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Final report RL 2012:20e 

 

The Swedish Accident Investigation Authority (Statens haverikommission, SHK) 

has investigated a serious incident that occurred on 25 April 2011 at Skavsta Air-

port, Södermanland county, involving one aircraft with the registration EI-DAD. 

 

The Authority hereby submits under the Regulation (EU) No 996/2010 on the in-

vestigation and prevention of accidents and incidents in civil aviation, a report on 

the investigation. 

 

The Authority will be grateful to receive, by February 16 at the latest, particulars of 

how the recommendations included in this report are being followed up. 
 

 

 

This document is a translation of the original Swedish report. 
 

 

 

 

 

 

 

 

 

 

 

 

Jonas Bäckstrand Stefan Christensen 
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General points of departure and limitations 

The Swedish Accident Investigation Board (Statens haverikommission ï SHK) is a 

state authority with the task of investigating accidents and incidents with the aim of 

improving safety. SHK accident investigations are intended so far as possible to de-

termine both the sequence of events and the cause of the events, along with the dam-

age and effects in general. An investigation shall provide the basis for decisions which 

are aimed at preventing similar events from happening again, or to limit the effects of 

such an event. At the same time the investigation provides a basis for an assessment of 

the operations performed by the public emergency services in respect of the event and, 

if there is a need for them, improvements to the emergency services. 

SHK accident investigations try to come to conclusions in respect of three questions: 

What happened? Why did it happen? How can a similar event be avoided in future? 

SHK does not have any inspection remit, nor is it any part of its task to apportion 

blame or liability concerning damages. This means that issues concerning liability are 

neither investigated nor described in association with its investigations. Issues con-

cerning blame, responsibility and damages are dealt with by the judicial system or, for 

example, by insurance companies. 

The task of SHK does not either include as a side issue of the investigation that con-

cerns emergency actions an investigation into how people transported to hospital have 

been treated there. Nor are included public actions in the form of social care or crisis 

management after the event. 

The investigation of aviation incidents is regulated in the main by the Regulation (EU) 

No 996/2010 on the investigation and prevention of accidents and incidents in civil 

aviation. The investigation is carried out in accordance with the Chicago Convention 

Annex 13. 

 

The investigation 

SHK was notified on 29 April 2011 that an incident involving a Boeing 737 with the 

registration EI-DAD had occurred at Skavsta Airport, Södermanland county on 25 

April 2011 at 07.50 hrs. 

 

The incident has been investigated by SHK represented by Mr. Göran Rosvall, Chair-

person until 26 January 2012, Mr. Jonas Bäckstrand, Chairperson from 6 February 

2012, Mr. Stefan Christensen, Investigator in Charge, Ms Ulrika Svensson, Operation-

al Investigator and Mr. Kristoffer Danèl, Technical Investigator (aviation).  

 

The investigation was followed by Mr. Bo Eriksson, Swedish Transport Agency. 
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Final report RL 2012:20e 

 
Aircraft; registration and model EI-DAD; B737-800 

Class, Airworthiness Normal, Certificate of Airworthiness and valid Airworthiness 

Review Certificate (ARC) 

Owner/Operator Ryanair Ltd 

Time of occurrence 25-04-2011, 07.50 hrs in daylight 

Note: All times are given in Swedish daylight saving time 

(UTC + 2 hrs) 

Place  Skavsta Airport, Södermanland county, 

(pos. 5847N 01654E; 45 m above sea level)  

Type of flight  Commercial air transport 

Weather According to SMHI's analysis: west-north-westerly wind, 5 

kts, visibility >10 km, no clouds below 5000 feet, 

temp/dewpoint 8/5 °C, QNH 1024 hPa  

Persons on board; Crew members 

 Passengers 

 

6 

173 

Injuries to persons None 

Damage to aircraft None 

Other damage None 

Commander 

 Age, licence 

 Total flying time 

 Flying hours previous 90 days 

 Number of landings previous  

 90 days 

 

35, ATPL 

7011 hours, of which 6200 hours on type 

168 hours, all on type 

 

86  

 

Co-pilot 

 Age, licence 

 Total flying time  

 Flying hours previous 90 days 

 Number of landings previous  

 90 days 

 

 

38, CPL 

7400 hours, of which 6100 hours on type 

137 hours, all on type 

 

60  

Cabin crew members 4 persons 

 

 

Summary 

On 25 April 2011, shortly after take-off, a Ryanair Boeing 737-800 received an indi-

cation that one of the aircraft's two electrical systems had lost electrical power. This 

had been preceded by one of the two generators that supply electrical power to the 

aircraft being disconnected, upon which redistribution took place so that the other 

generator supplied power to both electrical systems. An electronic monitoring and 

control unit automatically ensured that this took place.  

