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Abstract: More electric aircraft (MEA) and the transition to electric vehicles has been the subject of 

extensive study. The objectives of this research include lowering emissions and fuel consumption, which are 
comparable to those for automobiles. Many components in traditional airplanes may make use of one or 

more types of power, such as electrical, hydraulic, mechanical, or pneumatic power. However, each form of 

energy has its own disadvantages, such as sacrificing overall mechanical efficiency when capturing a 

particular energy, as in the case of hydraulic and pneumatic systems.The majority of the primary non-electric 
systems, like environmental controls, Old electrical systems will be replaced with new electrical systems in 

future aircraft to improve "a variety of aerospace characteristics such as engine start, efficiency, emissions, 

reliability, and maintenance". This essay offers a thorough examination of how systems alter or will alter. 

Future aviation innovations like gas-electric propulsion for planes and electric taxis are also discussed. 
Modern state-of-the-art electric aircraft technology is used in the most recent commercial transport planes. 

Test results on the WSM method show results with a classification of the best and worst aircraft alternatives. 

Keywords: WSM, Number engines, Number generator per engine, Generator rating per engine ( KVA) and 

Generator output voltage (V) 

1. INTRODUCTION 

Significant development has been made in the last few decades toward more electric aircraft. Many parts that were 

previously powered completely or partly by hydraulic, mechanical, or pneumatic systems are now replaced by 

electrical power systems.The demise of the integrated motor generator is one of the evolutionary advancements of 

modern commercial transport airplanes. IDG physically transforms variable-speed jet motors for constant-speed 

motors. This system supplied steady frequency and voltage power to the aircraft's electric bus. In some modern 

commercial aircraft, which include the Boeing 787 and Airbus A380, the main engine generator is directly coupled 

to the aircraft's jet engine via a gearbox. As a consequence, the relationship between engine velocity and electrical 

frequency on the aircraft's electrical bus is correct. Engine characteristics and gearbox ratio control electrical 

frequency variance. These modern airplanes, for instance, can have an electrical frequency that varies from 350 Hz 

to 800 Hz. A generator control unit regulates the generator's output AC voltage to a fixed number, such as 115 or 

230 Vac. This paves the way for a power line with variable frequency and constant voltage. MIL-STD-704 and DO-

160 both specify constant voltage and variable frequency power buses for use in modern airplanes. In conventional 

aircraft with integrated drive generators, Many loads operating at a constant frequency of 400 Hz now require extra 

arrangements to convert electricity from one type to another, such as AC-DC or DC-AC. As a result of this 

advancement, power electronics and electric machinery are critical to the aviation industry. Power electronic 

converter and electric engine weight, size, dependability, and efficiency are crucial factors for the aviation sector as 

a whole. Another example of the greater use of electrical systems is the removal of bleed air from ventilation 

systems. 
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Environmental control devices regulate cabin temperature and pressure to provide passenger comfort. "Bleed air was 

obtained from one of the compressor stages of the main engine; however, on the Boeing 787, instead of tapping the 

bleed air from the engine, a set of electrically powered compressors are used to regulate temperature and pressure in 

the cabin, eliminating the pneumatic system and air ducts from the engine."However, due to the substantial quantity 

of electricity required to regulate cabin pressure and temperature, the internal energy production for the primary 

engine generators had to be significantly increased. Another example of electrification is using electricity to start the 

primary engine rather than air that has been compressed from an auxiliary power unit, ground cart, and another 

primary engine. Pneumatic systems in the airplane are further eliminated by the main engine's electric start. These 

are just a few instances of conversions from hybrid to all-electric systems in modern airplanes. Aircraft power 

system: The electrical systems on almost all airplanes depend on batteries. "Airliners battery packs are used to begin 

engines and auxiliary power units (APUs) provide emergency backup power to crucial avionics equipment and 

lighting systems, ensure without interruption power to navigation units as well as fly-by-wire computers, and 

provide ground strength capability for maintenance and prior to flight checkouts." “The reliability of the aircraft 

battery is crucial because many of these operations are essential for the safe running of the aircraft. Additional 

important qualities include power and energy density, environmental stability, operating temperature range, ease of 

maintenance, quick recharge capability, shelf life, cycle life, and abuse tolerance. Historically, the two primary types 

of batteries used in aircraft were lead-acid batteries and nickel-cadmium batteries. Other types that have seen 

restricted use include silver-zinc batteries and, more recently, lithium-ion batteries. This article only discusses 

modern lead-acid, nickel-cadmium, and lithium-ion aircraft batteries.” 

