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As the aircraft industry is moving towards the all electric and More Electric Aircraft (MEA), 

there is increase demand for electrical power in the aircraft. The trend in the aircraft industry 

is to replace hydraulic and pneumatic systems with electrical systems achieving more 

comfort and monitoring features. Moreover, the structure of MEA distribution system 

improves aircraft maintainability, reliability, flight safety and efficiency. Detailed 

descriptions of the modern MEA generation and distribution systems as well as the power 

converters and load types are explained and outlined. MEA electrical distribution systems are 

mainly in the form of multi-converter power electronic system. 
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INTRODUCTION 

 

The conventional aircraft utilizes a combination of hydraulic, electric, pneumatic and 

mechanical power transfer systems. Increasing use of electric power is seen as the direction of 

technological opportunity for advanced aircraft power systems based on rapidly evolving 

technology advancements in power electronics, fault-tolerant electrical power distribution 

systems and electric driven primary flight control actuator systems [1]. 

The  concept  of  More  Electric  Aircraft  (MEA)  implies increasing  use  of  electrical  

power  to  drive  aircraft subsystems  that  in  the conventional aircraft, have been driven by  a 

combination  of  mechanical, hydraulic  and pneumatic systems .The objective of the MEA is 

to completely replace  the non-electrical power  in  the aircraft with electricity. This idea was 

first applied to meet the military for less overall weight of the aircraft, lower maintenance 

costs, higher reliability and better performance. With increasing capacity and rating of the 

civil aircrafts, the idea of MEA is also applied.   The MEA  concept  is  seen  as  the direction  

of  aircraft  power  system  technology in the future. The future aircraft power system will 

employ multi-voltage level hybrid DC and AC systems. Thus, MEA electrical distribution 

systems are mainly in the form of multi-converter power systems. The electrical system of 

modern aircraft is a mixed voltages system which consists of the four types of voltage:  

405VAC (variable frequency), 200VAC, 28VDC and 270VDC.  
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Aircraft electrical power system often consists of two or more engine-driven-generators 

to supply the AC loads throughout the aircraft. All aircraft systems needs AC and DC power 

altogether. The DC power comes from rectification of the AC power using transformer 

rectifier units (TRUs). These units are normally 12-pulse configuration [2-3]. Due to cyclic 

operation of these units, they are considered as harmonic sources in the aircraft electric power 

system. These units can increase the voltage distortion and the harmonic contents into the AC 

side of the aircraft electric power system. 

The constant-speed drive (CSD) generating system found onboard many aircrafts is 

comprised of a three-stage regulated synchronous generator, the output frequency of which is 

maintained constant by means of a hydro-mechanical CSD connecting it to the engine via a 

gearbox. A reduction in the weight of the system is brought about by a combination of the 

drive and the generator integrated into a single unit, thereby providing the integrated drive 

generator (IDG) [4]. However, continuing developments in power electronics and 

microprocessor technology have led to the DC-link variable-speed constant-frequency 

(VSCF) generating system [5], becoming a viable alternative to the CSD and IDG systems. 

The VSCF electrical system is more flexible compared to the CSD/IDG systems since its 

components can be distributed throughout the aircraft, in contrast to the CSD/IDG mechanical 

system in which they must inevitably be located close to the engine. 

 

POWER GENERATION SOURCES OF AIRCRAFTS 

 

The electrical power systems of aircrafts have made much progress in recent years 

because the aircrafts depend more and more on electricity as shown in Fig. 1. The voltage 28 

