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Nowadays, the design of large, sophisticated and modern aircrafts aims at the 
improvement of flight economy, reduction of carbon dioxide emissions, reduction 
of weight and guarantee of flight safety. Thereby, More Electric Aircraft (MEA) 
type of a design, such as in Airbus A350, is replacing classic aircraft types. Because 
there are more electrical components in the modern aircrafts, the demand for the 
electrical power capacity is increasing. Thereby, the importance of the electrical 
load analysis (ELA) and capability to update it, allowing to define the electrical 
load of an aircraft in different flight phases and different electrical source levels, 
are being emphasized.  

This thesis aimed to develop the electrical load analysis capability for the Airbus 
A350 aircraft in Finnair. The ELA guidelines are aircraft type and airline specific, 
and it is the airline’s responsibility to manage the ELA process and analysis.  

In this thesis, the electrical load analysis process and tool were developed for A350 
aircraft in Finnair. In addition, the process enabling updates to the baseline ELA 
was created. The tool was selected based on evaluating three possible solutions:  
solutions provided by two different service providers and an in-house solution.  

The ELA process and tool developed for A350 in this thesis ensure that Finnair now 
has the complete capability to manage electrical loads when implementing aircraft 
modifications. In the future, aircrafts will contain even more electrical devices and 
systems, which consume more electricity; a concept of All Electric Aircraft (AEA) 
already exists. Thereby, the significance of ELA capability will be emphasized. 
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Nykyaikaisen ja modernin liikennekoneen suunnittelussa pyritään vähentämään 
hiilidioksidipäästöjä ja painoa sekä parantamaan lennon taloutta ja 
lentoturvallisuutta. Vanhempia lentokonemalleja korvataan More Electric Aircraft 
(MEA) -konseptin ja ominaisuuksien kaltaisilla lentokonetyypeillä, kuten Airbus 
A350 lentokone. A350-koneessa on enemmän sähköä käyttäviä laitteita ja 
järjestelmiä, ja tästä johtuen sähkökapasiteetin tarve kasvaa. Sähköntuotantokyvyn 
merkityksen kasvaessa on tärkeää hallita lentokoneen sähkökuormia, jotta voidaan 
varmistua riittävästä sähköntuotantokyvystä jokaisessa eri lennonvaiheessa ja 
jokaisen muutostyön jälkeen, jolla on vaikutusta sähkökuormiin. 

Tämän diplomityön tavoitteena oli kehittää valmius laskea ja hallita A350-koneen 
sähkökuorma-analyysia, englanniksi Electrical Load Analysis (ELA), Finnairissa. 
Lentokonevalmistajien sähkökuormien hallintaan ja laskentaan liittyvä ohjeistus on 
tyyppikohtaista, ja sähkökuorma-analyysivalmiuden luominen on lentoyhtiön 
vastuulla. ELA valmiuden osana kehitettiin ELA-prosessi ja -työkalu, joiden myötä 
Finnair Engineeringillä on valmius päivittää ja hallita A350-koneen ELA 
muutostöiden jälkeen. Työkalun valinnassa arvioitiin kolmea eri vaihtoehtoa, joita 
olivat kahden eri palvelun tarjoajan tarjoamat ratkaisut sekä mahdollisuus kehittää 
oma työkalu Finnair Engineeringille. 

Tulevaisuudessa lentokoneet sisältävät enenevissä määrin sähköä käyttäviä laitteita. 
Tätä konseptia kutsutaan All Electric Aircraft (AEA). Näin ollen sähkökuorma-
analyysivalmiuden merkitys tulee kasvamaan entisestään.  
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1. INTRODUCTION 

Electricity is the fundamental backbone of the modern way we live today. It is an 

uttermost necessity in everything we do. When flying and operating large aircrafts, 

various parts of the aircraft system require energy. The hydraulic power system, for 

example, is used to move flight controls and retract or extend landing gear. The 

pneumatic system, on the other hand, pressurizes the aircraft by the bleed air from 

engines, which is also used in the ice protection system. Electrical power is also 

used for various purposes, such as aircraft lighting and communication, navigation 

and flight management. (Wheeler 2016, pp. 1–2.) 

 

During the World War II, the use of electrical power in aircrafts commenced. In 

those days, technology developed quickly, and new useful systems, such as aircraft 

radar, were introduced and tested for the first time. The radar system used 28V DC 

power, and later 115V AC power 3-phase alternators were introduced.  From those 

times, the number and complexity of aircraft systems and components utilizing 

electrical power has increased rapidly. Also, aircraft electrical wiring, electrical 

sources, routing, connection devices and protection devices have developed along 

these technologies. (Moir & Seabridge. 1992, p. 16–21.) 

 

Nowadays, the design of large, sophisticated and modern aircrafts aims at the 

improvement of flight economy, reduction of carbon dioxide emissions and 

guarantee of flight safety. Thereby, More Electric Aircraft (MEA) type of a design, 

such as in Airbus A350 and Boeing 787, is replacing classic aircraft types.  In order 

to achieve these targets, the design of an aircraft aims to decrease the weight of the 

airframe, resulting in composite structures instead of metallic airframe. In addition, 

electrical components are more and more replacing mechanical, hydromechanical 

and electromechanical components when applicable. 
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Because there are more electrical components in the modern aircrafts, the demand 

for the electrical power capacity is increasing. In addition, flight safety is strictly 

being regulated by aviation authorities. Thereby, the importance of the electrical 

load analysis (ELA) and capability to update it are being emphasized. By default, 

the aircraft manufacturer does not provide a complete solution for ELA, applicable 

to all airlines. Consequently, each airline needs to customize the ELA tool and 

process to suit their own processes and operations. (Civil Aviation Safety Authority 

2017, p. 12.) 

 

1.1 Research objectives and limitations 

This thesis aims to develop the electrical load analysis capability for the Airbus 

A350 aircraft in Finnair. Finnair is a Finnish airline, and it is one of the oldest airline 

operators: the company was founded in 1923. Finnair’s focus nowadays is to 

transport passengers around the world, focusing on Europe and particularly in the 

growing market of Asia. Today, Finnair is part of the One World alliance, and the 

fleet consists of narrow body and wide body aircrafts; for example, Finnair has 19 

firm orders of the A350 aircraft, and already 11 of them are in use. It has been 

estimated that over 100 000 000 passengers will be transported by Finnair during 

2017. (Finnair 2016.) 

 

In overall, Finnair’s number of employees is around 5000 (Finnair 2016.). Finnair 

Engineering is part of Finnair Technical services, and it employs around 50 

technical experts, who are responsible for managing the continuous airworthiness, 

high technical dispatch reliability and operational technical support for the whole 

Finnair fleet. Finnair Engineering is also responsible for developing and deploying 

new technical solutions, processes and tools. (TOPI 2016.) 
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The ELA guidelines are aircraft type and airline specific, and it is the airline’s 

responsibility to manage the ELA process and analysis. Thereby, each airline has 

its own explicit guidelines. In this thesis, the electrical load analysis process and 

tool are being developed explicitly for Finnair using the specific A350 aircraft. In 

addition, the process enabling updates to the baseline ELA is being created. 

 

The main research question in this study is: 

 What is the solution for developing ELA capability for A350 in Finnair? 

The sub-questions are: 

 What are the characteristics of the Airbus A350 electrical power system? 

 What type of issues electricity-wise need to be considered when building 

the ELA capability for MEA aircrafts? 

 

1.2 Research methods and thesis structure 

First in the theory section, the Airbus A350 electrical power system is being 

described, and the electrical load analysis in an aircraft is being introduced. Then 

in the experimental part, ELA capability for the A350 in Finnair is presented.  

 

In chapters 2–3, the thesis concentrates on providing understanding of the Airbus 

A350 electrical system and ELA in general based on a literature review, which is 

the basis for developing the ELA solution. In addition, the differences between 

legacy aircrafts and More Electric Aircrafts are being introduced. The literature 

review has been conducted by studying various technical documentation provided 

by Airbus related to the electrical systems of Airbus aircrafts, especially A350. In 

addition, aviation authority guidelines and specifications have been investigated, 
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and several scientific articles have been explored in order to gain a thorough 

understanding of the theoretical basis.  

 

In chapter 4, the existing ELA solutions are being investigated and evaluated, and 

consequently, the appropriate solution for the A350 ELA process and tool for 

Finnair is being selected and defined. In the end in chapter 5, the resulted solution 

is being discussed and conclusions are being made. 
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2. DESCRIPTION OF THE AIRBUS A350 ELECTRICAL 

SYSTEM  

This section is a literature review of the aircraft electrical system, its generation, 

load distribution, grounding methods, main functions and components. Modern 

sophisticated aircrafts, like the Airbus A350, are nowadays being equipped by 

electrically energized systems. Mechanical, hydro-mechanical and electro-

mechanical aircraft systems are being replaced more and more with components, 

which are energized only by the electric power. (Wheeler 2016, pp. 1–2.) 