Transformers or generators are used, depending on the aircraft, to create energy. Although engines are commonly 

used, they can also be moved by an APU, a hydraulic generator, or a ram air turbine (RAT). “A generator's output 

voltage is usually 115-120V/400HZ AC, 28V DC, or 14V DC.”  The electrical system of your airplane is comprised 

of three major components: a battery, an electrical generator or alternator, and a power-distribution bus. Magnetos 

powered by the engine power the spark plugs in authorized piston aircraft engines, so extra electricity is not needed 

to operate the engine. Standard business airplanes use 115 V wire-to-neutral alternating current voltages and a line 

frequency of 400 Hz. The primary engine is mechanically connected to the generator in this configuration, resulting 

in a consistent engine speed and, as a consequence, a constant power frequency on the aircraft's electronic bus. The 

electrical output needed per engine is less in this aircraft than in modern electric aircraft because many important 

systems, Engine start, weather control systems, de-icing, and hydraulics are examples of non-electrical systems. 

Electricity is mainly used in airplanes in a constant voltage and constant speed configuration to power the cooling 

devices that circulate the air within. Electricity is used by avionics equipment, lodging loads, illumination, and 

galley loads. The majority of fans typically work at 400 Hz without the use of a power electronic converter. As a 

result, when initiating induction motors under this power structure, a current six to ten times higher than what is 

required is possible. An electrical device typically has a 28 Vdc bus. Using transformer rectifier devices, 115 Vac, 

400 Hz is converted to 28 V.Powering integrated circuits, microprocessors, and signal-level electronics requires 

further lowering the dc voltage at each line interchangeable unit (LRU), such as avionics equipment, to reach lower 

voltages such as 5 V, 3.3 V, and so on. In general, selecting a job assignment is a very complicated matter that 

depends on the specific objectives of the company, the accessibility of mechanisms, and decision-makers' personal 

tastes (DMs). Multi-criteria decision-making (MCTM) methods have a type of decision-making that takes into 

consideration multiple criteria at the same time, with different weights and thresholds, and has the potential to 

represent a more satisfactory level due to the multi-criteria nature of the issue. MCTM offer a step-by-step 

procedure that enables a panel of decision-makers to come to a conclusion by consensus. The number of disputes or 

conflicts will be kept to a minimum thanks to this clearly defined procedure. MCDM is crucial for addressing 

complicated issues. (Lazim&Rabiatul, 2014). Finding and choosing alternatives based on the decision-maker's 

beliefs and preferences are a part of decision-making. The act of choosing entails the existence of alternatives.  In 

such situations, it is crucial to fully understand these alternatives and then pick the one that best fits our objectives, 

desires, way of life, beliefs, etc. in addition to maximizing success or performance. Making choices based on 

previous experiences, judgment, and intuition has become extremely difficult. The human intellect is unable to fully 

comprehend multiple parameters at once. Making decisions is not an art where one can use mental models to come 

up with an answer. It is advancing steadily in terms of science.Organizational issues are resolved using 

mathematical models in science decision-making. (Habiba&Askar, 2009). Today, timely decision-making is 

essential to an organization's management performance. Consequently, applying quantitative methods is very 

helpful. These methods can be used in a variety of fields.Before making a choice in the current environment, the 

decision maker must deal with a large amount of data, numerous options, and different decision situations. Rapid 

industry diversification also makes businesses more complicated because they serve multiple purposes. To solve 
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different applications of decision-making problems, numerous MCDM techniques have been proposed.This needs to 

be thoroughly considered because it could have a significant effect on air traffic. Therefore, it is essential to replace 

the present subjective techniques with an objective evaluation of the aviation vehicle. In order to predict aviation 

vehicle capacity levels and optimize aviation vehicle selection for a specific operation, this paper explains the WSM 

application of MCDM methods. This article's aim is to provide a synopsis of the most recent power conversion 

methods used in large transportation aircraft. 