 

The pilots followed the checklist and attempted to reconnect the generator. They also 

attempted to connect the generator from the Auxiliary Power Unit (APU). Either dur-

ing the attempt to reconnect the disconnected generator or the connection of the auxil-

iary power unit's generator, the connection between the two systems was broken, with 

the consequence that one of the systems                                                                                                                                                                                                                                                                                                                                                                                

lost electrical power.  

 

The pilots made a further attempt to reconnect a power source but were unsuccessful. 

The decision was therefore made to return and land at Skavsta Airport. Flying with 

one of the electrical systems not having power meant among other things losing the 

display of flight instruments on the affected side. Flap indication and pitot heating 

were among the systems which lost their power supply and stopped working during 

the incident.  

 



6 
 

 6 

The electronic monitoring and control units are intended to ensure that both electrical 

systems are always supplied with power as long as there is at least one power source 

available. They are also intended to prevent electrical interconnection of the electrical 

systems when each subsystem is supplied by its own power source. The control units' 

commands are based on status signals from relays, among other things.     

 

 The incident was caused by the system logic for the Generator Control Unit (GCU) 

and the Bus Power Control Unit (BPCU) enabling erroneous status signals from the 

breaker (Generator Control Breaker, GCB) to lead to a transfer bus losing power. 

 

 

 

Recommendations 

The FAA/EASA are recommended to: 

 

 

¶ Ensure that Boeing introduces measures so that the logic in the electrical 

system prevents an X-bus from losing power as a result of an erroneous status 

signal from GCB. (RL 2012:20 R1) 

 

¶ Ensure that Boeing investigates whether a revision of the procedure in QRH 

for reconnecting IDG can rectify erroneous status signals from GCB. (RL 

2012:20 R2) 
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1. FACTUAL INFORMATION 

1.1 History of the flight  

 

The description of the incident is largely based on interviews with the pilots. There are 

some differences between the pilots' descriptions. 

 

An aircraft of type Boeing 737-800 with registration EI-DAD (Figure 1.) was to con-

duct a regular flight between Stockholm Skavsta and Paris Beauvais on 25 April 2011. 

There were 173 passengers and 6 crew members on board. The flight had the call sign 

RYR 9503. 

 

 
Fig. 1. EI-DAD 

 

During the take-off sequence, at a speed of around 110 kts, a warning light illuminat-

ed. PM
1
 extinguished the light and the commander ï who was PF

2
 ï completed the 

take-off. At an altitude of 400 feet, the pilots began investigating what had triggered 

the alarm and discovered that the light for the right-side Source Off and Master Cau-

tion had illuminated. Source Off means that a power source which should normally be 

connected to one of the main transfer buses has been disconnected in the system. The 

pilots established that there were no Memory Items
3
 for the fault in question and con-

tinued to climb to 1000 feet where, according to the operator's procedures, they con-

tinued with the normal checklist used in connection with take-off.  

 

Once the normal checklist was completed, PF asked for the Quick Reference Hand-

book for Source Off. PM brought out QRH
4
 and began handling the problem. Where 

only one power source is missing, which was the case in this incident, the generator in 

question should in accordance with QRH be selected to ON ï see Figure 2.  

 

                                                        
1 PM: Pilot Monitoring  (Pilot who assists PF) 
2 PF: Pilot Flying (Pilot who manoeuvres the aircraft)  
3 Memory Items: Points which the pilots check without the help of checklists.  
4 QRH: Quick Reference Handbook 
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Fig. 2. QRH for Source Off (page 1 of 2) 

 

When the pilots selected Engine GEN on the affected side to ON, a consequential fault 

arose which resulted in a new warning signal illuminating. This signalled Transfer Bus 

Off, which meant that Transfer Bus 2, hereafter referred to as X-Bus2, was not receiv-

ing power from any of the generators.  