 

2.1 Classic aircraft electricity 

The aircraft electrical system generates and distributes electrical power to electric 

loads. It is commonly split into the electrical generation system and electrical 

distribution system. (Schroeter et al. 2012, p. 432.) The main electrical components 

of the classic aircraft electricity are generator, auxiliary power unit (APU) 

generator, transformer rectifier (TR), RAM Air Turbine (RAT), busbar, electrical 

wiring, contactors and main batteries.  

 

In the generator, power is extracted from the engines with engine-driven generators 

or an integrated drive generator (IDG), which provides power to the electrical 

system. IDG is connected to the engine, and it can operate in high or low voltages. 

IDG includes an assembly consisting of constant speed drive (CSD) and AC 

generator. The CSD and generator components are being lubricated and cooled by 

a dedicated oil circuit for each unit, which is independent on the engine oil circuits. 

IDG is rated at 115VAC, 400Hz, 3-phase. (Airbus 2017a.) 

 

When the aircraft is de-energized and the engines are not running, then APU is used. 

Consequently, the APU generator becomes available, and it is supplied by the APU 
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gearbox. This allows cabin to be ready with fresh air and appropriate temperature 

for passenger boarding, before the engines are started. Preflight checks require 

electrical power to test aircraft systems, this is also possible with APU power. APU 

Generator is rated at 115VAC, 400Hz, 3-phase. (Girauda et al. 2013, p. 38.) 

 

The primary functions of the transformer rectifier (TR) are the conversion of the 

115VAC into 28VDC.  TR Line Contactor (TLC) controls the related TR and 

control functions are overcurrent protection and fault detection. (Liao et al. 2016, 

p. 2019).   RAM Air Turbine (RAT) is an emergency device that provides backup 

electrical and hydraulic power when there is a loss of the main generators. RAT can 

be extracted outside of the aircraft in order to generate hydraulic and electric power. 

(Airbus 2017a.) 

 

Busbar delivers power to loads or power conversion equipment. In electric power 

distribution, the busbar’s one function is to protect aircraft components and wiring. 

There are different types of busbars; however, the most common type is a metallic 

strip or bar, and it is commonly located in the electrical power center. Contactor, 

on the other hand, is an electrically controlled switch used to switch power circuit. 

Contactors provide the actuation for reconfiguration of the electric power system. 

(Girauda et al. 2013, p. 37.) 

 

In aircraft, electrical wiring and all electrical circuits must be protected for any 

faults, which may occur in aircraft systems like electrical power. The most 

commonly known faults in wiring are called open circuit and short circuit. When 

electrical circuit becomes disconnected, it is called open circuit. Short circuit is also 

electrical fault, which may occur when one or more electrical circuits makes an 

unwanted connection. One of the most critical electrical faults occurs when the 

positive wire creates connection to the negative connection or ground, this is 

commonly called short to ground. Electrical wiring and its systems are protected 
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mechanically and electrically from faults. In mechanical protection, wiring and 

components are protected from abrasion and excess wear through proper 

installation and proper routing of wiring and by adding protective covers and 

shields. In electrical protection, wires can be protected using circuit breakers and 

other electrical protective devices. The circuit breakers protect also aircraft system, 

if short circuit occurs. (Hamid 2017, pp. 30–31.) 

 

There are different types of batteries in an aircraft, for example nickel cadmium and 

lithium types of batteries. The batteries are used both in normal and abnormal 

situations in the electrical power system. Main batteries are used to provide 

emergency backup power to essential systems and, for example, to provide ground 

power in order to start APU. (Airbus 2017a.) 

 

Alternating current (AC) electrical systems are found in most multi-engine, high 

performance turbine powered aircrafts and transport category aircrafts. AC is the 

same type of electricity used in industry and to power our homes. In the AC 

generating system, 3-phase/115V/400Hz power is generated by engine driven IDG.  

The system operates as two separate, isolated channels, and paralleling of the 

generators is prevented.  APU-driven generator is provided both for ground 

maintenance operations and in-flight back-up of the main engine-driven generators.  

Usually any single generator has sufficient capacity to supply all electrical loads 

which are essential for a safe flight.  Depending on the aircraft type, a certain 

required number of generators must be operative for the airplane to dispatch.  

During ground operations, electrical power can be provided from either APU or a 

Ground Power Unit (GPU) source through the external power receptacle.  Ground 

power can be used to energize all main power busbars or only those electrical loads 

required for maintenance, servicing and cargo handling.  (Girauda et al. 2013, p. 

37.) 
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Main AC busbars distribute essential AC electrical loads.  Non-essential loads, such 

as galleys, In Flight Entertainment (IFE), seat power and lavatory water heater are 

connected to the utility busbar.  Normally each generator energizes the associated 

main AC and utility busbars.  If the electrical system is reduced to one source during 

flight, the system will automatically reduce the non-essential and commercial 

electrical loads. The 28V AC main busbars, supplied through auto-transformers 

from the main 115V AC busbars, are provided to supply miscellaneous 28V AC 

loads. (Airbus 2017a.) 

 

The Airbus A330 electrical system schematic architecture is shown in figure 1. The 

metallic structure of an aircraft performs functions such as electrical bonding and 

grounding. It is very critical to have appropriate grounding in the aircraft in order 

for the electrical circuit to function properly. (Airbus 2017a.) 

 

Figure 1. A330 electrical system schematic architecture (Airbus 2017a). 
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An aircraft certified according to extended-range twin engine operational 

performance standard (ETOPS) is capable of flying with only one engine running 

for certain time limits. The AC transfer busbars of such aircrafts supply ETOPS 

electrical loads, which are normally fed form main AC busbars respectively.  These 

include emergency lighting, navigation instruments, flight control and engine probe 

heaters. (EASA 2010.) 

 

Direct current (DC) is used in systems that must be compatible with battery power. 

In DC, transformer rectifier (TR) provides 28V DC power. In normal operation, all 

TRs are used to feed the DC distribution. The system normally operates 

independently.  In the event of TR failure, the DC busbar tie contactor automatically 

closes, enabling the remaining TR to supply both main DC busbars.  TR is also 

connected to the AC ground handling bus, powering the ground handling DC loads. 

(Airbus 2017a.) 

 

AC and DC contactors are controlled by Electrical Contactor Management Unit 

(ECMU). ECMU manages also shedding action in the electrical system. In case of 

overload occurrence, there is an automatic function in the electrical system, which 

is generally called load shedding. Load shedding electrical circuits disconnect non-

essential aircraft electrical loads if the overload condition occurs during ground or 

flight operations. Non-essential loads are for example IFE, galley and seat power 

loads.   On the ground with engines at idle, the galley and utility loads are shed if 

the source supplying the busbar is overloaded.  In order to restore these loads, 

manual resetting of the utility busbar switches is required.  These loads are also 

shed if APU bleed air is used to start an engine, while the APU generator is 

supplying the electrical load.  After engine start, the galley and utility loads are 

automatically reconnected. In flight or on the ground with engine throttles 

advanced, some commercial and galley loads are automatically shed, whenever less 

than all generators are supplying both AC buses. (Airbus 2017c) 
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No break power transfer (NBPT) allows continuous power supply without any 

break during main electrical transfer. For example, in flight preparation phase, 

when power transfers from APU generator to IDG, it is mandatory to have NBPT 

functioning, because the navigation alignment system will not align if continuous 

power is not available. (Airbus 2017a.) 

 

If a failure of one of the main generators occurs during the flight, remaining 

generators supply both AC busbars. Aircraft dispatch is possible with one or more 

unserviceable generators, because APU generator is designed to be used during the 

flight as well. If a complete loss of main AC systems occurs, emergency generator 

(RAT) supplies all essential loads, which are critical to manage a safe flight. The 

main battery and static inverter provide also backup power to critical loads. (Airbus 

2017a.) 

 

2.2 Airbus A350 electrical system 

The Airbus A350XWB (Extra Wide Body) is a mid-size and long-range aircraft. It 

is designed for commercial flights, both passenger and cargo transportation. A350 

has two high-bypass turbofan engines. Type certification for A350 was accepted by 

European Aviation Safety Agency (EASA) in September 2014, and FAA (Federal 

Aviation Administration) type certification followed further on in the same year. 

Qatar airlines was the first A350 launch customer and operator, and the first A350 

aircraft was delivered to Qatar in December 2014. (Airbus 2015.) 

