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Abstract:  This paper with the design model and analysis of modern aircraft electrical power system (AEPS) using fuzzy logic control 

(FLC) technique with implemented proportional integral derivative (PID) control. In order to meet the standards of the of the aircraft, 

the behaviours of the aircraft electrical power system (AEPS) during load switching is controlled using PID -FLC technique. This 

technique is mainly suitable for the control of generator control unit, Ac-Dc controlled rectifier. In this proposed paper, the simulation 

of power MOSFET based Dc-Dc converter forward buck converter has been done in the MATLAB/SIMULINK and their 

corresponding voltage and current waveform are plotted obtained. To achieve high power factor and to have high efficiency, the 

advantage of   forward buck converter is contained to form a novel forward buck converter. It is capable of operating in forward buck 

converter. Hance the lesser are highly reduced and the current near the zero crossing of input side is reduced using the balancing 

capacitor. The variable reactive load is employed to demonstrate the value of hormonic reduced at various value of voltage and current 

in the system. 

 

Index Terms - Fuzzy Logic control, Proportional integral derivative control, rectifier. 

I. INTRODUCTION 

A combination of hydraulic, electrical, pneumatic and mechanical power transfer         systems is highly utilized by the conventional 

aircraft power systems [1]. For advanced aircraft power systems, the increased use of electrical power has paved the way to rapidly 

evolving technology advancements in power electronics, fault-tolerant electrical power distribution systems and electrical driven 

primary flight     control actuator systems. In the More Electrical Aircraft (MEA), the electric power is used to drive the aircraft subsystems, 

whereas in conventional aircraft it is driven by a combination of mechanical, hydraulic and pneumatic systems [2]. The MEA completely 

or partially replaces the nonelectrical system of aircraft into the electrical system. Initially it was applied to meet the military grade for 

reducing the overall weight of the aircraft, maintenance costs and to improve the higher reliability for better performance with increased 

capacity and standards of the civil aircraft. In recent years, power quality and the need for required powers have been the most 

important research topics because of the use of non-linear electronic components such as, switched mode power supply, 

incandescent bulb lighting and motor drive applications etc [3]. The non-linear loads are capable of creating harmonic current 

and reactive power problems. These harmonics will induce non linearity and distortions in sensitive equipment like overvoltage 

by resonance, increased heating in the conductors, harmonic voltage drop across the network impedance and affect the various 

loads at the common point of coupling. Conventionally passive LC filters are utilized to compensate the harmonic distortion and 

the reactive power; but the passive filters have the following drawbacks. It includes large size, aging and tuning problems, resonate with 

the supply impedance and fixed harmonic compensation [4]. The MEA concept is seen as the future of aircraft power system 

technology. The multi-voltage level hybrid DC and AC systems are employed by the aircraft power system. Thus, MEA electrical power 

system offers multi-converter fo r  the  p o wer  co nve r s i o n . The modern electrical aircraft uses an input voltage of 400V AC and 

is connected between the forward converter whose output voltage is 28V DC and the input voltage is 270V DC [5]. The MEA is intended 

to have limitless advantages. It includes optimizing the aircraft performance and decreasing the               operation and maintenance costs. 

Moreover, MEA has reduced emissions of air pollutants from aircraft which mitigates the global warming and its associated climatic 

changes. The MEA challenges the conventional aircraft electrical system in terms of the custom power, the processing and utilization of 

this power. In this paper, modeling, performance analysis and control of an MEA electrical power distribution system is investigated. The 

MEA aircraft has multiple DC and AC buses at variable frequencies to power the variable load types within the aircraft [6]. Fuzzy logic-

based control of forward buck converter is discussed. Fuzzy logic control (FLC) gives outstanding advantages over the conventional 

controllers (PID) such as ease [7] in the development, provides a wider range of operating conditions, and more readily customizable 

language terms. The obtained results shows that the FLC is superior compared to the conventional control for the desired modern aircraft 

electrical power system. 
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Fig:1. Block diagram of modern aircraft electrical power system 

II. MODERN AIRCRAFT ELECTRICAL POWER 

The modern aircraft’s electrical generation and conversion efficiencies are slightly more than that of the existing aircraft electrical 

system. The pilot’s cabin communication and electronic devices are fed by 28V DC bus system and they are connected with batteries 

to operate under emergency conditions. In order to get 28V DC from 400V AC a three-phase bridge rectifier with forward buck 

converter is provided. The PID-FLC based control is used for controlling the forward buck converter. The voltage at 28V DC are 

simulated and the results are obtained. 