 

The difference in the pilots' accounts of the incident comes in when the following 

occurred: 

 

ñA number of warning lights illuminated, all displays on the first officer's side went 

out and the autopilot disengaged. Altitude reporting on the transponder disappeared, 

which meant that air traffic control could no longer see the aircraft's altitude.ò 

 

The described event above may therefore have occurred when the pilots selected En-

gine GEN on the affected side to ON, or it may have occurred when the pilots contin-

ued with the checklist to page 2 for Source Off and started up the aircraft's APU
5
.   

  

When the APU had started and its generator became available, APU Gen was selected 

to ON. APU was however not automatically connected to X-bus2. 

 

                                                        
5 APU: Auxiliary Power Unit  
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Fig. 3. QRH for Source Off (page 2 of 2) 

 

One of the warning lights which illuminated was the Battery Discharge Light, which is 

normally interpreted to mean that the battery is supplying power to the system instead 

of being charged. If battery power is used to supply power during flight, this is nor-

mally in an emergency situation. According to the pilots' description, the Battery Dis-

charge Light stayed illuminated for between ña fewò and 25 minutes. 

 

According to the pilots' incident report, the following systems went offline: 

 

Á Autopilot A+B as a result of automatic pitch trim ceasing to function 

Á Electrical trim 

Á PFD
6
+ND

7
 on the first officer's side 

Á The transpondersô altitude reporting (both transponders 1 and 2) 

Á Nose wheel pedal steering 

Á Indicator for trailing edge flap 

 

According to the same report, the following warning lights illuminated: 

 

Á Battery discharge 

Á Master caution 

Á (RH) Source off 

Á (RH) Transfer Bus Off 

Á Mach Trim Fail 

Á Auto Slat Fail 

Á Fuel Pump 2 Fwd 

Á Fuel Pump 1 Aft 

Á A Elec Pump 2 Hydr  

Á Probe Heat B (4 lights) 

Á Eng EEC Altn (Both) 

Á Zone Temp (3 lights) 

                                                        
6 PFD ï Primary Flight Display (Screen for flight status information)  
7 ND ï Navigation Display (Screen for navigation system) 



10 
 

 10 

 

Battery discharge is described as follows: 

 

Illuminated (amber) ï with BAT switch ON, excessive battery discharge detected. 

  

 
Fig. 4. QRH for Battery discharge 

 

Air traffic control contacted the aircraft when altitude reporting disappeared. The pi-

lots tried to switch to another transponder, but the fault with the altitude reporting 

persisted. 

 

The pilots also read the emergency checklist for Transfer Bus Off, but as the measures 

were the same as for Source Off, which had caused the main fault, they chose not to 

take any further measures and to instead return to Skavsta. 

 

From the time the autopilot disengaged automatically and could not be reconnected 

due to the auto trim no longer functioning, the commander flew the aircraft manually. 

 

As there was some uncertainty concerning the status of the instruments, and as much 

of the commander's concentration was devoted to flying and trimming the aircraft 

manually, the commander requested radar vectoring from air traffic control back to 

Skavsta. Initially, clearance was given to the NDB
8
 PEO, for which reason the pilots 

had to repeat their request for vectoring to the air traffic controller and explain that 

they had problems with the instruments on board. 

 

On a later occasion during the approach, the pilots added PAN-PAN x 3 to their call 

signal in order to indicate that they wished to have priority but that it was not an im-

mediate emergency situation. 

 

The aircraft was vectored for an ILS
9
 approach to runway 26 at Skavsta. During the 

first approach, the commander chose to abort the approach as the pilots were still car-

rying on discussions via the radio with Priority Air Maintenance, the maintenance 

organization contracted by Ryanair at Skavsta. The commander also wanted the first 

officer to perform a visual inspection from the cabin in order to verify that the trailing 

edge flaps had indeed been extended. 

 

Thereafter, the aircraft was vectored onto an ILS for runway 26 and the landing was 

executed with no problems. After the landing, the pilots pulled the circuit breaker to 

the CVR in accordance with the operator's procedures. The entire crew was relieved 

from service for the rest of the day. 