VDC was the classical electrical power system from 1940s to 1950s [6]. There were one or 

two DC batteries to support the essential loads during an emergency. The voltage 200 VAC 

supplies the AC load. The 200VAC at 400Hz constant frequency (CF) aircraft system started 

on the 1960s. The variable-frequency (VF) generations appeared since 1990s and the load 

management systems and backup generators. Variable-speed constant-frequency (VSCF) 

aircraft appeared on 2000 and continues to-date as shown in Fig.1-a. This VSCF aircrafts 

contains a constant DC bus of 270VDC and for feeding AC loads; three-phase inverters are 

used. These new system of VSCF contains a lot of harmonics due to the existing of power 

converters. To meet the standards of harmonic contents passive filters [1] and active power 

filters [2], [5] are used. The generation power rating of Boeing and Airbus increased over the 

years until it reaches 800kVA for Airbus A380 while it reaches 1400kVA for Boeing B787 as 

shown in Fig. 1-b. Different aircraft power ratings with their used technologies [7] are listed 

in Table 1. These aircraft systems are highlighted as follows. 

 

1- CSD/IDG Generating System 

 

This type of engine drive, as used in conventional aircraft, has constant speed drive 

(CSD) by hydro-mechanical conversion at the Source as shown in Fig. 2-a. As the engine 

speed from is constant, the generator frequency is constant at 400Hz with a phase voltage of 

115VAC.  The system is expensive to purchase and maintain due the complexity of the hydro-

mechanical drive system. 
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Figure 1. Development of aircraft power system and power rating of famous civil aircrafts 

 

Table 1. Generation, Power Rating and Applications of Different Aircrafts 

 

Generation type Civil applications Military applications 

B777 2x120kVA 

A340 4x90kVA 

B737NG 2x90kVA 

MD-12 4X120kVA 

B747 4X120kVA 

B717 2X40kVA 

IDG/CF 

[115VAC/400Hz] 

B767-400 2X120kVA 

Eurofighter Typhoon 

F18C/D 2X40/45kVA VSCF (Cycloconverter) 

[115VAC/400Hz] 
 

F18E/F 2X60/65kVA 

B777(Backup) 2X20kVA VSCF(DC-Link) 

[115VAC/400Hz] 
MD- 90      2X75kVA 

 

Cobal Ex 4X40kVA 

Horizon 4X25kVA 
VF 

[115VAC/380-760Hz] 
A380 4X150kVA 

Boeing Jsf  2X50kVA 

VF [230VAC] B787     4X250kVA  

 

2- VSCF Generating System 

 

In this drive, the output speed is variable and consequently the output generator 

frequency is variable.  To provide an AC voltage with a constant frequency of 400Hz, a DC-

link is formed between the generator side and the AC loads, as shown in Fig. 2-b using 

AC/DC and DC/AC power converters, or by using a cycloconverter (AC/AC converter) as 

shown in Fig. 2-c. The DC-link provides additional benefit for feeding high voltage loads and 

charging batteries [5]. 
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3- VF Generating System 

 

In this technique, the speed of the engine is variable and hence, the generator frequency 

is varied from 360-800Hz with an output voltage of 200V. The VF drive system is the simplest 

form of generating power, cheapest and the most reliable. Variable frequency voltages have 

impact upon other aircraft subsystems like motors and controllers existed onboard. 

 

4- Auxiliary Power Unit (APU) 

 

The power used in normal fight conditions by the entire aircraft is generated by AC 

generators driven by the main engines. During the ground maintenance and for the engine 

starting, the power is provided by the APU. Most aircrafts can use the APU during the normal 

flight conditions as backup power sources, in case of generators failure. Auxiliary Power Unit 

is a constant speed generator with a three phase output of 400Hz and 200V. 

 

5- Emergency Power Source 
 

In case of the generators or APU failure, Ram Air Turbines (RAT) or fuel cells are used 

as emergency power sources. RAT is a constant speed generator with a three phase power of 

400Hz and 200VAC. Fuel cells are used as emergency power source with DC output. The fuel 

cells need power converters for interfacing issues. Batteries are used also to provide 

emergency power in case of alternative/back-up sources of power are lost or unavailable. The 

fuel cells are normally working with batteries due to their slow chemical reactions [8-9]. Thus, 

the batteries are responsible for supplying power in transient periods and the fuel cells are used 

in steady state operations. 
 