 

There are three different branches in the A350 program: A350-800, -900 and -1000. 

The main difference between them is the cabin layout. A350 is designed in a way 

that pilot transition training from other Airbus programs to A350 program is smooth 

and easy and does not take a long time, because commonality is high, for example, 

between A330 and A350 aircrafts. A350 has a common type of rating with the A330 
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aircraft, meaning that pilots are certified to fly both aircraft types. These economical 

aspects are crucial and important for airlines. (Airbus 2011.) 

 

Like Boeing B787 Dreamliner, A350 is a modern and efficient aircraft. It utilizes 

new technologies, such as new fuselage, and is built of carbon fiber reinforced 

plastic (CFRP), which leads to lower fuel burn, lower maintenance costs and lower 

CO2 emissions. In A350, the composition of the CFRP is 53% of used materials. 

A350 wing is designed for high performance, and the wing material is carbon 

composites, including droop-nose leading edge devices and new adaptive dropped 

hinge-flaps. Compared to classic aircrafts, the operational efficiency and passenger 

comfort are in the next level. For example, the cabin is more silent and cabin altitude 

is lower than in classic aircrafts; these features improve passenger comfort. (Airbus 

2015.) 

 

Electrical power in A350 aircraft can be divided into four main functionalities: AC 

and DC generations, AC and DC load distributions, external power and electrical 

structure network (ESN). The primary function of electrical power is to provide 

energy and supply it to the aircraft’s functions, such as galleys, inflight 

entertainment system and other aircraft systems and components. (Airbus 2017c.) 

The A350 electrical system has three types of power sources, as presented in figure 

2: VFG (variable frequency generators) in engines two per side, APU generator and 

emergency generator driven by the RAT. The three different and separated 

electrical networks consist of 230V and 115V AC networks and 28V DC network.  

(Terörde et al. 2015, pp. 1782–1783.) 
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Figure 2. A350 electrical system description (Airbus 2011). 

AC generation system consists of external power, APU generator, four ATU´s 

(Auto Transfer Units) and four main generators. External power is used when 

aircraft is on ground, and it supplies power to the electrical network and required 

aircraft systems via GPU. APU generator is used for supplying power to the aircraft 

electrical network when the APU is available and usually when other or part of the 

electrical sources are not available. (Airbus 2017c.) 

 

Four Variable Frequency Generators (VFG) are the main electrical sources in 

normal operations. Each engine drives two main generators, which are installed 

below the engine structure in series. The generator supplies 230VAC at variable 

frequency and normal power of 100kVA to the 230VAC network. The function of 

ATU is to convert 230VAC into 115VAC to supply the 115VAC network. ATU is 

rated for 60kVA and its frequency range is from 360Hz to 800Hz. Most of the AC 

system and system components use 115VAC. Two ATUs are designed for normal 
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operation and two for emergency operation. (Zhuoran et al. 2017, pp. 34–36, Airbus 

2017c.) 

 

The DC generation system consists of four TRUs (Transformer Rectifiers Unit) and 

four batteries. Two TRUs supply their related 28VDC busbars DC1 and DC2. Other 

two TRUs are for emergency operation. There are four interchangeable lithium-ion 

batteries, and two of the batteries are designed and used for NBPT (No Break Power 

Transfer), which means that electrical power is continuously available in the event 

of changing power source. These two batteries also provide standby DC power and 

power on ground if AC network is de-energized. Other two batteries are designed 

to provide temporary power in an emergency. (Airbus 2017c.) 

 

In emergency configuration during the flight, electrical power is required for 

several aircraft systems and components to manage safe landing to the nearest and 

most appropriate airfield. For this reason, there are AC and DC emergency 

networks. Related emergency networks are installed in EPDS (Electrical Power 

Distribution System). In normal configuration, 230VAC busbar supplies the 

emergency network. (UTC 2015) 

 

Furthermore, if all engines are lost or there is a loss of the main electrical supply, 

RAT must be deployed to gain electrical power, and the RAT generator energizes 

the required AC and DC emergency networks in the emergency configuration. For 

the 115VAC power in normal or emergency configuration with the RAT deployed, 

each emergency ATU supplies its 115VAC busbar. In the emergency configuration 

during flight, RAT is deployed and the static inverter supplies 115VAC to part of 

the AC emergency network on 115VAC busbar. For 28VDC power in emergency 

configuration with the RAT deployed, the emergency TRs supply the DC 

emergency network. In battery-only-configuration, each emergency battery 

supplies related DC emergency network. (Airbus 2017c.) 
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Load distribution in AC and DC networks are managed with EPDS. EPDS supplies 

electrical power to the aircraft systems with three different voltages via different 

networks. These networks are: 

 230V AC network, which energizes high power consumers like fuel pumps, 

actuators and heating components. Other AC busbars and emergency 

busbars are energized as well. 

 115V AC network, which supplies commercial loads like IFE and galley 

inserts, such as the oven and coffee maker. 

 28V DC network, which energizes DC busbars and DC emergency busbars. 

 

ATU´s responsibility is to supply 115V AC network from 230V AC network. When 

engines are not running and APU is not available, the ATU enables the conversion 

of 115V AC from GPU to 230V AC. TRU´s and DC busbars are energized via 

TRU´s from 230V AC network. Bus tie contactors are designed for managing 

different busbars. They are automatic, enabling reconfiguration by connecting or 

disconnecting AC and DC busbars. (Airbus 2017c.) 

 

EPDS consists of EPDC1 (Electrical Power Distribution Center) for side 1 and 

EPDC2 for side 2. EPDCs receive AC and DC electrical power from different 

generators. Each EPDC manages electrical protection and/or switching devices, 

which are: 

 AC and DC contactors 

 AC and DC circuit breakers 

 AC and DC RCCB´s (Remote Control Circuit Breakers) 

 PCB´s (Printed Circuit Boards). 
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EPDCs have functions to manage their related side: the protection and management 

of the distribution network and the management of electrical loads to prevent 

overload conditions. (Airbus 2017c.) 

 

In A350 load shedding has similar principles comparing to classic electrical power 

system. ELMF (Electrical Load Management Function) manages the automatic 

shedding of cabin and galley loads to prevent overload situation in electrical power 

system in relation to system availability to supply the electrical network. For 

example, shedding occurs when high consumption user like electrical motor pump 

is energized to pressurize the hydraulic system.  (UTC 2015) 

 

In A350 aircraft, the airframe is not metallic structure anymore like in classic 

aircrafts. CFRP (Carbon Fiber Reinforced Plastic) is used for the A350 structure, 

including aircraft skin. The use of carbon material in A350 structures and skin leads 

to several advantages, for example, weight saving and lower maintenance costs. 

This also leads to differences in system functioning compared to the metallic 

structure, such as electrical bonding, electrical grounding and voltage reference. 

Two metallic networks ESN (Electrical Structure Network) and MBN (Metallic 

Bonding Network) (figure 3) ensure proper functioning of the electrical bonding 

and electrical grounding in the A350 aircraft. (Guadalupe et al. 2016, p. 401.) 
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Figure 3. Electrical and metallic networks (Airbus 2011). 

 

ESN network is implemented in the fuselage. It ensures proper functioning of the 

electrical circuits, aircraft systems and passenger safety in the occurrence of a 

lightning strike. ESN is composed of different elements: 

 Structured metallic elements with ESN function: metallic frames and 

crossbeams, seat tracks, roller tracks and L-brackets 

 Mechanical elements: avionics bay racks, mechanical junctions and cabin 

furnishing structures in the crown area 

 Specific ESN components: raceways, flexible junctions and ESN cables. 

MBN network is covered in non-pressurized areas like wings and tail cone. MBN 

has been designed for similar tasks as ESN. (Airbus 2017c.) 
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2.3 Special features of the A350 electrical power system 

According to literature, the Airbus A350 is not a completely MEA aircraft, such as 

Boeing 787 or Airbus A380 aircrafts; the A350 electrical system is somewhere in 

between MEA and classic aircrafts. For example, B787 has no bleed system in the 

engine, being the first commercial airplane to have an electrically powered 

pneumatic system, unlike A350, which has a conventional pneumatic system. 

(Wheeler 2016, pp. 1–2.)  

 

A350 consists of more electrically powered systems, field loadable software, 

telecommunication networks and sensors which require good control and 

management of the electrical power distribution, loads and electrical calculation. 

The A350 electrical power system provides three different voltages, the usual DC 

voltage 28V and AC voltage 115V, like in classic aircrafts, but in addition, A350 

uses 230V AC voltage. This distribution is possible mainly with four ATUs and 

four VFG generators. (Airbus 2017c.) 

