through 

micro turbine manufacturer as well as through the options that 

may be obtained with the micro turbine. The favor 

conventional, power converter topology used for linking the 

micro turbine systems to the grid by DC link converter 

[22]-[24].The Micro-generator will have to be converted  

high frequency power from to DC previously the inverter may 

re-arranged a three-phase supply voltage at inferior frequency 

essential for the network association. This controller 

accomplishes the function of the converter and inverter circuit 

topology by confirming that utilities such as voltage and 

current succeeding phase identical and harmonic dominance. 

These are done unfailingly and at optimum proficiency. The 

controller based depending on the limitations and factors such 

as expected micro turbine system packaging, desired 

multi-purpose outputs and type of availability in features and 

the refinement of the system design. During the starting 

synchronous mechanism performances as a electrically 

powered and pulls power after the grid to fetch the micro 

turbine system at that time to maintain the certain speed 

[5]-[6]. The presentation of the micro turbine generation 

system operation is illustrated Fig.1.The power conditioning 

system comprises rectifier, inverter and a filter. 

 
Fig.1.Model of the micro turbine system  

II. MICROTURBINE  GENERATION PLANNING 

MODEL 

In implementation of micro turbine generation organization is 

displayed in Fig. 2. For a solo shaft micro turbine is 

interfacing power to the circuit is recycled to turn 

extraordinary frequency AC power shaped by the permanent 

magnet synchronous machine hooked on functional electrical 

power[8]. The power circuits is one of the essential 

mechanisms in a particular trough micro turbine design and 

stand alone for a significant challenge in designing especially 

in not supporting the turbine output to the load demanded. In 

almost all commercial and non 

commercial applications, the 

cost reduction of the energy 

generated is a vital point.  
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Hence among the available energy conversion technologies, 

PMSGs combined with a direct current vector control is most 

effective because it can operate at variable speeds, which has 

the potential to satisfy the requirements of the grid 

effectively[25]-[27]. The DC vector controls operate in both 

machine side control and grid adjacent control. The converter 

from the machine sideways converter acts on the control the 

generator speed to enhance the extraction of power. The grid 

adjacent converter may practice that direct vector mechanism 

techniques for  DC tie voltage and the power factor at a grid 

connection point [28]-[30]. At the generator end, torque and 

the flux control are decoupled. At the grid end, active and 

reactive power control is decoupled. There is a rotating frame, 

in which the decoupling between dq components takes place, 

controlling the resultant torque and power. By employing the 

direct control strategies, similar but quicker algorithms 

provide the desired results. Current vector strategies are 

conventionally capitalized for controlling parameters of 

electric drives. In direct vector control scheme [7], controlled 

directly to the stator flux and the electromagnetic torque and 

also vary independently. 

 

 
 

Fig.2. Implementation of Micro Turbine generation system 

Submit your manuscript electronically for review. 

III. GRID SIDE CONVERTER METHODOLOGY 

During micro turbine variation, the grid adjacent converter is 

used to amend the DC bus voltage and also regulate the 

magnitude of the “wattles” and real powers distributed to the 

network. At that time for achieved unity power factor for any 

rotation of micro turbine speed. As a result, the direct vector 

regulator by PI mechanism loops is engaged. In three-phase 

load current may be collapsed in positive sequence, negative 

sequence and zero-sequence module. The current in the d-q 

vector structure and can be altered from the positive sequence 

and negative sequence using a phase locked loop [9]-[10]. In 

correlation among the line currents and the network inverter 

voltages is given by  

 

                    (7) 

 

where: ea,eb,ec  inverter system productivity voltages: 

 Va,Vb,Vc network voltage : 

 ia,ib,ic line currents: 

 Lf  inductance filter: 

 Rf  resistance filter: 

With the transforming above equation as in the locus casing 

rotating synchronously with the electrical grid voltage vector, 

the prototypical for the grid-adjacent converter [11-13] is 

given by: 

 

                     (8) 

                     (9) 

 

Where:  

ed, eq  d-axis and q-axis inverter voltage mechanisms: 

Vd,Vq network voltage component  in the d-axis and q-axis: 

id-f,iq-f  d-axis and q-axis current of network: 

ω          angular frequency of the system 

 The vector control scheme is established on a 

rotating position edge. The instantaneous powers are given by 

                                         (10) 

                                         (11)  

              

  The DC –side equation derived by 

                                                      (12) 

       where:  

 Uab-               dc –link voltage: 

 is   -  PMSG side current 

 igrid - grid adjacent transmission line  

                                            current 

 C   -               dc-tie capacitor. 