 

 

 

 

 

                                                        
8 NDB ï Non-Directional Beacon. 
9 ILS ï Instrument Landing System ï Approach aid which provides both horizontal and vertical 
positioning.  
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1.2 Injuries to persons 

 Crew members Passengers Total Others 

Fatal  ï  ï  ï  ï 

Serious  ï  ï  ï  ï 

Minor  ï  ï  ï  ï 

None  6  173  179  ï 

Total  6  173  179  ï 

 

 

1.3 Damage to the aircraft 

None. 

 

1.4 Other damage 

None. 

 

1.5 Personnel information  

1.5.1 Commander 

The Commander was 35 years old at the time and had a valid ATPL
10

. At the time of 

the incident, the Commander was PF. 

 
Flying hours 

Latest 24 hours 7 days 90 days Total 

All types  4.4  18  168  7011 
This type   4.4      18  168  6200 
 

Number of landings this class/type previous 90 days: 86. 

Type rating was performed on 2 June 2003. 

Latest PC (Proficiency Check) performed on 10 December 2010 on B737. 

 

1.5.2 Co-pilot 

The Co-pilot was 38 years old at the time and had a valid CPL
11

. At the time of the 

incident the Co-pilot was PM. 

 
Flying hours 

Latest 24 hours 7 days 90 days Total 

All types 1.1 6 137 7400 

This type  1.1 6 137 6100 

 

Number of landings this type previous 90 days: 60. 

Type rating was performed on 24 June 2002. 

Last PC performed on 7 April 2011 on B737. 

 

1.5.3 Cabin crew members 

Four persons. 

 

1.5.4 The pilotsô duty schedule 

Not applicable. 

 

 

                                                        
10 ATPL - Airline Transport Pilot Licence, with authorization to act as commander  
11 CPL - Commercial Pilot Licence 
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1.6 Aircraft information  

1.6.1  Airworthiness and maintenance 

 
Aircraft   

TC-holder The Boeing Company 

Model 737-800 

Serial number 33544 

Year of manufacture 2002 

Gross mass Max authorized start/landing mass 74990 kg, actual 64835 kg 

Total flying time 28847 hours 

Flying time since latest inspection  0 hours (50-cycle inspection carried out the same morning/night as 

the incident) 

Number of cycles 18833 

Fuel loaded before event Jet A1 

  

Defered items  

MEL None 

HIL None 

  

 

The aircraft had a Certificate of Airworthiness and a valid ARC
12

. 

 

1.6.2  Boeing 737-800 Electrical system - general 

The purpose of the electrical system is to produce and distribute electrical power. The 

system also checks that the distributed current is within specified limit values. The 

electrical system consists of an alternating current section and a direct current section. 

The alternating current has three phases, a voltage of 115 V and a frequency of 400 

Hz. The alternating current section in turn consists of two subsystems; no. 1 left and 

no. 2 right.  

 

The direct current section maintains 28 V and is also divided into a number of subsys-

tems. The alternating current system, hereafter referred to as the AC system, has four 

main power sources with a capacity of 90 kVA each: left IDG
13

1, right IDG2, APU
14

 

and external power. From each power source run three feeder lines, one for each 

phase, to one of the two PDPs
15

, where breakers connect the selected power source 

and distribute the current to the rest of the AC system ï see Figure 5.  

 

 

                                                        
12 ARC - Airworthiness Review Certificate  
13 IDG - Integrated Drive Generator, a unit which can maintain a constant rpm. It is mounted on 
the aircraft's engine and consists of a hydromechanical gearbox and generator. 
14 APU ï Auxiliary Power Unit.  
15 PDP ï Power Distribution Panel, containing breakers and branch breakers. 
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Fig. 5. Power sources and feeder lines. 

 

The AC system is designed so as to prevent two power sources from supplying current 

to the same subsystem. On the other hand, one power source can supply current to two 

subsystems. When there is no AC power source supplying current, a limited number 

of users can receive alternating current from the ñAC standbyò bus via a convertor 

from the direct current system. 

 

The direct current system, hereafter referred to as the DC system, receives power from 

the AC system via a transformer rectifier, TRU
16

, and battery.  