 
Fig.2.  The proposed forward buck converter Topology with PID-FLC 

2.1 MAE Generator Operation  

 The modern aircraft is provided with two three-phase synchronous generators, placed on each side of the aircraft. Every 

synchronous generator provides a total output power of 250 KVA with a Line - Line output voltage of 400 VLL and the range of 

frequency is from 360 Hz to 800 Hz. Apart from generators, there exists two auxiliary power units (APUs), with their ratings similar 

to the main generators except that their output power from each unit is 225 VA. These APUs will operate only under emergency 

conditions such as during the failure of the main generators. The PID based Fuzzy logic control is given to provide suitable excitation 

voltage for the GCU to maintain the output voltage of the generator within the aircraft standards whenever the engine speed or electrical 

load changes. 

 2.2 AC to DC Converter 

 The AC to DC converter is capable of converting the value of AC Voltage from one magnitude to the value of DC voltage at 

the required magnitude. These AC to DC conversion is required to operate the various appliances according to our needs and at various 

magnitudes. The uncontrolled diode rectifiers are used for providing the AC to DC conversion. It consists of a diode bridge which is 

capable of providing the required DC voltage at the output through the AC to DC conversion.  

2.3 Forward Buck Converter 

 The Forward converter is one of the most important and popular switched mode power supply (SMPS) circuit capable of 

developing isolated and controlled dc voltage from an unregulated dc input. As in fly-back converter, the dc voltage at the input is 

derived after rectification with little filtering of the utility ac grid voltage. When compared to the fly-back circuit, the forward converter 

has more efficiency in terms of energy and is used for applications requiring high power output. However, in terms of the circuit 

topology, especially the filter at the output is not as simple as in the case of fly-back converter. This forward converter has a fast-

switching device ‘S’ with its own control circuit, a transformer with its primary side connected in series with switch ‘S’ to the input 

side and a rectification and filtering circuit is connected to the secondary winding of the transformer. Across the rectified output of the 

transformer-secondary winding the load is connected. An ideal transformer with no leakage fluxes, zero magnetizing current and no 

losses has been used as a transformer at the forward converter. The operation of the circuit is explained by assuming an ideal circuit 

element and the non-ideal characteristics of the devices are brought into consideration by doing a modification in the circuit design. 

Since there is a presence of finite magnetizing current in a practical transformer, a tertiary winding needs to be introduced in the 

transformer and the circuit topology is changed slightly. For better reasoning of the steady-state behavior of the converter, the operation 

of the circuit is divided into two different modes, mode-1 and mode-2. Mode-1 corresponds to the switch is ‘on’ duration of the switch 

and mode-2 corresponds to its switch is ‘off’ duration circuit, the forward converter has more efficiency in terms of energy and is used 

for applications requiring high power output. However, in terms of the circuit topology, especially the filter at the output is not as 

simple as in the case of fly-back converter. This forward converter has a fast-switching device ‘S’ with its own control circuit, a 

transformer with its primary side connected in series with switch ‘S’ to the input side and a rectification and filtering circuit is 

connected to the secondary winding of the transformer. Across the rectified output of the transformer-secondary winding the load is 

connected. An ideal transformer with no leakage fluxes, zero magnetizing current and no losses has been used as a transformer at the 

forward converter. The operation of the circuit is explained by assuming an ideal circuit element and the non-ideal characteristics of 

the devices are brought into consideration by doing a modification in the circuit design. Since there is a presence of finite magnetizing 

Generator Ac-Dc  

 

Forward 

buck 

converter  

 

Load 

 

PID- FLC 

 

 

http://www.ijcrt.org/


www.ijcrt.org                                                                        © 2021 IJCRT | Volume 9, Issue 3 March 2021 | ISSN: 2320-2882 

IJCRT2103661 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5617 
 

current in a practical transformer, a tertiary winding needs to be introduced in the transformer and the circuit topology is changed 

slightly. For better reasoning of the steady-state behavior of the converter, the operation of the circuit is divided into two different 

modes, mode-1 and mode-2. Mode-1 corresponds to the switch is ‘on’ duration of the switch and mode-2 corresponds to its switch is 

‘off’ duration. 