 

The A350 aircraft electrical system is complex. It has approximately hundreds of 

kilometers of wiring, 90 busbars and different kinds of protection, such as circuit 

breakers, SSPCs (Solid State Power Controller) and RCCBs, which are responsible 

for distributing and controlling electrical power in an aircraft. Due to the complexity 

of the system, power electronics, such as SSPCs are required in order to manage 

the system. Power electronics have three functionalities: on/off switching of 

electrical loads, control of the electric component and conversion of power and 

regulation. In the classic electrical system, this is mainly done with mechanical 

switches and relays. (Seresinhe 2014, p. 29.) 

 

A350 aircraft has also special features, such as carbon fiber based composite 

structures used for the wing and fuselage, which are electrically non-conductive and 
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cannot be used for grounding purposes, unlike aluminum structures in classic 

aircrafts. This means that additional network is required to take this role, and 

thereby, A350 is equipped with ESN and MBN to ground its electrical current. 

(Guadalupe et al. 2016, p. 401.) ESN ELA calculation is required in the A350 

aircraft in order to confirm that future aircraft modifications will not overload the 

grounding capability in ESN. (Airbus 2016.) 

 

New electronically controlled and energized systems, such as the electrical backup 

for a hydraulic system, have replaced partially classic aircraft systems, when the 

A350 was introduced. A350 has only two hydraulic systems, whereas the classic 

wide body aircraft has three. A350´s dual electrical systems provide the critical 

flight control redundancy by Electro-Hydrostatic Actuators (EHAs) that use 

electrical power to move surfaces of the flight controls. (Airbus 2017c.) The 

implementation of new electrically driven actuators and other electrically driven 

systems and components have led to the demand of more electrical power to be 

supplied for generators and batteries. The control on the electrical loads, busbar 

limits and electrical distribution within the system is more important than ever to 

be secured and managed. (Girauda et al. 2013, pp. 37–38.) 

 

If AC power feeders are unbalanced, the risk of overload situation is increased, 

efficiency is not in appropriate level and the aircraft electrical power system is 

oversized.  The purpose of phase balancing is to find optimal phase swapping 

scheme to balance unbalanced power feeders. In addition, the purpose is to reduce 

aircraft weight by shifting electrical loads between the phases of AC power feeders. 

(Terörde et al. 2015, p. 1781.) 
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3. ELECTRICAL LOAD ANALYSIS (ELA) IN AIRCRAFT 

The electrical load analysis (ELA) is an analysis allowing to define the electrical 

load of an aircraft in different flight phases and different electrical source levels. 

The flight phases are start phase, roll phase, take-off phase, climb, cruise phase, 

descent, landing phase and taxi phase. The levels are power source level, converter 

level and distribution level, where electrical distribution occurs in the different 

aircraft systems via busbars. (Civil Aviation Safety Authority. 2017, p. 14.) 

 

3.1 Description of ELA 

ELA is an analysis allowing evaluation of the electrical system capacity required to 

supply the different combinations of electrical loads. This is achieved by evaluating 

and calculating operational and maximum electrical values in different flight 

phases. The aim of the electrical load analysis is to ensure that future modifications 

and additions of equipment, which consume electrical power, do not exceed the 

generating capacity of the available on-board electrical power. The operator or 

airline is responsible for updating the aircraft ELA. Documentation provided by the 

aircraft manufacturer demonstrates electrical load data status at the time of the 

aircraft delivery. It provides details of the electrical loads in each individual 

electrical busbar and generator, and the goal is to prevent an overload situation in 

any flight phase. This baseline ELA data is the basis for operators to calculate and 

maintain the record of all changes to the aircraft electrical loads after any 

modification in the aircraft systems, throughout the operational life of the aircraft. 

(Airbus 2017b.) 

 

When an aircraft modification influences the electrical distribution system, the 

nominal power, maximum value and operational value for each flight phase must 

be determined. If the actual operational values cannot be determined, maximum 

load values should be used. These changes to the electrical loads must be analyzed 

to ensure and maintain the electrical load integrity of the aircraft electrical 
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distribution system. A defined decision-making process can be helpful when 

assessing the compatibility of the aircraft electrical system to ensure that the 

proposed aircraft modification complies with requirements of the various electrical 

configurations. (CASA 2017, pp. 9–10.) 

 

3.2 Definition of ELA calculation 

ELA calculation must be done in different flight phases because electrical loads are 

different depending on the phase of the flight. This is defined and required in 

aviation authority’s regulations. (EASA 2017.) Ground phase is defined basically 

when all wheels are in contact with ground, engines are not running and aircraft is 

connected to GPU or powered by APU. In A350 aircraft, the ground phase consists 

of 6 sub-phases varying from 0 to 90 minutes due to the reason that electrical loads 

are different depending on the phase in ground operation. (Airbus 2017b.) 

 

Flight phases are divided into eight different phases: 

 Start phase is from start of the engines to start of roll 

 Roll phase begins when aircraft is leaving the gate and taxiing to runway 

in order to start take-off roll. The roll sequence lasts until the landing gear 

is not compressed any more. 

 Take-off phase begins from the moment the aircraft rises from the surface 

and lasts to altitude of 1500 feet. 

 Climb starts at 1500 feet ending at aircraft cruise level or stabilized level 

 Time window of cruise phase is from the end of climb to start of descent. 

Major part of the flight is covered normally with cruise phase. Electrical 

consumption is in the highest level in this phase because all galley 

components, like ovens and coffee makers, are energized during this 

period. 

 Descent starts when aircraft leaves the cruising altitude and ends at 800 

feet. 
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 Landing phase commences at 800 feet when landing gear is in down 

position until touchdown and rollout. The aircraft is at low speed under 

control and the landing phase ends when aircraft is ready to start taxiing. 

 Taxi phase is from touchdown to the moment when the engines are not 

running and aircraft is parked. (Airbus 2017b.) 

 

According to A350 delivery ELA (Airbus 2017b), the total electrical loads, 

described in figure 4, show that loads vary in different flight phases. In cruise phase, 

the power demand is higher than in the descent phase because galley inserts, like 

ovens, are being energized. The dark blue color shows the not sheddable power 

demand in kVA and the light blue color the sheddable power demand in kVA.  

  

Figure 4. A350 total electrical loads in different flight phases (Airbus 2017b). 

ELA analysis is achieved by evaluating and calculating operational and maximum 

values in different flight phases. A calculation method must be used to evaluate 

post-delivery modifications, such as Airbus service bulletin (SB), to confirm that 

the new modification will be within the limits of electrical power sources and 

network capabilities. In the A350 aircraft, ELA calculation must be made in four 

different levels (figure 5). These levels are: 
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 Power source level, which consists of the generator, emergency generator 

and batteries. This part gives breakdown of the busbar loads for each main 

power source like VFG. 

 Converter level, which consists of TR and ATU. 

 Electrical distribution level consisting of busbars. This part gives the 

nominal power rating and the maximum and operational loads at each C/B, 

RCCB and SSPC connected to a specified busbar for the different ground 

and flight phases. 

 Grounding and bonding level consisting of the electrical structure network. 

This calculation is only made by the aircraft manufacturer. (Airbus 2016.) 

 

 

Figure 5. Electrical load levels (Airbus 2016). 
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In A350 aircraft, the airframe is not a metallic structure anymore like in classic 

aircrafts. Carbon material is used for the structure, including aircraft skin. Two 

metallic networks, ESN and MBN, ensure proper functioning of the electrical 

bonding and electrical grounding. This network of current return (ESN) has to be 

taken into account when calculating ELA in A350 aircraft. (Guadalupe et al. 2016, 

p. 401.)  

 

According to Airbus electrical load analysis manual, the following assumptions and 

design criteria must be used when updating and calculating ELA. The load demand 

is calculated for a stabilized situation after the first five minutes of operation. 

Equipment of the aircraft system that operates in stabilized condition has PF (power 

factor) close to 1. Consequently, calculations with true power factors would not 

significantly reduce loads at the VFG level, and loads described in the ELA are the 

result of arithmetical calculations based on assumption that PF is equal to 1. (Airbus 

2016.) 

 

The power consumption types are nominal power, operational consumption and 

maximum consumption. Nominal power is specified as power consumption under 

230V or 115V for AC loads and 28V for DC loads at their input. In addition, 

nominal power can be the sum of several equipment loads and used for the selection 

of the protection rating and for wiring sizing. The operational and maximum load 

values are ratios of nominal power, and they are computed by multiplying nominal 

power by the duty cycle and the simultaneous use ratio, where: 

 Duty cycle is the time during which the component or system is supplied / 

time during component or system is not supplied. 