 So, we can rewrite the above equation  

 

                                                 (13) 

          

 The separation between the harmonic 

components and reactive mechanisms from the load current is 

the objective of current orientation generator. The main 

representative of this vector control method is the direct 

source of the reimbursing element from the load current, 

deprived of the practice of some reference d axis-q axis frame 

transformation. The direct vector control scheme is used from 

a revolving synchronously reference d-q vector frame as 

exposed in Fig.3. 

 

 
 

Fig.3. The bus and revolving orientation edge 

 

Then:    
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Then: Equation (8)-(9) may be expressed as: 

 

                     (14)  

                             (15) 

 

Then using equations (10)-(11), the “wattles”  power and real 

power is designed as: 

                                                                   (16) 

                                                                  (17) 

 As a result, “wattles” and real power is orderly 

by quadrature- q reference axis and direct-d reference axis 

current components. Then 

                                                  (18) 

                                                           (19) 

 Where iqr-f 
and   idr-f are the reference signal of 

q-axis current. The Qref and Pref is the orientation of “wattles” 

power and real power component. Further, the inverter is 

recycled to transference all the true power produced by the 

micro turbine generation system to the utility network 

connected system .At that time the system create no reactive 

power, and also harmony power factor is maintained. 

Consequently; the dc-tie voltage should stay endless value. In 

Fig.4 shows the device structure of DC-bus voltage where Pgp 

is the real power distributed after the permanent magnet 

synchronous generator [14]-[16]. 

 

 
Fig.4. Control of DC-bus voltage 

 The d-axis orientation vector frame current is 

resolute by the DC-bus voltage regulator in directive to 

regulate the converter output active power of the system [17]. 

For this purpose the PI supervisor is used to produce the 

position basis current and also monitor the DC voltage, while 

the orientation signal of the q-axis reference current is 

spawned by the “wattles”   power Qref rendering to the 

illustrated in equation (18).With an aim to reward the cross 

link consequence owing to the output filter in the revolving 

synchronously orientation vector edging, the decoupling 

voltages are supplementary to the current regulator outputs. 

For that reason, we practice: and  

    

   
 

At that point, the inverter q –axis and d-axis voltage 

mechanisms may be illustrated as follows: 

   

    

Consequently, they are calculated as follows: 

 

  

  
  

There are two secure loop system controls. The Pulse Width 

Modulation (PWM) is recycled to create the regulator signals 

to standardize the grid adjacent converter [18]. To 

counter-balance the cross-coupling effects, the decoupling 

voltages, Δvq , Δvd  are supplementary to the current regulator 

productions. In PWM control attitude, the modulation signal 

is attained by a current supervisor from the current error 

signal is overlapped with the triangle wave.  The switches of 

the converters are controlled by the pulse signals obtained. 

This control method has unassuming operation with dissolute 

speed of response [19]-[21] with analog PWM circuit. 

IV. RESULTS AND DISCUSSION  

Micro turbine generation system Voltage and Current Wave 

forms with RL and LC Filter: 

The usefulness link, towards the micro turbine organisation is 

associated, is signified by a three phase sinusoidal basis with 

its impedance. The simulation considerations values of the 

model are given in Table1. In LC the high-pass filter circuits 

form a low-impedance circuit pathway for a specific value of 

harmonic frequency [14-16] and Passive harmonic filters are 

connected to the series or parallel combination of a tuned 

frequency. To distract the tuned frequency harmonic content 

current absent after the power supply, this filter is associated 

in series or parallel with the nonlinear linked load. 

 

Grid Constraints 480V,50Hz,Rs=0.4Ω and Ls=2Mh. 

Filter Factors L=0.97mH,C=10μF 

DC tie capacitance 5000µF 

PI supervisors selection 

interval 

100µsec 

PMSM Limits 480V, 30Kw, 1.6KHz, 96000 

rpm,Rs=0.25Ω,  Lq=Ld=0.0006875H, 

Number of poles p=2& λ=0.0534wb. 

Micro turbine system 

considerations 

Parameter  Gain(k) 

value=25,X=0.4,Y=0.05 and Z=1 

Table.1. Model considerations of the prototype. 

 The series line reactors reduce all harmonic frequencies and 

harmonic filters disregard a particular harmonic frequency 

since the supply harmonic content current waveform. It has 

been shown in the presence of isolated power system the most 

effective method to minimize harmonic losses or eliminating 

harmonics at their source.  