 

Fig:3. Equivalent circuit diagram of forward buck converter   

 

Mode Operation 1: 

   Mode-1 starts after the switch ‘S’ is turned ON. During this operation, the input voltage Edc, is connected to the primary winding. 

By turning on the switch, both the primary and secondary windings start conducting simultaneously. Like in an ideal transformer, the 

primary and secondary winding currents and voltages are related to their turns-ratio (NP / NS), the current carrying path of the circuit 

and the functional circuit model is depicted in bold lines. When the switch ‘S’ closes, diode D1 at the secondary circuit is forward 

biased whereas the input voltage is scaled by the transformer turns ratio, which is applied to the secondary circuit. The Diode D2 will 

not conduct during mode-1, as it will remain in reverse biased condition. It is seen that the output circuit with L-C filter and the load 

gets a voltage equal to DC voltage. 

 
Fig:4. Equivalent circuit diagram of forward buck converter of mode 1 operation. 

Mode Operation 2: 

     As soon as when the switch ‘S’ is turned off, the primary and the secondary winding currents in the transformer falls to zero . 

However, the filter inductor placed at the secondary side of the transformer maintains a continuous current through the freewheeling 

diode ‘D2’. At this stage, the Diode ‘D1’ remains in off state and the output circuit is isolated from the transformer and the input 

side. In this circuit, the current carrying section is displayed in bold line and the equivalent circuit is active during the mode-2 of 

operation. The Points ‘P’ and ‘N’ in the equivalent circuit are effectively shorted due to the conduction of diode ‘D2’. This inductor 

current flows through the parallel combination of the load and the output capacitor. During this mode-2 of operation, no power flows 

from source to load but the load voltage is constantly maintained by the large output capacitor ‘C’. The charged capacitor and the 

inductor tend to provide continuity in the output load voltage. Since there is no input power during the mode-2 of operation, the 

energy stored in the filter inductor and capacitor is slowly dissipating through the load and during this mode the magnitudes of the 

inductor current and the capacitor voltage starts decreasing slightly. In order to limit the magnitude of the load voltage within the 

required tolerance band, the converter-switch ‘S’ is turned on again to end the freewheeling mode for the start of next powering 

mode(mode-1). Under this steady state condition, in mode - 2 it is found that there is no loss in the inductor current and capacitor 

voltage and those values are exactly the same as in mode-1. It is hard to find that in order to limit the magnitude of the load voltage 

within the desired tolerance level, the value of the filter inductor and capacitor magnitudes should be significantly large. In order to 

maintain the cost and physical size of the filter within the lower values, the size of these elements should not be made too large. For 

developing more fast dynamic control over the output voltage, the size and cost of the filter elements should not be made too large. 
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Fig:5. Equivalent circuit diagram of forward buck converter of mode 2 operation. 

III. THE DESIGN OF THE PID- FUZZY LOGIC CONTROLLER  

3.1 Fuzzy Logic Controller  

For providing the improved system performance and to after better solution for the non-linear control process, a technique 

called fuzzy logic control is adapter. It is based on the human capability to recognize the behavior of the system by using qualitative 

control rules. In order to model inaccurate model, the FLC technique is prescribed over other conventional logic. It after a simples 

and more reliable and control action. this fuzzy logic controller contains three components. They are  

o Fuzzification  

o Rule base  

o De-fuzzification 

During fuzzification the input value form the real world are modified in to linguistic variable to permit the input physical signal to 

approach the rule base through the designed membership function  

In the rule base, the fuzzy input from the controller is compared. De-fuzzification again converter the output to the crisp ones and it 

select different control output based on the rule base. 

Fuzzification 

   Since the fuzzification use linguistic variable, in a system where effective control is require the value of error between the reference 

and the output signal can be denoted as Negative big (NB), Negative Medium (NM), Negative Small (NS), Zero (ZE), Positive Small 

(PS), Positive medium (PM), positive Big (PB). The membership function used for fuzzification is of the triangular membership 

function from. Thus, in fuzzification the numerical variable real number gets converter to a linguistic variable fuzzy number. 