 Simultaneous use ratio is the value based on flight conditions and number 

of passenger. (Airbus 2016.) 
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Operational permanent consumption corresponds to the most probable power 

consumption in normal operating conditions, and it is used for calculating electrical 

load analyses in degraded configuration, for example, in loss of electrical power 

sources. Maximum permanent consumption corresponds to the most probable 

power consumption in the most unfavorable conditions, and it is used for 

calculating electrical load analyses in normal configuration. (Airbus 2016.) 

 

The classification of permanent and intermittent loads is described in table 1.  

Considering overload capabilities at the power source level, the loads are classified 

as permanent and intermittent based on their duration of operation. 

 

Table 1. Permanent and intermittent load classification (Airbus 2016). 

Load type < 30 seconds 30-300 seconds >300 seconds 
AC load  INT INT PERM 

 
DC load  INT PERM PERM 

 

Certain aircraft systems consume lots of electrical power or are critical to the safe 

flight management, such as air-conditioning and pneumatic system, auto flight 

system, galley loads, fire-detection system, fuel system, lightning system, flight 

control system and ice and rain protection system. When calculating ELA, duty 

cycles of these systems must be considered. 

 

Electrical load for the air-conditioning and for pressurization is based on a system 

having two air conditioning packs and 8 zones of temperature control.  Automatic 

and manual override electrical control is provided for the system.  In general, these 

loads operate continuously at 100% load throughout ground phase and all flight 

phases. Electrical power is also provided for cabin recirculation fans.  They are 

assumed to operate continuously except during single VFG operation. When the 
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right circulation fan is shed, then the electrical power for the forward equipment 

cooling fans is provided.  One fan is operating during all operational conditions.  

Entries for two aft ventilation fans are provided but only one will normally run.  

Separate heater and fan are used for heating the aft cargo compartment with 70 % 

duty cycle. (UTC 2015.) 

 

Generally, automatic flight system loads operate at 100 % from engine start through 

landing. During category III Autoland operation (low visibility approach and 

landing), the relevant loads, normally connected to the AC busbar, will be 

connected to the inverter/TR in order to confirm continuous power in case of AC 

load interruption. Communication loads include aircraft transmitter and receiver 

equipment, passenger address, cockpit voice recorder and passenger entertainment 

equipment like IFE.  Operation of the radios is based on 10 % of the total operating 

time on transmit and 90 % of the time in monitoring mode. (Airbus 2017c.) 

 

During airplane loading, with only one GPU available, 40 % galley load is allowed.  

On the other hand, during cruise phase when all four VFG generators are operating, 

100 % galley load is available. During descent and landing, 10 % galley load 

demand is available. Automatic load shedding of non-essential circuits will de-

energize galley loads during degraded operations in flight. (UTC 2015, Airbus 

2017c.) Fire, overheat and smoke detection systems are operated in standby and in 

monitoring mode throughout the ground and flight phases.  Actuation of the 

detection systems and fire extinguishers is not included for the normal flight 

operation. (Airbus 2017c.) 

 

Electrical load for the fuel system assumes the use of six fuel pumps during all flight 

phases. One fuel pump is connected to the ground service busbar to supply fuel for 

continuous ground operation of the APU.  The remaining pumps are supplied from 

the main AC busbars. DC fuel pump supplied from the battery busbar is provided 
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for APU start-up when the AC power is not available.  AC power is assumed 

available during all flight modes. The indication and recording system consists of 

engine indication, flight data recording and flight warning systems, and they operate 

at 100 % utilization. (Airbus 2017c.) 

 

In the aircraft lightning system, anti-collision lights are operated continuously at 

100 % during engine start and throughout the flight.  Nose gear landing lights and 

wing landing lights are operated full time only during take-off and landing.  Runway 

turn-off lights are operated during taxi and landing only. Electrical loads for the 

navigation systems, including air data systems, heading, attitude and weather radar, 

are 100 % in all flight phases. The oxygen pressure indication system is on during 

all flight phases. In the pneumatic system, continuous power is required for air 

supply status indication and duct pressure transmitters. (Airbus 2017c.) 

 

In the electrical power system, there are no indicated electrical loads for the GCU 

when the associated VFG source (engine) is operating.  The GCUs receive primary 

control power from the AC system VFGs when the latter are rotating.  Backup 

control power is provided to each GCU from the hot battery busbars. In the flight 

control system, electrical loads related to control and position indication of the 

flight control surfaces are operated continuously at 100 % during engine start and 

throughout the flight. Trim actuators and hydraulic valves are all momentary, and 

alternate flap and slat control motors are used only as a back up to the primary 

system. (UTC 2015.)  

 

In ice and rain protection, window heaters are used for de-icing and de-fogging of 

the cockpit windows.  When switched on, heating power for the front windows is 

thermostatically modulated by temperature sensors.  The load has been estimated 

at approximately 25 % full load on the ground, 50 % full load during take-off and 

landing and 90 % full load during cruise. The electrical load for the multi-function 
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probes is based on the installation of 3 probes.  These loads are self-modulated by 

the characteristic resistance of the heater element.  The utilization of power is 

estimated at approximately 25 % during ground operation and 65 % during take-

off, cruise and landing. (Airbus 2017c.) 

 

3.3 Main airworthiness requirements related to ELA 

Nowadays ELA calculations, updates and reporting are mandatory because there 

are laws and regulations concerning the safe and appropriate electrical power load 

in aircrafts. To be ELA compliant with all regulations and guidelines, certain 

requirements need to be followed. European Aviation Safety Agency’s (EASA) CS-

25 certification specifications define requirements regarding electrical load 

demands and electrical power system capacity of large aircrafts (table 2). Thereby, 

these requirements apply to the A350 aircraft. There are also other requirements 

and guidelines defined by different aviation authorities and aircraft manufacturers, 

for example for special aircraft uses, such as military aircrafts, but these do not 

apply to A350. (EASA 2017.) 
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Table 2. ELA airworthiness design standards and requirements (EASA 2017). 

Certification 
specification 

Description 

CS-25 EASA CS-25 is about certification specifications for large 
airplanes 

CS 25.1165 (b)  Engine Ignition Systems 

CS 25.1310 (a, b)  Power source capacity and distribution 

CS 25.1351 (a, b, d)  Electrical systems and equipment – general 

CS 25.1355 (b)  Distribution system 

CS 25.1585 Operating procedures 

CS 25.1729 Electrical wiring interconnection system (EWIS 
ICA) 

 

CS 25.1165 (b) applies to battery and generator design criteria, relating to the 

electrical features and capability to procure electrical energy in an aircraft. These 

need to meet the simultaneous demands of the engine ignition system and the 

demands of any electrical system components that uses electrical energy from the 

same source. (EASA 2017.) 

 

In A350, each engine has two ignitors, which are normally powered from the main 

left and right AC busbars and which can be powered from the 115V AC stand-by 

busbar by selecting the appropriate ignition control switch position.  Each ignitor 

has the average demand of 20W. Ignitors have a pulse rate of 1 to 5 per second, 

with instantaneous peak demand of approximately 60W each.  The maximum 

instantaneous demand of four ignitors, even assuming the worst case of 

synchronous operation combined with other stand-by AC loads, is within the 1500 
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VA overload rating of the inverter; in addition, it is well within the short-term 

capacity of the battery. (Airbus 2017c.) 

 

CS 25.1310 (a, b) defines that aircraft power sources like VFG, APU generator, 

batteries and converters must be able to supply the required power loads in probable 

operating combinations and for probable durations. A350 electrical system has the 

appropriate level of capacity to supply all loads normally connected to the system. 

(EASA 2017.) 

 

CS 25.1351 (a, b, d) defines the requirements for the electrical system capacity, 

meaning that the required electrical power generating capacity and power sources 

must be determined by the electrical load analysis. In this CS, the generating system 

consists of electrical power sources, main power busbars, transmission cables and 

associated control, regulation and protective devices, such as the circuit breaker. 

The electrical system must be designed so that power sources function properly 

when independent. This CS also requires that the aircraft electrical power system 

has to be designed in a way that the standby system is able to produce required 

electrical power to aircraft’s critical systems to guarantee safe landing. (EASA 

2017.) 

 

CS 25.1355 (b) defines that the electrical distribution system must be designed to 

provide redundancy. The electrical system must have the capability to switch 

sources (VFG) and wiring cables in case of a generator or engine failure. The 

electrical power from one generator (VFG) to the electrical consumer must be cross 

fed in order to avoid generator failure leaving the system without electrical power. 

(EASA 2017.) 
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CS 25.1585 specifies requirements for the operating procedures. It is required that 

normal, abnormal and emergency procedures are available for all flight conditions, 

for example in the case of loss of all engines. Flight crew must be trained for 

emergency procedures, that is, how to deploy RAT in order to supply critical 

aircraft systems and to reduce the risk of a catastrophe. (EASA 2017.) 