2. MATERIAL AND METHOD 

“In modern airplanes such as the Boeing 787 and the Airbus A380 and A350, the traditional constant voltage, 

constant frequency bus has been replaced by the constant voltage and variable frequency bus. While the voltage can 

be set at either 115 or 230 Vac in this scenario, the bus frequency changes depending on the engine's speed and type 

of aircraft and can vary from 350 to 800 Hz [11]. Because this change in paradigm requires power conversion for 

many loads, including motor drives, power electronic converters are needed to convert AC-to-DC and DC-to-AC 

power. Investigates the control of a multilevel active filter in applications employing the MEA grid design in 

particular. DC-to-DC power conversion is required by many products, including battery chargers [13].”Pneumatic 

air start turbine systems are used on the Airbus A350 and A380; however, lately, the pneumatic system, including 

air ducts and ATS, was removed from the Boeing 787. To initiate the main engine, main engine generators are 

instead used as motors. They are known as primary engine starter generators for this reason. The electricity needed 

to start the main engines is provided by power lines [10]. Rectifiers and inverters are required for the DC power 

conversion from the APU generators to the primary engine starter/generators in this new system in order to achieve 

variable voltage and variable frequency control. In this case, a fresh system analysis must include the 

starter/generator's electrical, magnetic, and thermal measurements. To avoid extra weight and volume penalty for 

main engine start/generators, it is better not to surpass the maximum torque required for the electric main engine 

start maximum torque required for generation.  Research is currently being done on the problems with including 

electric starts for engines as well as possible management schemes for this new system [31].Being able to size the 

main engine, APU generators, and power electronic converters correctly presents a challenge when trying to start the 

main engine. As a result, “it is critical to measure the APU, APU generator, AC-DC converter, DC-AC converter, 

and main engine start/generator using the required main engine start rating study. After main engine start, the same 

power electronic converter can be used for another reason in the aircraft to reduce the dimensions effect of the 

power electronic converter employed for the DC-AC converter for running the start/generator for the main motor 

start.This approach will aid in increasing fuel economy by alleviating the burden of transporting the extra weight of 

extra converters.”Environmental Control Systems: By eliminating the need for flow air in environmental control 

systems, electronic systems became more widely used. ECSs control the cabin's climate and air pressure to ensure 

passenger comfort. Usually, the main engine's one or both compressor stages were used to supply bleed air [37]. 

Leaky air design is the foundation for the Airbus A350 and A380 ECS.In contrast, the Boeing 787 employs a set of 

electric-powered compressors to regulate the cabin's temperature and pressure rather than drawing exhaust air 

directly from the engine. For this device, the engine's pneumatic system and air pipes have been removed. One of 

the challenges of an electric ECS system is sizing the overall system and determining how much electricity is 

required for each part of the aircraft.Compressors use larger motors and charge electronic converters. Redundancy 

and reliability are two additional crucial ECS factors that go into the construction of the overall electrical power 

system architecture. However, the primary engine generators must significantly increase the internal power output 

due to the substantial amount of electricity needed to control cabin temperature and air pressure [38]. Recent studies 

on non-electrical ECS systems have also been performed, such as Reference, which models and actually tests an 

innovative control system configuration that reduces ram air consumption. 

 

WSM Method: WSM is one of the most well-known MCDM techniques in decision theory, and it is one of the 

easiest ways to evaluate alternatives based on specific criteria. Each piece of information is one dimensional. Or 

WSM is only effective when in a block. WSM is not a standalone MCDM technique that can be applied to 

multidimensional issues. All quantities have distinct units when a quantity is multidimensional. There are other ways 

to solve a one-dimensional issue besides using WSM. However, they were initially designed to address 

multidimensional issues; a unique methodology creates the WSM technique.Only numerical data are compatible 

with the weighted scoring method. Consequently, before determining the ultimate score, each substitution Each 

evaluation measure should be used as a benchmark. Aside from user satisfaction and optimization criteria, no other 

factors for component selection will be directly evaluated. As a result, all alternatives that are pertinent to each 

evaluation criterion take into account the user needs of the software components are assessed first. If all units are the 
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same in one-dimensional situations, WSM can be applied with ease. The complexity of this technique becomes clear 

when used to solve multidimensional MCTM problems. To get around this issue, the Weighted Product Method was 

created. The major difference between it and WSM is that the model uses multiplication rather than addition. Both 

one-dimensional and multidimensional MCDM issues can be solved using WPM. This is a benefit of the technique 

because relative values can be used in place of actual value.  It has examined the issue of improving the performance 

of the new system by analyzing the decision-making issues arising from the assessment and selection of market 

segments in accordance with predetermined criteria. One of the decision support system techniques that can be used 

to simplify this is the weighted sum model (WSM).  The application of the weighted sum sampling technique is a 

very straightforward process that only requires a few steps to produce results for section evaluation and exam 

results. Put in place a decision-support mechanism. The WSM method is a tool created to help with market 

segmentation evaluation and selection when choosing the best recipient for a special allocation fund based on a 

number of support factors. Evaluation and alternative values are provided in tables 1 and 2. Alternatives and 

assessment criteria are provided in Tables 1 and Table 2. 