 

 

1.6.3. The AC system's monitoring and checks 

 

The distribution and quality of the power is checked and controlled by a number of 

control units. The control units GCU
17

1 and GCU2 monitor and check the current 

supplied from their respective IDG, thus constituting a protection for the system and 

its IDG. Current supplied from APU is monitored and checked by similar control units 

ï AGCU
18

 and SCU
19

. Current supplied by an externally connected power source is 

monitored and checked by the control unit BPCU
20

.  

 

The different power sources can be connected manually from a panel in the cockpit. 

The control units contain a diagnostic function known as BITE
21

. This function can 

perform self-tests and diagnostics and can show faults in the control unit and the sys-

tem. 

                                                        
16 TRU ï Transformer Rectifier Unit.  
17 GCU - Generator Control Unit, control unit for current coming from IDG.  
18 AGCU - APU Generator Control Unit, control unit for current coming from APU.  
19 SCU ï Starter Control Unit, control unit f or current coming from APU and controlling the 
activation of APU. 
20 BPCU ï Bus Power Control Unit, control unit for current coming from an external power 
source and interconnection of the two AC subsystems. 
21 BITE ï Built In Test Equipment  

IDG 1 

IDG 2 

External 
power 
source 

APU 

Feeder lines 

PDP 2 PDP 1 
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The current is distributed to users via transfer buses. The distribution is controlled by 

the control units, which check various breakers. The breakers GCB
22

1 and GCB2 con-

nect the respective IDG to the rest of the system, APB
23

 connects APU, and EPC
24

 

connects the external power source to the rest of the AC system. A schematic of the 

electrical system is shown in Figure 6.  

 

 
Fig. 6. Schematic of the electrical system. 

 

During flight, power is normally supplied by the IDGôs. IDG1 supplies the user on 

system 1 via the bus ñTransfer Bus 1ò, hereafter referred to as X-bus1, and IDG2 sup-

plies the user on system 2 via X-bus2 ï see Figure 7. 

  

                                                        
22 GCB ï Generator Control Breaker. 
23 APB ï Auxiliary Power Breaker  
24 EPC ï External Power Contactor 
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Fig. 7. Green indicates AC current which fulfills  quality criteria. Current is led via GCB1 and GCB2 out 

to the X-buses and on to the users. 

 

 

When only one power source is available, X-bus1 and X-bus2 are interconnected by 

the breakers BTB
25

1 and BTB2.  

 

Each GCU (GCU1, GCU2 and AGCU) monitors and checks, among other things, 

frequency, voltage, current, phase sequence, difference in current originating from 

IDG and received by GCB. This difference indicates either an interruption or leakage 

current, and should under normal circumstances be 0 Amperes. GCU sends control 

signals to IDG in order to maintain the correct current quality. It also monitors the 

status of the GCB and BTB breakers and sends control signals to them.  

 

Status and control signals operate on a 28 V direct current. When the quality of the 

current is for whatever reason not within the limits, GCU sends a signal to GCB to tell 

it to open and thus disconnect IDG from its respective X-bus. This was the situation 

shortly after take-off, shown in Figure 8. 

 

                                                        
25 BTB ï Bus Tie Breaker 
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Fig. 8 The AC system is supplied by one power source, IDG2 disconnected. The two BTB breakers are 

connected. 

 

 

BPCU monitors the power quality from the external power source and the power con-

sumption. When the consumption is too high, BPCU sends control signals to the 

breakers which, according to a predetermined schedule, disconnect users such as the 

ñgalleyò. BPCU also ensures that the two X-buses are interconnected, in the event that 

an X-bus loses its normal power source. When BPCU receives a signal that GCB is 

open, it sends a signal to each GCU to close their respective BTB. When both BTBs 

are closed, X-bus1 and X-bus2 are interconnected and a joint power source can supply 

current to the users. The bus that goes between the two BTB breakers is called a ñTie 

Busò. 

 

Connection and selection of power source for current to the respective X-bus is done 

via panel P5-4, located on the cockpit ceiling. This panel also shows status and warn-

ings from the electrical system ï see Figure 9. 
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 Fig. 9.    Cockpit, panel P5 and its subpanels. 

 

 

Panel P5-4 houses switches for connecting and disconnecting the various power 

sources. These are three-position switches and are non-locking, i.e., they return to the 

neutral position in the middle. A 28 V direct current signal is passed from the GCU to 

the switch for IDG. When the switch is placed in the ON or OFF position, this signal 

is returned to GCU on the corresponding input terminals. Provided that necessary 

conditions are met, a signal is thereafter sent from GCU to the requisite breakers to tell 

them to either open or close. The panel also features status lights. Below is a descrip-

tion of these and what is signified when they are illuminated and extinguished respec-

tively. 

