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FINAL REPORT
Purpose of the investigation and degree of responsibility
The Investigation of serious accidents, accidents and incidents is carried out by an independent investigation authority of the Republic of Bulgaria - "Specialized Unit for Investigation of Accidents and Incidents in Railway Transport" in the "Ministry of Transport, Information Technologies and Communications" (MTITC) and it aims:
To identify the circumstances and the reasons that led to their implementation with a view to improve safety and prevent from others without seeking personal responsibility and guilty.
The investigation is carried out in accordance with the requirements of Directive 2004/49 / EC of the European Parliament and of the Council upon safety of the Community's railways transpositioned in the Law for Railways ( LR ), Ordinance № 59 from December 5, 2006 about the management of safety in railway transport, Ordinance № H-32 from September 19, 2007 about the coordination of the actions and the exchange of information during investigations of railway accidents and incidents and the Agreement for interaction during investigations of accidents and incidents in the air, waterway and railway transport between the Prosecutor's Office of the Republic of  Bulgaria, Ministry of Interior and MTITC from April 17, 2018. 
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1. Summary.
1.1. Brief description of the event.
On May 04,2018 at 14:30 h from  Sofia to Burgas station leaves fast train № 8613, consisting of 5 wagons, 20 axes, 208 tons, serviced by electric locomotive № 44121.2. The route for the train is Sofia - Plovdiv - Dimitrovgrad - Stara Zagora - Burgas. A change of the locomotive and transport brigades takes place at Plovdiv station. During the journey the train changes the direction of traffic in Dimitrovgrad station. The station staff along the route have not noticed anything unusual. The same is confirmed by the locomotive and transport brigandes, which have served the train from Sofia station till Druzhba station.
The train departs from Aytos station at 20:18 h, passes through Bulgarovo station at 21:25h and through Druzhba station at 21:28 (as evidenced by Druzhba station II-76 diary and the locomotive speedometer).
During the course in section Druzhba - Dolno Ezerovo, the locomotive brigade senses a smell of burned cable insulation. The motorman looks into the engine room and sees it is filled with dense black smoke and shuts off the Main Air Circuit Breaker (MACB) of the locomotive. Looking through the side windows, the locomotive brigade sees that fire comes out of both sides of the locomotive, from cooling air intakes (CAI). Upon entering the train on the third track at Dolno Ezerovo Station, the motorman alerts with signal "General Anxiety" and stops at 21:37h. (Fig. 1).
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Fig. 1.
1.2. Main cause of the accident: 
The reason for fire in electric locomotive № 44121.2 is a locomotive long-term operation at a low voltage regime due to a transient short circuit between the insulated conductors and the locomotive body and the registered low voltage in the contact network.
1.3. Summary of the main recommendations.
Recommendations issued by MTITC Commission for investigation  are methodological and technical in order to prevent other similar incidents. They are classified as organizational and technically related to the repair activity signed in PRM (person responsible for maintenance) and SSM.
The recommendations are addressed to the national safety authority Executive Agency "Railway Administration"(EARA), directed to the railway carrier BDZ ,, Passenger Transport "Ltd
· Recommendation № 1 proposes a technical documentation to be prepared, which to align the ATS (autotransformer switch )-related reconstructions  in the 44 and 45 locomotive series and adjacent components;
· Recommendation № 2 proposes a controlled access to be provided to MACB compulsory switch-on devices; 
· Recommendation № 3 propses the control over FDS(fire detection system) checking (in electric locomotives series 44 and 45) to be increased during the execution of TI (Technical Inspection).
2. Direct facts and circumstances.
2.1. Date and time of the event.
On May 04,2018, at 21:27h the duty head of traffic (DHT) at Dolno Ezerovo Station receives a departure massage about FT № 8613 from DHT at Druzhba station. He prepares the route for transit of FT № 8613 on Third track by the station routing-relay centralization (MH 68). According to "Plan II-24" the train is accepted on Third main track as it is designed for transit, according to Train Traffic Schedule (TTS). The train stops at  Dolno Ezerovo Station on Third track at 21:37h. In this moment DHT sees smoke and fire coming out of the locomotive.[image: image4.jpg]



As a result of the airflow, the fire rapidly graws and covers the whole locomotive (Fig. 2). DHT at Dolno Ezerovo Station notifies the train dispatcher and 112 for sending fire safety teams. He also informs the power dispatcher on duty to switch off the voltage in the contact network of the station.