6- Ground Power Unit 
 

For long periods of aircraft operation on the ground, a supply of power is needed for 

maintenance and testing. Ground power can be generated by means of a motor-generator set. 

The usual standard for ground power is three-phase 200VAC 400 Hz, which is the same as the 

aircraft AC generators [10].   

 

 
Figure 2. Electric power generation development of civil aircrafts 
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DISTRIBUTION POWER SYSTEMS OF AIRCRAFTS 

 

1- Conventional Aircrafts 

 

Conventional aircraft electric power system often consists of two or more engine-driven 

generators to supply AC loads throughout the aircraft. While engine driven-generators are 

singly connected to the distribution buses in some civil aircraft configurations (i.e. each 

generator is responsible for a specific numbers of buses) almost all American and European air 

forces use the parallel connection configuration. In this configuration, the main generators bus 

bars are connected together through Bus-Tie Breaker (BTB). In the event that one generator 

should fail it is automatically isolated from its respective busbar and all busbar loads are then 

taken over by the operative generator. Should both generators fail however, nonessential loads 

can no longer be supplied, but the batteries will automatically supply power the essential 

services and keep them operating for a predetermined period depending on load requirements 

and battery state of charge.  

In conventional aircraft system, the synchronous generator supplies AC voltage at 

constant frequency to the AC loads in the aircraft power system [11-13]. AC/DC rectifiers are 

used to convert the AC voltage with fixed frequency at the main AC bus to multi-level DC 

voltages at the secondary buses which supply electrical power to DC loads as shown in Fig. 3.    

 

 

Figure 3. Conventional B767 aircraft power distribution system 

 

2- More Electric Aircrafts 

 

Advances in power electronics, control systems, motor drives, and electric machines 

helped in developing new technologies of the VSCF system. The main advantage of this 

system is that it provides better starter /generator systems. Other advantages are; higher 

reliability, lower recurring costs, and shorter mission cycle times. VSCF systems employ an 

AC three-phase synchronous generator and solid state converters. Each solid state converter 

consists of (a) a rectifier unit which converts a variable frequency AC voltage into DC, (b) an 

intermediate circuit and (c) an inverter which then converts the DC into three-phase AC 

constant frequency voltage. The schematic of a typical variable-speed constant-frequency 

starter/generator system [13-15] is shown in Fig. 4. 
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In the generating mode of VSCF system, the aircraft engine, which has variable speed, 

provides mechanical input power to the electric generator. The electric generator then supplies 

variable frequency AC power to a (bi-directional) power converter which provides AC 

constant frequency voltage to the main bus. In the motoring mode, the constant frequency AC 

system, via the bi-directional power converter, provides input electric power to the electric 

machine which acts as a starter to the aircraft engine. Synchronous, induction, and switched 

reluctance machines are competing candidates for VSCF starter/generator systems. 

Comparison of these machines for aircraft power system applications is mainly based on the 

weight, power density, efficiency, control complexity and features, complexity of design and 

fabrication, reliability, and thermal robustness, as well as economics. 
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Figure 4. More electric aircraft power distribution system 

 

3- Latest MEA Aircrafts 

 

The latest aircraft power system distribution for B787/A380 [16] is shown in Fig. 5. The 

power rating of the main generator may reach 1MVA, while, the APU generator rating may 

reach 450kVA. Here the primary AC bus is characterized by its higher rating voltage of 400V 

with frequency range of 380-800Hz, instead of 200V as previous systems. The primary AC 

power bus feeds the 270V HVDC through Auto-Transformer Rectifier Unit (ATRU), 

secondary AC bus of 200V and frequency of 380-800Hz through Autotransformer Unit 

(ATU), the 28 VDC bus through Transformer Rectifier Unit (TRU) and primary AC Loads. 

The primary power distribution system consolidates the aircraft electrical power inputs and it 

can accept power from the main aircraft generator, APU generator, ground power and/or RAT 

generator when deployed by the emergency electrical system. 