 

Fig:6. Membership function    representing     a first input(error) 

 

 
Fig:7. Membership function representing    a second input (change in error) 

 

 

 

Rule Evaluator 

   Apart from the convention converter like PI and PID whose control is mainly based the gains, which are numerical values. 

The degree of membership function represents the value of the linguistic variable like error (signal) change of error and output. The 

basic set operation uses rules like AND, OR, NOT for evaluating the fuzzy operation. The rule evaluator decision making logic require 

the linguistic control rules stored in the rule base. These rules are mainly based on the PID-FLC scheme and it works mainly for the 

generator control unit and frequency control. 

http://www.ijcrt.org/


www.ijcrt.org                                                                        © 2021 IJCRT | Volume 9, Issue 3 March 2021 | ISSN: 2320-2882 

IJCRT2103661 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5619 
 

 

The rules of fuzzy logic controller are; 

1. If error is NB and ce is NB the output is 0; 

2. If error is NM and ce is NB the output is 5; 

3. If error is NS and ce is NB the output is 50; 

4. If error is ZE and ce is NB the output is 100; 

5. If error is PS and ce is NB the output is 100; 

6. If error is PM and ce is NB the output is 100; 

7. If error is PB and ce is NB the output is 100; 

8. If error is NB and ce is NM the output is -5; 

9. If error is NM and ce is NM the output is 0; 

10. If error is NS and ce is NM the output is 5; 

11. If error is ZE and ce is NM the output is 50; 

12. If error is PS and ce is NM the output is 100; 

13. If error is PM and ce is NM the output is 100; 

14. If error is PB and ce is NM the output is 100; 

15. If error is NB and ce is NS the output is -50; 

16. If error is NM and ce is NS the output is -5; 

17. If error is NS and ce is NS the output is 0; 

18. If error is ZE and ce is NS the output is 5; 

19. If error is PS and ce is NS the output is 50; 

20. If error is PM and ce is NS the output is 100; 

21. If error is PB and ce is NS the output is 100; 

22. If error is NB and ce is NS the output is -100 ; 

23. If error is NM and ce is NS the output is -50; 

24. If error is NS and ce is NS the output is -5; 

25. If error is ZE and ce is NS the output is 0; 

26. If error is PS and ce is NS the output is 5; 

27. If error is PM and ce is NS the output is 50; 

28. If error is PB and ce is NS the output is 100; 

29. If error is NB and ce is NS the output is -100; 

30. If error is NM and ce is NS the output is -100; 

31. If error is NS and ce is NS the output is -50; 

32. If error is ZE and ce is NS the output is -5; 

33. If error is PS and ce is NS the output is 0; 

34. If error is PM and ce is NS the output is 5; 

35. If error is PB and ce is NS the output is 50; 

36. If error is NB and ce is NS the output is -100; 

37. If error is NM and ce is NS the output is -100; 

38. If error is NS and ce is NS the output is -100; 

39. If error is ZE and ce is NS the output is -100; 

40. If error is PS and ce is NS the output is -50; 

41. If error is PM and ce is NS the output is -5; 

42. If error is PB and ce is NS the output is 0; 

43. If error is NB and ce is NS the output is 5; 

44. If error is NM and ce is NS the output is -100; 

45. If error is NS and ce is NS the output is -100; 

46. If error is ZE and ce is NS the output is -100; 

47. If error is PS and ce is NS the output is -50; 

48. If error is PM and ce is NS the output is -5; 

49. If error is PB and ce is NS the output is 0; 

De-Fuzzification 

According to the real world dement the fuzzy logic rules generate demanded output in the form of linguistic variable. The linguistic 

variable is transferred to the real number called crisp output. These are numerous option available for defuzzification. In the 

defuzzification, three important and different steps are used, they are center of area or centroid. 

 

Fig:8. Membership function representing the output (duty cycle) 
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3.2 PID Controller Design  

Tuning of PI controller by ziegler Nicholas method is one of the oldest methods of tuning of PID controller. Remove integral and 

derivative action. Set integral time it largest value sand set the derivative controller to zero. Create a small disturbance in the loop by 

changing the set point. Adjust the proportion. Increasing and or decreasing the gain unit. The oscillation have constant amplitude. 