 

¶ Indicator light - ñGround Power Availableò ï Illuminates  

in blue when external power source is connected and the  

quality of its current is within the limit values. 

 

¶ Indicator light - ñTransfer Bus Offòï Illuminates in amber 

when the respective X-bus is without current. 

¶  Indicator light - ñSource Offò- Illuminates in amber 

when the respective X-bus is not receiving current 

from the selected power source. 

¶  Indicator light - ñGen Off Busò - Illuminates in  

blue when the respective GCB is open. 

¶  Indicator light - ñAPU Gen Off Busò - Illuminates  

in blue when APU is running but not connected so as  

to supply current. The light is extinguished when APU  

is switched off or connected and supplying current. 

 

 

The panel also features a two-position switch. The protected mode ñAutoò allows the 

system to automatically connect the X-buses together. In the ñOffò position, the X-

buses are prevented from interconnecting. 
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1.6.4.  Description of the breakers GCB, BTB, APB and EPC 

 

The breakers GCB, BTB, APB and EPC are manufactured by HONEYWELL ASCA 

INC. They are all identical and all have the same part number: 1151968-1. The pur-

pose of these breakers is to break the three phases of the alternating current or conduct 

them into the rest of the AC system. Inside the breaker, there are three primary con-

tacts; one for each phase A, B and C. These conduct the main current. In addition, 

there are a number of auxiliary contacts, which conduct the breaker's control current 

and provide an indication of the breaker's state. The auxiliary contact system operates 

on 28 V direct current. The breakers are located in PDP1 and PDP2. Figure 10 shows 

the location of BTB2, GCB2 and EPC in PDP2. 

 

 

 

 
Fig. 10.    Image and diagram of PDP2, showing the location of the breakers. 

 

 

Each breaker mechanism has two electromagnetic coils; one to close and one to open 

the breaker. The coils are located at each end of a piston which moves the primary and 

auxiliary contacts between open and closed positions. When a current passes through 

the spools, a magnetic field is formed which moves the piston in an axial direction. A 

permanent magnet holds the piston in its respective closing position. The auxiliary 

contacts give an indication of the breaker's state to the control units and to the indica-

tor lights on panel P5-4. The auxiliary contacts conduct or break the supply of current 

to the spools. Depending on what function the breaker has; GCB, BTB, APB or EPC, 

different connections on the auxiliary contacts will be used. Figure 11 shows GCB2 

and its terminals. 

 

 

 

EPC GCB2 BTB2 
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Fig. 11. The breakers GCB2. Connections 1 and 11 are control current to the electromagnets. 

 

 

The Boeing 737-800 is certified in accordance with the FAR Part 25 and JAR -25. 

These documents contain the standards and the requirements that should be met for 

the different systems and its components. They also contain among other things, a 

guide to assess the severity of a system or component failure.  

 

The certification criteria for the breakers are that they can manage 50,000 cycles, 

where the voltage drop over the primary contacts must be below 0.150 V with 290 A 

in rated current. The breakers have no inspection interval; instead, they run ñOn Con-

ditionò, which means that units are replaced when required. Information received late 

in the investigation, shows that these units are within the certification criteria. During 

3 158 000 cycles 42 units were replaced. 21 of these units were verified having a fault. 

 

1.6.5.  Description of the control units GCU and BPCU 

The GCUs monitor and check the quality of the current from IDG and APU. They 

send control signals to the breakers GCB and BTB, monitor their position, convey 

GCB's position status to BPCU and have a diagnostic function known as BITE. 

 

GCU, AGCU and BPCU operate on 28 V direct current and together check the air-

craft's AC system. GCU is supplied with current in the first instance by its respective 

IDGs through separate cables and secondarily by the DC system. AGCU is supplied 

with current from the DC system's bus ñSwitched hot battery busò or alternatively DC 

bus 2. BPCU can be supplied by an external power source and by the DC system. 