 
TABLE 1. Transport aircraft evaluation parameter  

C1 Number engines 

C2 Number  generator per engine 

C3 Generator rating per engine ( KVA) 

C4 Generator output voltage (V) 

C5 Number  generator  per APU 

C6 Generator rating per APU ( KVA) 

 

Table 1 is giving aircraft evaluation parameter for number engines is C1, number  generator per engine is C2, 

generator rating per engine is C3, generator output voltage is C4, number  generator  per APU is C5 and generator 

rating per APU is C6 
 

TABLE 2.a comparison of current large commercial transport aircraft's main electrical systems 

Aircraft C1 C2 C3 C4 C5 C6 

Boeing 787 2 2 250 235 2 225 

Airbus 380 4 1 150 115 1 120 

Airbus 350 2 2 100 230 1 150 

 

Table 2 compares the major electrical systems of modern big commercial transport aircraft Data Set. Boeing 787 

values are high values for the data set. Airbus 380 is low values for the data set. Table 2 shows the data set for the 

transport aircraft using WSM method for the Boeing 787, Airbus 380, Airbus 350 of the C1, C2, C3, C4 and C5. 

TABLE 3. Normalized data 

 C1 C2 C3 C4 C5 C6 

Boeing 787 0.50000 1.00000 1.00000 1.00000 1.00000 1.00000 

Airbus 380 1.00000 0.50000 0.60000 0.48936 0.50000 0.53333 

Airbus 350 0.50000 1.00000 0.40000 0.97872 0.50000 0.66667 

 

Table 3 gives the normalized data of the data set. Given this data is easily calculated 
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FIGURE 1.Gives the normalized data 

 

TABLE 4. Gives weight matrix 

Boeing 787 0.16 0.16 0.16 0.16 0.16 0.16 

Airbus 380 0.16 0.16 0.16 0.16 0.16 0.16 

Airbus 350 0.16 0.16 0.16 0.16 0.16 0.16 

 

Table 4 gives weight matrix all values is taken for same values. The weight matrix values are 0.16.  
 

TABLE 5.Weighted normalized result matrix 
Boeing 787 0.08000 0.16000 0.16000 0.16000 0.16000 0.16000 

Airbus 380 0.16000 0.08000 0.09600 0.07830 0.08000 0.08533 

Airbus 350 0.08000 0.16000 0.06400 0.15660 0.08000 0.10667 

 

Table 5 gives the weighted normalized decision matrixof the weight. Given this data is easily calculated. 

 

 

FIGURE 2.Weighted normalized decision matrix 
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TABLE 6. Preference Score for data set 

Aircraft Preference Score Rank 

Boeing 787 0.88000 1 

Airbus 380 0.57963 3 

Airbus 350 0.64726 2 

 

Table 6 gives the Preference Score and ranking .Boeing 787preference values is 0.88000,Airbus 350 preference 

values is 0.64726, and Airbus 380 preference values is 0.64726. Boeing 787is in 1
st
 rank and Airbus 380are last 

rank.  

 
FIGURE 3.Preference values graph. 

 

Figure 3 shows the Preference Score.  Boeing 787 preference values is 0.88000, Airbus 350 preference values is 

0.64726, and Airbus 380 preference values is 0.64726. 
 

 
FIGURE 4.Ranking 

 

Figure 3 shows  that the Boeing 787is in 1
st
 rank, Airbus 350 is in 2

nd
 rank, and Airbus 380 3

rd
 ranking. 
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4. CONCLUSION 

This paper investigates the patterns and opportunities for electrically powered aircraft, with an emphasis on large 

transport aircraft. Power systems, main engine start, auxiliary power units, environmental control systems for 

interior temperature as well as pressure control, internal inert gas generation structures, electric taxis, and hydraulic 

structures are all investigated from an electrical perspective. In terms of performance, weight, size, reliability, fault 

tolerance, and cost, these electric machines, power electronics, and energy storage systems (batteries and fuel cells) 

all offer significant research opportunities. Importantly, wide bandgap devices in power electronics will be essential 

in order to achieve the extremely high efficiency and high-temperature capabilities required for MEA 

implementations. These novel semiconductor devices clear the way for machines with higher pole counts or faster 

processing speeds. As a result of the advancements discussed in this piece, researchers are still looking for methods 

to address today's technological limitations and achieve goals like reducing the size and weight of current engines, 

which will enhance aircraft performance even more.This paper is given Boeing 787 is very good for result, so it is 

good for other aircraftelectric vehicles. 
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