Record the gain value (Ku) and period of oscillation (Pu). 

Table: I. PID controller design 

 Ke Ti Td 

P 0.5Ku   

PI 0.45Ku 0.45Ku/Tu  

PID 0.6Ku 1.2Ku/Tu 0.6KuTu/8 

G(s)=1/𝑠(𝑠 + 1)(𝑠 + 3) ,                                                             (1) 

G(s)=1/(𝑆^3 + 4𝑆^2 + 3𝑆), 

To find transfer function 

T.F=𝐾𝐺(𝑠)/(1 + 𝐾𝐺(𝑆)𝐻(𝑆) ),                     

T.F = 𝐾𝑝/(𝑆^3 + 4𝑆^2 + 3𝑆 + 𝐾𝑝),                                          (2) 

Using Routh, find critical 

𝐾𝑝/(𝑆^3 + (4𝑆^2 + 3𝑆 + 𝐾𝑝) = (12 −   𝐾𝑝)/4>0                   (3) 

Kp = Kcr=12, 

Using even equation substitute with critical using complex. Domain to find critical 

4𝑆^2 + 𝐾𝑝 = 0                                                                             (4) 

Where, S = j𝜔 

𝜔 = 2πf = √3                                                                                  (5) 

2π/𝑇𝑢 = √3 

Tu = 3.6276                                                                                    (6) 

Find Ki,Kd,Kp from the Table I 

Tu = 3.6276 

Kcr = 12                                                                                         (7) 

Kp = 0.6*12                                                                                   (8) 

Ki = 1.2*12/3.627                                                                        (9) 

Kd = 0.6/8*12*3.6276                                                                  (10) 

IV. DESIGN OF FORWARD BUCK CONVERTER 

The forward buck converter design of duty cycle 
 

𝑁1/𝑁2 =   𝑉𝑠/𝑉𝑜 𝐷                                                                     (11) 

Design of inductor value 

L= 
𝑉𝑜(1−𝐷)

∆𝐼𝑙𝑥𝑓
                                                                                      (12) 

Design of capacitor value 

Co = 
𝑉𝑜𝐷

𝑓𝑠𝑅∆𝑣0
                                                                                     (13) 

Where, 

𝑓𝑠= switching frequency 

∆𝐼𝑙𝑖  = peak to peak ripple current 

∆𝑣0= ripple voltage 

𝑁1/𝑁2 = Transformer turn ratio 
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Ac side input power 

                         Input power 𝑃𝑖𝑛=√𝑃2 + 𝑄2                                                            (14) 

Where, 

 𝑃 = Active power 

𝑄 = reactive power 

Dc side output power  

                             Output power Po = 
𝑉0

2

𝑅𝐿
                                                                       (15) 

Where, 

 Vo = output voltage 

  𝑅𝐿 = load resistor 

  To find efficiency = (output power /input      power) * 100                                       (16) 

 

V.SIMULATION RESULTS AND DISCUSSIONS 
The simulation part of the proposed converter idea involves the use of a three-phase bridge rectifier at the 400v Ac voltage at the 

input side to the required 270v Dc at the output side of the rectifier circuit. After reduction, this Dc voltage is fed as an input to the 

proposed forward buck converter which again limits or convert the voltage to 28v Dc which is used for various operations carried out 

within the aircraft power system. The control to the forward buck converter is done using the PID-FLC control technique, which 

provider required control signal for the effective buck operation waveform.  

 
Table: I simulation of parameter 

 

            

 

 

 

 

 

 

 

 

 

5.1 Open Loop Forward Buck Converter  

  In this open loop forward buck converter, the duty cycle is provided manually to the switch by human 

intervention. The feedback loop is not provided in the open loop procedure. Here, the control of output is not possible.  

 

 

 
Fig:9. Simulation model of open loop forward buck converter. 