 

CS 25.1729 defines and requires instructions for continued airworthiness in EWIS 

(electrical wiring interconnection system), meaning any wire, wiring device or 

combination of these. It includes termination devices installed in any area of an 

aircraft for the purpose of transferring electrical energy, including data and signals, 

between two or more intended termination points. (EASA 2017.) 
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4. DEVELOPMENT OF THE ELA CAPABILITY FOR AIRBUS 

A350 IN FINNAIR 

In this chapter, the developed ELA capability for the A350 aircraft in Finnair is 

presented. First, the development process began by investigating different kinds of 

available ELA solutions and by assessing each solution’s strengths and weaknesses. 

Second, the proper ELA solution was selected based on the assessment results. 

Third, the ELA process was defined, including the Service Bulletin evaluation 

process, which enables updates to the baseline ELA, and the ELA calculation 

process. Fourth, the ELA tool was defined and implemented. 

 

4.1 Available ELA solutions 

Currently, aircraft manufacturers in general do not provide built-in ELA service or 

tool. They only provide general level training in order for the aircraft operators to 

be able to customize their own ELA capability. At Airbus, ELA tool development 

is ongoing; however, the tool is not ready for launch, and there is no estimated 

release and deployment schedule. Consequently, the ELA guidelines are aircraft 

type and airline specific, and it is the airline’s responsibility to manage the ELA 

process and analysis. Although no specifically defined ELA tool and process has 

existed at Finnair, the needed competence for developing the ELA capability has 

been in place. 

 

Currently, there are several different means to manage the ELA capability around 

the world in different airline operators. For example, some airlines define their own 

ELA tools and processes specifically to be used for their needs. In addition, there 

are different kinds of commercial ELA service providers available. As the basis of 

this study, two existing ELA service providers were selected to be studied in more 

detail because of their reputation, technical features and existing co-operation with 

Finnair. In addition, one possible ELA solution was to develop it in-house at Finnair 

Engineering.  
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Service provider 1 is well-known for their high-quality engineering services, and 

they have a long experience operating and maintaining Airbus aircrafts. In addition, 

service provider 1 already provides their ELA service for numerous airlines. Finnair 

co-operates with service provider 1 already in many aspects. Service provider 2, on 

the other hand, is a well-known design and component vendor of the A350 electrical 

system. They have over 30 years’ experience in designing electrical systems for 

major aircraft programs (Zodiac 2017). Consequently, they also are very aware of 

the airworthiness regulation aspects. Based on these arguments, service provider 

1’s ELA service and service provider 2’s tool were selected as possible ELA 

solutions for Finnair. 

 

One possible ELA solution was to develop it internally at Finnair Engineering. 

Consequently, all competence regarding ELA calculation would be internally 

controlled. In addition, an in-house solution enables efficiency in many aspects. 

Finnair also has the basic competence in place for building the ELA capability on 

its own. All three possible ELA solutions, their strengths and weaknesses, have 

been described in table 3.  
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Table 3. Possible ELA solutions for Finnair and their strengths and weaknesses. 

Possible solutions Strengths Weaknesses 
Service provider 1 Resource savings (no 

extra workload for 
technical experts) 

Expensive solution 
 

Already in use with 
several customers 
 

Invisible to customer 
 

Usability (no manual 
input errors) 

Tool itself not available 
without the service 
 

 In-house ELA 
competence does not 
increase 

Service provider 2 Reporting capability Expensive solution 
 

 Not error prone, it is 
tailored to handle 
complex data calculation 

It is not ready for 
production 

 Verification tool reliably 
incorporates data and 
computes the updated 
ELA 

 

In-house solution 
(developed at Finnair) 

Control of ELA 
competence internally 

Visual presentation 

Data filter function Usability (error-prone) 
Calculation visible Time-consuming 
Less expensive Less reporting capability 
 Data integrity (in 

software updates) 
 

 

4.2 ELA capability deployment for A350 in Finnair 

Based on the review of the possible ELA solutions in the previous subchapter, the 

in-house solution proved to be the most suitable for Finnair. One of the major 

criteria was that by developing an in-house ELA solution the competence and 

control of managing ELA calculations for A350 remains at Finnair. Consequently, 

the in-house solution was selected as the basis for ELA deployment. 
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4.2.1 ELA process 

The lifecycle of an aircraft differs from, for example, cars or other similar vehicles 

because aircrafts are being continuously developed and modified during their whole 

lifecycle. The major drivers for the development are flight safety and flight 

economy. The aircraft configuration changes based on the modifications, and the 

effects of all modifications on, for example, the electrical load are being checked. 

One of the most common ways to implement modifications is the manufacturer’s 

service bulletin (SB).  

 

The SB is a document specifying how a certain modification is to be implemented 

in the aircraft. The modifications can be divided into optional (special features 

proposed internally or requested by the aircraft manufacturer) or mandatory 

(airworthiness directive by the aviation authority). Based on the type of the 

modification, it may have effects on, for example, airworthiness.  In Finnair, all 

new SBs are being reviewed by the responsible engineers and communicated to the 

special area responsible, such as the electrical system responsible. All modifications 

are being thoroughly investigated, and a go or no-go decision is being made based 

on evaluating the benefits according to the Finnair SB evaluation process shown in 

figure 6. (TOPI 2016.) 
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Figure 6. Finnair SB evaluation process (TOPI 2016). 

 

Before releasing the SB, all modifications which have an effect on the electrical 

load are being checked by the responsible engineer to ensure: 

 the nominal power rating of the related power sources and converters on 

all degraded electrical configurations (loss of generators) 

 electrical configurations in emergency 

 the distribution level, power source level and converter level. 
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All modifications which have an effect on the emergency network are managed 

only by Airbus because it is denied for airlines to make modifications on these 

busbars. Before implementing the SB, it is necessary to analyze the electrical load 

with reference to the existing electrical load status of the aircraft. This is because 

there can be loads installed by other SBs and/or customer-originated modifications. 

For example, if the new load according to the SB is on the emergency network 

115VAC on sub-busbar 301XD: 

 No check required at busbar and converter level because airline-originated 

modification is prohibited on this busbar, and on all busbars are supplied 

by ATU Emer-1. 

 Check required at VFG level as 301XD is supplied by VFG1-B in normal 

configuration, and airline originated modifications can impact the VFG1-B 

load. 

 

In this case, Airbus checks the feasibility of the SB installation from ELA point of 

view based on the airline information.  

 

In figure 7, the Finnair ELA process is presented. ELA process is triggered by the 

SB evaluation process if the modifications have ELA impact. During SB 

preparation, the modification is reviewed by the responsible engineers and if the 

modification has an ELA impact, it is marked into the production management 

system AMOS (Aircraft Maintenance and Repair Management Software) by ticking 

the ELA box and inserting ELA into the “Documents affected” according to figure 

8. It is also communicated to the relevant Fleet Engineering, who does the 

preliminary ELA calculation, in order to confirm that the modified electrical loads 

are within defined limits. This analysis must be performed prior the 

accomplishment of actual modification work. If preliminary ELA calculations are 

within defined limits, the engineer who is preparing the modification may continue 

his/her work. If electrical loads exceed the defined limits, the modification work 
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must be suspended and aircraft manufacturer must be contacted for further 

instructions.   

 

Figure 7. Finnair ELA process. 

 

AMOS system is used for managing continuous airworthiness, maintenance actions 

and maintenance related functions in Finnair technical operations. The system is 

also used for effective airworthiness data handling, including aircraft 

modifications’ SB status and AD (airworthiness directives) status in Finnair 

Engineering. Also, the aircraft maintenance program is managed by AMOS. The 
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modification is always planned to be included in a certain maintenance slot, and 

then it is implemented. 

 

 

Figure 8. ELA impact in AMOS.  

 

After the modification has been implemented, ELA calculations need to be updated 

according to the ELA calculation theory presented in chapter 3. The ELA 

calculation process for A350 in Finnair has been defined in figure 9. In the process, 

first it is calculated and confirmed that the distribution level electrical loads do not 

exceed the permitted nominal power rating after inserting new loads into the correct 

busbar, circuit breakers and each flight phases in ELA tool. The next step is to 

define the new load, whether it is a AC or DC load, after which the calculation 

continues to TR level or ATU level calculation. If the new load is connected to TR, 

the new power consumption in the normal and degraded configurations for each 

flight phase need to be checked. Also, it is required to check that the new load does 

not exceed the defined level of converter nominal power. If the new load is 

connected to ATU, the new power consumption in the normal configuration per 

electrical phase for each flight phase needs to be checked. In addition, the converter 

nominal power level has to be checked like in TR level. 