With RL filters the PMSM voltage and the current waveforms 

are obtained and are illustrated in Fig.5. The current 

waveforms and Load side voltage with RL filter are 

demonstrated in Fig.6. The organism load adjacent voltage 

and the current waveforms are not sinusoidal in nature. 
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Fig.5. PMSM current and voltage waveforms obtained with RL 

filter 

 
Fig.6. Load side current and voltage waveforms with RL filter 

 

The permanent magnet synchronous machine voltage and 

current waveform variations are achieved with LC filter are 

explained in Fig.7. In Fig.8 and Fig. 9 demonstrates the effect 

of no reactive power injection and the reactive power 

injection to the micro turbine system on voltage and current 

waveform with the LC filter. The waveforms are obtained to 

be nearly sinusoidal nature in reactive power injection to the 

micro turbine system. 

 
Fig.7 PMSM current and Voltage waveforms obtained with LC 

filter 

 
Fig.8.Load side current and voltage with LC filter with no reactive 

power booster 

 
Fig.9. Load side current and voltage with LC filter with reactive 

power booster 

 

The line side and load side voltage level of converters are 

always sustaining the constant DC voltage level. From Fig. 5 

to Fig.9, the situation is experimental that both the instrument 

adjacent and the link adjacent converter supervisors are 

operated very smoothly. Therefore, the micro-turbine 

preserves the explosion speed, and the permanent magnet 

synchronous machine runs to operate as a generator. The 

micro turbine generation system is distributing the regarded 

real power to the system consignment unremittingly as the 

load adjacent variations of voltage and current waveform are 

sinusoidal in nature.  
 

V. CONCLUSION  

The micro turbine generation system is implemented in 

MATLAB / SIMULINK and derived a direct converter 

controller systems have been planned. The case study is 

elaborate with RL and LC filters with and without reactive 

power injection into the scheme. The LC filter provisions the 

reactive power to the scheme, as well as diminish the high 

order harmonics content and sinusoidal waveforms are 

achieved at the load side. From the simulation study of the 

micro turbine generation scheme, it is revealed that power is 

delivered to the grid connected system, and performance of 

load following character is also determined.  

 

 

 

Hence it is observed that the technique can optimize the 

performance of a system.  

REFERENCES 

1.  Alizadeh, SM, Sedighizadeh, M & Arzaghi-Hari, D 2010, 

‘Optimization of micro turbine generation control system using genetic 

algorithm’, IEEE international conference on power and energy, Nov 

29-Dec1,2010 
2. Amer Al-Hinai & Ali Feliachi 2002, ‘Dynamic model of a 

microturbine used as a distributed generator’, in proceedings, 34th 
Southeastern Symposium on System Theory, Huntsville, pp. 209-213. 

3. Behrooz Vahidi, Mohammad Reza Bank Tavakoli & Wolfgang Gawlik 

2007, ‘Determining parameters of turbine’s model using heat balance 

data of steam power unit for educational purposes’ ,IEEE Transactions 

on Power Systems, vol. 22, no. 

4,  pp. 1547-1553. 

 

 

 



International Journal of Recent Technology and Engineering (IJRTE)  

ISSN: 2277-3878 (Online), Volume-8, Issue-1, May 2019 

 

1695 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number A1357058119/19©BEIESP 

Journal Website: www.ijrte.org 

 

4. Cano, A, Jurado, F & Carpio, J 2003, ‘Influence Of Micro-Turbines On 

Distribution Networks Stability’, Power Engineering Society General 

Meeting, 2003, IEEE, vol. 4, pp. 2153-2158. 

5.  Emmanuel & Thalassinakis 2007, ‘A method for optimal spinning 

Reserve Allocation in Isolated Power Systems Incorporating an 

Improved Speed Governor Model’, IEEE. 
6.  Etezadi-Amoli, M & Choma, K 2000, ‘Harmonic Characteristics of a 

New 30 Kw Micro-Turbine Generator’, harmonics and quality of 
power, Proceedings. Ninth international conference on year: 2000, 
volume: 3nsactions on Power Systems, vol. 22, no. 4. 

7. G.Saravanan &Dr.I.Gnanambal,’Direct Current Vector Control for 
Micro turbine Distributed Generation System’,Asian Journal of 
Research in social and Humanities,Vol.6,No.6,June 
2016,pp.1471-1484. 

8. G.Saravanan &Dr.I.Gnanambal,’Mathemaical model and control 
design of micro turbine generation system,’Journal of computational 
and theoretical nanoscience,Vol.13,1-7,2016. 

9. Jain, Khatri, N, Shrivastav, P & Mahor, A 2015, ‘The analysis of 
cascaded h-bridge multilevel inverters in fuel cell applications’, 
computer, communication and control (ic4), 2015 international 
conference on year: 2015. 

10. Jia Peng Tong & Tao Yu 2008, ‘Nonlinear PID control design for 
improving stability of micro-turbine systems’, electric utility deregulation 
and restructuring and power technologies, DRPT, 6-9 April. 