S.NO COMPONENTS PARAMETERS 

1 Rectifier input voltage 400V AC 

2 Rectifier output voltage 270V DC 

3 Forward buck converter Output voltage 28 V DC 

4 Switch Mosfet 

5 Resistor 5 Ohm 

6 Inductor 200µH 

7 Capacitor 400µH 

http://www.ijcrt.org/


www.ijcrt.org                                                                        © 2021 IJCRT | Volume 9, Issue 3 March 2021 | ISSN: 2320-2882 

IJCRT2103661 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 5622 
 

 

 

Output Current 

  
  The fig.10.  describes the simulation results of the output current. 
 

 
 

Fig:10. Simulation result of output current 

 

Output Voltage 
  The simulation result of the output voltage is shown in fig.  11.   

 

Fig:11. simulation result of output voltage 

 

 

 

 

5.2 Closed Loop Forward Buck Converter 

In order to achieve accurate output value, the feedback from the output is provided to the controller to correct the output to 

get the desired and accurate value of output voltage.   
 

 

Fig:12. Simulation model of closed loop forward buck converter 
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Input Voltage 

    The input voltage in this paper is nothing but the value of the Ac voltage obtained from the generator of the aircraft which is 

marked as 400v in the waveform. 

 

Fig:13. Simulation result of input voltage 

Input Current 

    The input current in this paper is nothing but the value of the Ac current obtained from the generator of the aircraft which is 

marked as 11A in the waveform. 

 

Fig:14. Simulation result of input current 

Output Voltage  

   The output is the voltage which is measured across the R load and it is given as 28v which is shown by their corresponding 

waveform. 

 

 

Fig:15. Simulation result of output voltage 

Output Current          

            The value of the current at the load side is 9A and is represented as output current with their corresponding waveform

. 

Fig:16. Simulation result of output current 
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5.3 Harmonics  

   As first harmonics are measured at the input side. The current harmonics at the input side is measured and is known as the 

line current harmonic. By varying the load, the value of voltage increases as hence the value of line current harmonics decrease. The 

value of voltage and load is tabulated and given below.   

 

Harmonics In The Input Voltage 

 The following diagram depicts the number of harmonics present within the cycle of input voltage. 

 

 

Fig: 17. Harmonics in the Input Voltage 
 

Harmonics In The Output Voltage 

This fig.18. represents the number of harmonics present within the cycle of input current waveform. 

 
Fig:18.  Harmonics in the Output voltage 

 

Harmonics In The Output Current 
This fig.19. represents the number of harmonics present within the cycle of input waveform. 

 
Fig:19.  Harmonics in the Output Current 

 

Harmonics In The Input Line Current For R = 5 Ω 
For R = 5Ω, the value of current harmonics present within the input waveform is determined. 

 
Fig: 20. Harmonics of line current for R = 5Ω 
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Harmonics In The Input Line Current For R = 6 Ω 
For R = 6Ω, the value of current harmonics present within the input waveform is determined. 

 
 

Fig: 21. Harmonics of line current for R = 6Ω 

 

 

Harmonics In The Input Line Current For R = 7 Ω 
For R = 7 Ω, the value of current harmonics present within the input waveform is determined. 

 
Fig: 22. Harmonics of line current for R = 7Ω 

 

Harmonics In The Input Line Current For R = 8 Ω 

For R = 8 Ω, the value of current harmonics present within the input waveform is determined. 

 
Fig: 23. Harmonics of line current for R = 8Ω 

 

Table. II: Comparison of Harmonics in Input Current with Various R Load. 

 

S. No Various R 

Load 

Output 

voltage 

Output 

current 

Line 

current 

(THD) 

1. R=5Ω 28.05 5.6     7.55 

2. R=6Ω 30.14 31.8 6.77 

3. R=7Ω 31.87 4.5 6.28 

4. R=8Ω 33.72 4.2 6.25 

 

The proposed forward buck converter with input line currents THD is obtained for various R loads 5Ω,6Ω, and 7Ω 

respectively. Therefore, at the increase load conditions, the line current THD will decrease.  
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VII. CONCLUSION    

  This paper dealt with the PID based FLC control technique for the effective operation of the forward buck converter. The 

proposed controlling technique is used for the Forward buck converter in continuous conduction mode. In the future this work can be 

extended to various converter model and combined with Genetic algorithm, Neural FLC for effective controlling. 
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