The secondary AC bus has a lower voltage of 200V than the primary bus with variable 

frequency of 380-800Hz. Both variable frequency and fixed frequency of 400Hz AC loads are 

fed from the secondary bus at the same voltage rating of 200V. This bus can supply critical 

DC loads in case of failure in DC bus by AC/DC power converters. The 270HVDC bus is 

found in MEA and latest version of B787 and/or A380. The ATRU is used to convert the 

400V of primary AC bus to the 270VDC. The HVDC bus feeds only the large motor such as 

actuation motors and hydraulic pumps.  
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The 28VDC bus exists in all aircraft systems. The TRU is used to convert the high 

voltage of the primary AC bus to the 28VDC. The 28VDC bus feeds the low voltage DC loads 

as well as charging the batteries onboard. It can also feed the critical AC loads in case of 

secondary AC bus failure through using DC/AC power converters. In case of emergency, the 

most important AC or DC loads are fed from RAT, fuel cell stacks and from the 28 VDC bus 

by using DC/DC converters. 
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Figure 5. B787/A380 aircraft power distribution system 

 

 

AIRCRAFT ELECTRICAL LOADS 

 

Once the aircraft electrical power has been generated and distributed then it is available 

to the aircraft services.  These electrical services cover a range of functions spread 

geographically throughout the aircraft depending upon their task.  While the number of 

electrical services is legion they may be broadly subdivided into the following categories [17]: 

motors and actuation, lighting services, subsystem controllers, avionics systems and heating 

devices. The different motor applications in the aircraft are shown in Fig. 6. The number of 

motors and the power requirement associated with each type of application for existing 

popular aircrafts are listed in Table 2 [18]. Large aircraft may have twice as many loads, as 

well as higher power requirements for each load. 

The availability of adequate lighting is essential to the safe operation of the aircraft.  

Lighting systems includes external lighting such as navigation, strobe, landing/taxi, formation, 

inspection, emergency evacuation and logo lights. Internal lighting includes cockpit/flight-

deck, passenger service and emergency/evacuation lighting. The heating load represents the 

power needed for anti-icing or de-icing systems which can consume many tens of kVAs.   

The actuation load represents the power needed for the operation of electric actuations 

inside the aircraft. Although electric actuation needs electric motors, power converters and 
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controllers, it provides many advantages over using the hydraulic and mechanical 

counterparts. These potential benefits may include the following.  

1) Reduced maintenance due to the modular nature of the system.  

2) Increased functionality since there is individual control of each surface element. 

3) Improved fault detection, as all monitoring is electronic and transmitted to the pilot. 

4) Wear and degradation can be easily monitored by the sensor control systems. 

5) Reduced mass and higher efficiency than mechanical actuators. 

 

 
 

Figure 6. Onboard motor applications and their functions 

 
Table 3. Potential Motor Drive Applications for Aircrafts 

 

Application Number of motors Rating/motor 

Air conditioning & cooling fans 11 1kVA-6kVA 

Flaps & slats  2 5-6kVA 

Fuel & override pumps 4 9-10kVA 

Fuel boost pumps 6 3-4kVA 

Hydraulic pumps 4 9-10kVA 

 

 

CONCLUSIONS 

 

Detailed power distribution systems of conventional and advanced more electric aircrafts 

are explained and demonstrated. The latest more electric aircrafts are characterized by a higher 

power rating that may reach 1MVA per generator than the conventional aircraft that has a 

power rating of 90kVA per generator. The advances in power electronic switches and control 

devices make it possible to provide a multi-voltage distribution system inside the aircraft that 

have variable and fixed frequency supplies with different voltage ratings. Moving towards 
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aircrafts that are more electric enhances the overall efficiency of the system, increases the 

reliability, and provides flexibility and economic operations. Electric actuation systems 

provide potential advantages over the hydraulic and mechanical counterparts. Simulation of 

the provided aircraft systems will be provided in future publications. 
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