11. Jurado, F, Valverde, M & Ortega, M 2005, ‘A Method for the 
Identification of Micro-Turbines using A Hammerstein Model 
electrical and computer engineering’, Canadian conference on year, 
pp. 1970 - 1973. 

12. Saha, AK 2011, ‘study of micro turbine models in islanded and 
grid-connected mode’, Journal of Energy and Power Engineering, vol. 
5, pp. 862-869 

13. Sanjeev Nayak, K & Gaonkar, DN 2012, ‘Modeling and performance 
analysis of microturbine generation system in grid connected/islanding 
operation’, International Journal of Renewable Energy Research,  
vol. 2, no. 4. 

14. Tabrizi, MA & Radman, G 2013, ‘Detailed dynamic modeling of 
permanent magnet synchronous machine based wind turbine for power 
system dynamic analysis southeast con, proceedings of IEEE 

15. Venkat Kishore, K & Rajasekhar GG 2015, ‘Matlab/simulink based 
dynamic modeling of microturbine generator for grid and islanding 
modes of operation’, IJMTST | international journal for modern trends 
in science and technology, vol. 1, no. 1. 

16. Gaonkar, DN & Patel, RN 2006, ‘Modeling and simulation of micro 
turbine based distributed generation system’, IEEE. 

17. Errami, Youssef, Mohammed Ouassaid, and Mohamed Maaroufi. 
"Control scheme and power maximisation of permanent magnet 
synchronous generator wind farm connected to the electric network", 
International Journal of Systems Control and Communications, 2013. 

18. Errami, Youssef., Mohamed. Maaroufi, and Mohammed. Ouassaid. 
"Control scheme and Maximum Power Point Tracking of variable 
speed wind farm based on the PMSG for utility   network connection", 
2012 IEEE International Conference on Complex Systems (ICCS), 
2012. 

19. Nayak, Sanjeev K, D N Gaonkar, and A Santhosha Kumar. "Combined 
model of fuel cell and microturbine based distributed generation 
system", 2011 IEEE PES Conference on Innovative Smart Grid 
Technologies - Middle East, 2011. 

20. Ankita Jain, Neha Maithil. "Diminution of harmonics in multilevel 
inverter using particle swarm optimization", 2017 International 
Conference on Information, Communication, Instrumentation and 
Control (ICICIC), 2017. 

21. Tyagi, A., and Y. K. Chauhan. "A prospective on modeling and 
performance analysis of microturbine generation system", 2013 
International Conference on Energy Efficient Technologies for 
Sustainability, 2013. 

22. Qunhai Huo. "Study of three control strategies for micro-source local 
load imbalance in microgrid",2009 International Conference on 
Sustainable Power Generation and Supply,04/2009. 

23. Ratna Ika Putri, M. Rifa'i, Lie Jasa, Ardyono Priyadi, P. Margo, Hery 
P. Mauridhi. "Modeling and control of permanent magnet synchronous 
generator variable speed wind turbine", 2016 International Conference 
on Smart Green Technology in Electrical and Information Systems 
(ICSGTEIS), 2016. 

24. Banazadeh, Afshin, Hossein Abdollahi Gol, and Hassan Ramazani. 
"PID controller design for micro gas turbines using experimental 

frequency-response data and a linear identification technique", 
International Journal of Advanced Mechatronic Systems, 2013. 

25. Amiri, Mayssam, Tomas Yebra Vega, and Aniruddha M. Gole. "Effect 
of DG modeling and controllers on the transient stability of microgrids 
in EMT simulation", 2015 IEEE Eindhoven PowerTech, 2015. 

26. Shuhui Li, Timothy A. Haskew. "Transient and Steady-State 
Simulation Study of Decoupled dq Vector Control in PWM Converter 
of Variable Speed Wind Turbines", IECON 2007 - 33rd Annual 
Conference of the IEEE Industrial Electronics Society, 2007. 

27. Errami, Y., M. Maaroufi, and M. Ouassaid."Modelling and control 
strategy of PMSG based variable speed wind energy conversion 
system", 2011 International Conference on Multimedia Computing 
and Systems, 2011. 

28. K. Sarasvathi, K. Divya. "Analysis and Design of Superlift luo Boost 
Converter", 2018 4th International Conference on Electrical Energy 
Systems (ICEES), 2018. 

29.  G. Saravanan1, I. Gnanambal,” Design and Efficient Controller for 
Micro Turbine System”, Circuits and Systems, 2016, 7, 1224-1232. 

30.  G. Saravanan1, I. Gnanambal,”Optimization of Micro Turbine 
generation using Fuzzy Logic Controller”, International Journal of 
Applied Engineering Research ISSN 0973-4562 Volume 10, Number 
10 (2015). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