 

GCU monitors, among other things, voltage, frequency, power consumption, sequence 

of the phases, difference in current originating from IDG and received by GCB. The 

internal logic of GCU determines which measures shall be carried out in order for the 

respective X-bus to receive current of a good quality. Input signals to the GCU in-

clude: 

 

¶ Generator switch position. 

¶ Position status from GCB. 

¶ Position status from EPC. 

¶ Position status from APB. 

¶ Position status from BTB. 
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¶ Position status from GCB 

¶ BTB control signal from BPCU. 

 

Output signals to the GCU include: 

 

¶ Control signals to GCB. 

¶ Control signals to BTB. 

 

The control signals sent by the GCU are based on internal logic and can be represent-

ed by ñgatesò. The value of the input and output signals represent logical variables 

which can have the value 1 or 0, corresponding to 28 V DC or 0 V DC. In order to 

gain a perception of the number of inputs and outputs and the structure of the logic, 

the inputs and outputs are shown in Figure 12 and parts of the internal logic in the 

GCU in Figure 13.  

 

 
  Fig. 12.    Connections to the various GCUs. 
 

 
Fig. 13.   Parts of the logic in the GCU. 
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The BITE function of the GCU is a diagnostic function which is independent of other 

GCU functions. It localizes and identifies faults in the GCU with peripheral equipment 

and saves these in a memory and presents the faults via lights on the front of the GCU. 

There are seven status lights and one non-locking test button ï see Figure 14. Six of 

the lights are such that they illuminate when various faults have been detected. The 

seventh light illuminates after a self-test when no fault has been detected. When start-

ing up, the BITE function performs a self-test, which is the same as when the test but-

ton on the front of the GCU is pressed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 14.   Front of GCU. The image on the right shows how the status is presented following self-test on            

GCU2. 

 

Only one status light can be illuminated at a time; in cases where the BITE function 

has detected several faults, only the fault with the highest priority is presented. The 

order of priority and faults are described in the table below.  

 
PRIO LIGHT (Colour)  MEANING  

1 GCU Internal fault in GCU or fault in the voltage control function  

2 IDG Short circuit in the IDG diodes, or frequency outside of the limit values, or voltage 
below limit value (voltage control function OK). 

3 GCB/APB GCB or APB did not switch to the commanded position. 

4 BTB BTB did not switch to the commanded position. 

5 FEEDER Difference in current originating from IDG and received by GCB above limit 
value, or incorrect phase sequence, or voltage below limit value (voltage control 

function OK). 

6 DIST/BUS Power consumption above limit value, current imbalance between the phases. 

7 GCU PASS No faults detected after test button has been pressed. 

 

After the test button has been pressed, old faults are erased, and the light presenting 

these are extinguished. 

 

There is only one BPCU in the system. It receives signals from other control units and 

breakers in the system and, based on these, coordinates the measures to be taken. 

BPCU receives status signals concerning the breaker positions of GCB, BTB, EPC 

and APB. BPCU sends signals to the GCUs. These include control signals which tell 

the respective BTB whether to open or close. 

 

The BPCU monitors the quality of the current from the external power source. It also 

monitors the power consumption. When the load exceeds the permitted limit values, it 

disconnects non-essential users such as the galley. 

 

In the event of a loss of current to an X-bus, the BPCU sends control signals to GCU1 

and GCU2 which tell the BTB breakers to close and thereby interconnect AC system 1 

and AC system 2. The output signals are determined by the BPCU's internal logic and, 

as with GCU, they are based on the level of the input signals. In order to gain a per-

ception of the number of inputs and outputs and the structure of the BPCU's logic, the 

connections are shown in Figure 15 and parts of the internal logic in Figure 16.  

Test button 

Status lights 



22 
 

 22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
              Fig. 15.  Inputs and outputs to BPCU. 

 

 

  
              Fig. 16.   Parts of the BPCU's logic together with 

              parts of the GCU2 outputs to the left go to BTB2. 

 

Here is an example of normal signal activity when a power source is to be connected: 

 

The non-locking switch for connecting a power source is pushed to the ñonò position. 

The GCU senses the position of the respective switch. When this signal is high, GCU 

sends a signal to the respective BTB to enable it to open. GCU monitors the BTB po-

sition. It sends a signal to the GCB to enable it to close when it senses that the BTB 

status indicates open and the following conditions are met: 

 

 

 
