 

The last calculation is conducted on the generator level, and the new load in the 

normal configuration per electrical phase for each flight phase needs to be checked. 

In all generators (VFGs), nominal power has to be within the defined limits as well. 

If the ELA calculation on the distribution, converter or generator level shows that 
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the new electrical loads are not within the defined limits, the SB implementation is 

not permitted in that aircraft configuration. 

 

Figure 9. A350 ELA calculation process in Finnair. 

 

4.2.2 ELA tool 

The basic ELA data for A350, the delivery or baseline ELA, is provided by Airbus 

in Excel or PDF format. This basic data is the source for the ELA modifications 

which are processed by the ELA tool. The purpose of the ELA tool in general is to:  

 function as an archive for the ELA changes defined in SBs, 

 display modifications made to a certain aircraft, 

 enable calculation of the electrical load distribution capability for future 

modifications, 
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 ensure that the electrical load remains within the defined limits. 

 

Excel was chosen as the tool for ELA calculations in Finnair. One Excel worksheet 

is used for one specific aircraft’s ELA calculations. The Excel sheet consists of 

several spreadsheets, defining for example baseline ELA (electrical load data in 

delivery), SBs (with ELA impacts), ELA data after modifications, busbar level 

calculation, converter level calculation and generator level calculation. Electrical 

loads in each flight phase have been specified in different columns. In addition, 

special electrical features related to ELA calculations, for example, load type, 

electrical phase, circuit breaker types, busbar type and protection type have been 

defined in different columns. All modifications inserted into the tool are traceable 

and modification history is visible and retrievable. ELA tool is located in local 

server, which is back-upped. Access to ELA tool is restricted only to authorized 

personnel. For A350, ELA calculation must be made in practice in three different 

levels (presented in chapter 3), which are defined in different spreadsheets. 

 

ELA calculation at the distribution level describes the electrical load distribution of 

different SPDB and EPDC power centers. It consists of SPDB 1-8, SPDB 11-14 

and EPDC 1 and EPDC 2. Also, galley loads are presented per phase in this level. 

This part gives the nominal power rating and the maximum and operational loads 

at each circuit breaker (CB), each RCCB and each SSPC connected to the specified 

busbar/sub-busbar for the different ground and flight phases. Each power center 

contains several busbars. The busbars’ power consumption is defined per flight 

phase according to figure 10, and it is given in VA for AC loads and W for DC 

loads. Relating to the calculation method for SPDB and galley loads’ imbalance, 

the maximum authorized imbalance corresponds to the arithmetical difference 

between the most loaded electrical phase and less loaded electrical phase per flight 

phase from start to taxi, using maximum, permanent and intermittent loads. This 

maximum authorized imbalance is computed for each flight phase and can be 

applied to each phase difference (A-B, A-C or B-C). For example, by selected 
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permanent, intermittent and maximum values, the consumption on SPDB1 is equal 

to: 

 3400VA on phase A (less loaded phase) 

 3700VA on phase B 

 4900VA on phase C, 

and the imbalance is the following: 

 A-B = 300VA 

 A-C = 1500VA 

 B-C = 1200VA. 

 

Therefore, maximum authorized imbalance on A-B and B-C will be equal to 

1500VA and the phase to foster in case of this example is the phase A. 

 

 

Figure 10. Busbars’ power consumption defined per flight phases. 

 

The converter level calculation consists of transformer rectifier, emergency 

transformer rectifier, ATU and emergency ATU converter loads. The total 

sheddable and non-sheddable load is also given. The 230VAC/28VDC converter 

loads are the arithmetical sum of the related DC busbar permanent loads, shown in 

W for each flight phase (figure 11). Relating to 230VAC/28DC converters, the 

SPDB1 PUSHBACK START ROLL TAKE OFF CLIMB CRUISE DESCENT LANDING TAXI LIMIT  
121XPA P not S 644.6 644.6 644.6 644.6 644.6 644.6 644.6 644.6 644.6 3501.75
121XPA P+I not S 644.6 644.6 644.6 644.6 644.6 644.6 644.6 644.6 644.6 4025
121XPA P+I 2599.6 2599.6 2599.6 2599.6 2599.6 2599.6 2599.6 2599.6 2599.6 5755.75

121XPB P not S 275.3 275.3 275.3 275.3 275.3 275.3 275.3 275.3 275.3 3501.75
121XPB P+I not S 275.3 275.3 275.3 275.3 275.3 275.3 275.3 275.3 275.3 4025
121XPB P+I 2453.8 2453.8 2453.8 2453.8 2453.8 2453.8 2453.8 2453.8 2453.8 5755.75

121XPC P not S 530.5 530.5 530.5 530.5 530.5 530.5 530.5 530.5 530.5 3501.75
121XPC P+I not S 949 949 949 949 949 949 949 949 949 4025
121XPC P+I 1675 1675 1675 1675 1675 1675 1675 1675 1675 5755.75
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conversion from W to VA uses the power factor and the efficiency of the TRU. For 

example, the conversion of DC load W values into VA is calculated as follows: 

S = P / (E x PF),  

where 

 S = sum of the DC loads connected to the TRU in VA 

 P = sum of the DC loads (expressed in W) of the busbar(s) connected to the 

TRU 

 E and PF are the efficiency and power factor values (to know the TRU load 

P, ELA guideline has specific table for the information). 

 

 

Figure 11. Converter level calculation. 

 

ATU1A START ROLL TAKE OFF CLIMB CRUISE DESCENT LANDING TAXI Limit
100XPA A 3695.4 3695.4 3695.4 4519.6 6168.0 3695.4 3695.4 3695.4
100XPA B 3865.6 3865.6 3865.6 4691.9 6344.5 3865.6 3865.6 3865.6
100XPA C 4065.4 4065.4 4065.4 4889.6 6538.0 4065.4 4065.4 4065.4
101XP A 2124.5 2124.5 2124.5 1886.0 1030.0 1886.0 2124.5 2124.5
101XP B 1792.0 1792.0 1792.0 1792.0 936.0 1792.0 1792.0 1792.0
101XP C 2065.8 2065.8 2065.8 2065.8 1209.8 2065.8 2065.8 2065.8
103XP A 920.0 920.0 920.0 920.0 920.0 920.0 920.0 920.0
103XP B 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
103XP C 211.7 211.7 211.7 211.7 211.7 211.7 211.7 211.7
121XP A 644.6 644.6 644.6 644.6 644.6 644.6 644.6 644.6
121XP B 1475.3 1475.3 1475.3 1475.3 1475.3 1475.3 1475.3 1475.3
121XP C 837.0 837.0 837.0 837.0 837.0 837.0 837.0 837.0
123XP A 1352.6 1352.6 1352.6 1352.6 1352.6 1352.6 1352.6 1352.6
123XP B 799.3 799.3 799.3 799.3 799.3 799.3 799.3 799.3
123XP C 1709.2 1709.2 1709.2 1709.2 1625.1 1709.2 1709.2 1709.2
125XP A 933.3 933.3 933.3 933.3 746.6 933.3 933.3 933.3
125XP B 933.3 933.3 933.3 933.3 746.6 933.3 933.3 933.3
125XP C 933.3 933.3 933.3 933.3 746.6 933.3 933.3 933.3
127XP A 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
127XP B 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
127XP C 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0 1000.0
151XP A 736.6 736.6 975.1 975.1 824.0 736.6 975.1 975.1
151XP B 242.0 242.0 242.0 242.0 242.0 242.0 242.0 242.0
151XP C 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ATU1A-A 11407.0 11407.0 11645.5 12231.2 12685.8 11168.5 11645.5 11645.5 19895
ATU1A-B 10107.5 10107.5 10107.5 10933.8 11543.7 10107.5 10107.5 10107.5 19895
ATU1A-C 10822.4 10822.4 10822.4 11646.6 12168.2 10822.4 10822.4 10822.4 19895
ATU1A total 32.34 32.34 32.58 34.81 36.40 32.10 32.58 32.58 59.685
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The generator level consists of 4 VFG, TRU and ATU loads, and they are the 

arithmetical sum of the related AC busbar permanent loads shown in figure 12. All 

busbar, ATU, VFG and TR loads hold an electrical load limit, which shall not be 

exceeded. It is also necessary to do an analysis at the VFG phase level with 

maximum and permanent values in order to ensure that the load is not more than 

the maximum current rating per VFG phase of 144A. In this case, the power 

consumption of TRUs and ATUs are converted into 230VAC.  

 

 

Figure 12. Generator level calculation. 

  

VFG 1A
START ROLL TAKE OFF CLIMB CRUISE DESCENT LANDING TAXI Limit

100XNA P MAXI A 8331.4 7881.4 7698.4 7431.4 6249.2 7431.4 7398.4 7731.4
100XNA P MAXI B 8331.4 7881.4 7698.4 7431.4 6249.2 7431.4 7398.4 7731.4
100XNA P MAXI C 8331.4 7881.4 7698.4 7431.4 6249.2 7431.4 7398.4 7731.4

TRU1 W 4388.478 4448.478 4392.478 4333.678 4329.678 4333.678 4393.678 4448.478
Eff*PF 0.864 0.864 0.864 0.864 0.864 0.864 0.864 0.864

TRU1-A VA 1693.1 1716.2 1694.6 1671.9 1670.4 1671.9 1695.1 1716.2
TRU1-B VA 1693.1 1716.2 1694.6 1671.9 1670.4 1671.9 1695.1 1716.2
TRU1-C VA 1693.1 1716.2 1694.6 1671.9 1670.4 1671.9 1695.1 1716.2

ATU1A VA 32336.83 32336.83 32575.33 34811.53 36397.82 32098.33 32575.33 32575.33
Eff*PF 0.95 0.95 0.95 0.95 0.95 0.95 0.95 0.95

ATU1A-A VA 11346.3 11346.3 11429.9 12214.6 12771.2 11262.6 11429.9 11429.9
ATU1A-B VA 11346.3 11346.3 11429.9 12214.6 12771.2 11262.6 11429.9 11429.9
ATU1A-C VA 11346.3 11346.3 11429.9 12214.6 12771.2 11262.6 11429.9 11429.9
VFG1A-A VA 21370.7 20943.8 20822.9 21317.9 20690.7 20365.9 20523.4 20877.5 33120
VFG1A-B VA 21370.7 20943.8 20822.9 21317.9 20690.7 20365.9 20523.4 20877.5 33120
VFG1A-C VA 21370.7 20943.8 20822.9 21317.9 20690.7 20365.9 20523.4 20877.5 33120
VFG1A total VA 64112.1 62831.5 62468.8 63953.6 62072.2 61097.6 61570.2 62632.6 99360
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5. DISCUSSION AND CONCLUSIONS 

This thesis aimed to develop the electrical load analysis capability for the Airbus 

A350 aircraft in Finnair. That is, the ELA process, including the process enabling 

updates to the baseline ELA and the ELA calculation process, was defined.  In 

addition, the ELA tool was created and implemented for A350 after assessing three 

possible solutions for it. 

 

5.1 Assessment of the results 

This thesis aimed to answer the following research questions: 

1. What are the characteristics of the Airbus A350 electrical power system? 

2. What type of issues electricity-wise need to be considered when building 

the ELA capability for MEA aircrafts? 

3. What is the solution for developing ELA capability for A350 in Finnair? 

 

5.1.1 Airbus A350 electrical power system characteristics 

A350 is a modern and efficient aircraft. It utilizes new technologies, such as new 

fuselage, and is built of carbon fiber reinforced plastic (CFRP), which leads to lower 

fuel burn, lower maintenance costs and lower CO2 emissions. In A350 aircraft, the 

airframe is not metallic structure anymore like in classic aircrafts. CFRP (Carbon 

Fiber Reinforced Plastic) is used for the A350 structure, including aircraft skin. The 

use of carbon material in A350 structures and skin leads to differences in system 

functioning compared to the metallic structure, such as electrical bonding, electrical 

grounding and voltage reference. Two metallic networks ESN (Electrical Structure 

Network) and MBN (Metallic Bonding Network) ensure proper functioning of the 

electrical bonding and electrical grounding in the A350 aircraft. 
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However, the Airbus A350 is not a completely MEA aircraft, such as Boeing 787 

or Airbus A380 aircrafts; the A350 electrical system is somewhere in between MEA 

and classic aircrafts. The A350 aircraft electrical system is more complex than 

classic aircrafts, and it consists of more electrically powered systems, extensively 

more field loadable software, telecommunication networks and sensors which 

require good control and management of the electrical power distribution, loads and 

electrical calculation. The A350 electrical power system provides three different 

voltages, the usual DC voltage 28V and AC voltage 115V, like in classic aircrafts, 

but in addition, A350 uses 230V AC voltage. 

 

5.1.2 ELA capability for MEA aircrafts 

The electrical load analysis (ELA) is an analysis allowing to define the electrical 

load of an aircraft in different flight phases and different electrical source levels. 

Nowadays ELA calculations, updates and reporting are mandatory because there 

are laws and regulations concerning the safe and appropriate electrical power load 

in aircrafts. To be ELA compliant with all regulations and guidelines, European 

Aviation Safety Agency’s certification requirements, specifying electrical load 

demands and electrical power system capacity of large aircrafts, need to be followed.  

 

In order to be able to calculate ELA impact, one must have thorough understanding 

of the A350 electrical system. ELA calculation must be done in different flight 

phases because electrical loads are different depending on the phase of the flight. 

This is defined and required in aviation authority’s regulations. In addition, ELA 

calculation must be made in four different levels in the A350 aircraft. 

 

Aircrafts are being continuously developed and modified during their whole 

lifecycle. Consequently, the aircraft configuration changes based on the 

modifications, and the effects of all modifications on, for example, the electrical 

load need to be checked. A calculation method must be used to evaluate post-
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delivery modifications, such as Airbus service bulletin, to confirm that the new 

modification will be within the limits of electrical power sources and network 

capabilities.  

 

5.1.3 ELA capability for A350 in Finnair 

Currently, aircraft manufacturers in general do not provide built-in ELA service or 

tool. They only provide general level training in order for the aircraft operators to 

be able to customize their own ELA capability. Consequently, the ELA guidelines 

are aircraft type and airline specific, and it is the airline’s responsibility to manage 

the ELA process and analysis. 

 

In this thesis, three possible ELA solutions were reviewed: solutions provided by 

service provider 1 and service provider 2 and an in-house solution. Based on the 

review, the in-house solution was selected. One of the major criteria was that by 

developing an in-house ELA solution the competence and control of managing ELA 

calculations for A350 remains at Finnair. In addition, the commercial solutions are 

very expensive and the tool itself is not available without the service. 

 

In addition, the Finnair ELA process was defined for A350. The process starts from 

service bulletin evaluation. When the modification specified in the SB has an ELA 

impact, it is calculated according to the ELA calculation process, and the ELA 

impact is marked into the production management system AMOS. Consequently, it 

is confirmed that the new modification will be within the limits of electrical power 

sources and network capabilities. 

 

In this study, Excel was chosen as the tool for calculating ELA in Finnair. The basic 

ELA data for A350, the delivery or baseline ELA, is provided by Airbus in Excel 

or PDF format. This basic data is the source for the ELA modifications which are 

processed by the ELA tool. The ELA tool consists of several spreadsheets, defining 
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for example delivery ELA, embodied modifications with ELA impact, ELA data 

after modifications, distribution level calculation, converter level calculation and 

generator level calculation. 

 

In the future, the aviation authorities will emphasize the requirements and 

regulations of ELA management and calculations for all aircrafts. Thereby, it is 

important for each airline to define and implement ELA capability. The ELA 

process and tool developed for A350 in this thesis ensure that Finnair now has the 

complete capability to manage electrical loads when implementing aircraft 

modifications. In addition, the developed capability facilitates decision-making 

regarding modifications, which improves visibility to the management of electrical 

loads. Furthermore, when the aircraft is redelivered to a new operator, the ELA 

impacts can now be demonstrated via the tool, which has been very difficult, 

expensive and time-consuming before. All in all, building the ELA capability 

complies with the regulations of aviation authorities and contributes to the 

reliability of the electrical system and the overall flight safety. 

 

5.2 Conclusions 

This study provides the fundamental ELA capability for Finnair. Currently, the 

ELA guidelines are aircraft type and airline specific, and it is the airline’s 

responsibility to manage the ELA process and analysis, which is very challenging 

and requires lots of high competence and resources. In the future, aircrafts will 

contain even more electrical devices and systems, which consume more electricity; 

a concept of All Electric Aircraft (AEA) already exists. Thereby, the significance 

of ELA capability will be emphasized.  

 



57 
 

5.3 Recommendations for future study 

In the future, it would be highly recommended and preferred that the ELA solution 

is provided by the aircraft manufacturer. Based on this study, the following 

recommendations for future study arise: 

 in order to improve the visual presentation, the ELA tool could be developed 

further by using some software, such as Visual Basic 

 in order to improve efficiency and usability of the tool, semi-automation 

could be implemented by using macros 

 in order to improve reporting capability, especially for the redelivery 

process, a better solution could be developed.   
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