After stopping the train, the locomotive and transport brigades undertake the extinguishing of the locomotive with the available extinguishers in the locomotive and the coaches. The trainmaster also sends a signal for fire calling 112 and instructs the conductor to evacuate all passengers from the train and secure the coaches against self-propelling by tightening the emergency brakes.
By an order of the train dispatcher at 21:41 h the voltage in the contact network from third to sixth track is switched off. Actions are taken by DHT and the employees of the Sub-region Burgas for earthing the contact network and providing safe extinguishing of the locomotive.
At 21:55 h the voltage in the whole station is switched off and the contact network is earthed, the authorities of RO FS&PP - Burgas start extinguishing the burning locomotive.
At 00:50h the fire in the locomotive is localized and suppressed and after permission of  MoI authorities, actions are taken to remove the locomotive speedometer and  logbook  and to carry out the first inspections.
At 01:05 h the voltage in the contact network of First and Second tracks is switched on and by the order of the train dispatcher the electric traction movement is restored according to the timetable.
At 02:11 a diesel locomotive № 55-206 of BDZ-PP from Burgas station arrives at Dolno Ezerovo station. It drags out locomotive № 44-121.2 from Third to First track. After that  it joins FT № 8613 composition  and leaves for Burgas station at 03:29h.
From 03:30 to 03:50 h, inspections of the contact network and railway track by experts of the railway infrastructure are carried out.
At 03:51h , by an order of the train dispatcher the movement for all trains and vehicles at a scheduled speed is restored.
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2.2. Event’s location.
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 Dolno Ezerovo  Station has six reception-dispatching tracks. First is a dead-end track,    
Second and Third are main tracks. The event has occurred on Third main track, which is a continuation of the current road № 1. There is a railway crossing with electric barriers in the area of the station between the entrance signal and arrow № 1. The railway station is located on kilometer 281 + 218 between the adjoining Druzhba station and the Lozovo SP on a two-way railway section from Eighth main railway line Plovdiv - Stara Zagora - Karnobat - Burgas (Fig. 3)
2.3. Event’s classification.
On May 04, 2018, at 22:05 the Head of RAIU at MTITC is informed by phone and SMS for a fire occurred in electric locomotive № 44121.2, serving FT № 8613 in railway section Druzhba - Dolno Ezero.
The information is submitted in relation to the requirements of "Safety Procedure SP 2.03."  from September 01, 2011 of RINC.
The head of RAIU, after clarifying gathered operational information, classifies the event as a railway accident, in accordance with the requirements of Art.  19 para. 2 of Directive 2004/49 / EC and Art. 68, para. 1, item 2 and para. 2 of Ordinance No 59, for which he informs the interested parties.
2.4. Consequences of the Event:
- no injured passengers;
- no injured personnel;
- no damages to the railway infrastructure;
- no damages to the environment;
- electric locomotive № 44121.2 is completely burned in the engine room.
2.5. Decision to initiate an investigation: 
On May 05, 2018 burnt locomotive № 44121.2 is moved from Dolno Ezerovo Station to Burgas Locomotive Depot according to an order of MoI authorities. During the time of stay, the investigations are carried out by Burgas Regional Prosecutor's Office. On May 12, 2018, following an order of Burgas PO and following a MoI written permission, the locomotive is moved from Burgas station to Gorna Oryahovitsa Locomotive Depot and is left under the supervision of MoI authorities.
The decision to initiate an investigation is taken by the head of RAIU basing on the above mentioned norms in item 2.3.
Composition of the commission:
In MTITC an independent investigation commission is appointed. The head of RAIU is the Chairman of the commission. The commission consists of external experts with appropriate qualifications and professional relevance to the accident.
Investigation:
 On May 16, 2018, at Gorna Oryahovitsa Locomotive Depot, the Commission for investigations is granted an access to the locomotive. Together with MoI investigative bodies and “Fire and Chemical Expertises” Unit at the General Directorate of FS&PP in MoI, joint actions start to establish the circumstances and the reasons which have led to fire in the locomotive.
The Commission requests written and oral explanations from the interview with the locomotive and transport brigades at the Locomotive Depot in Gorna Oryahovitsa.
The Investigation Commission visits Gorna Oryahovitsa Locomotive Depot several times and carries out surveys, experiments, measurements and comparative analyzes of the burnt aggregates and machines. Several hypotheses have emerged from the findings, on which the Commission launches investigations and discussions.
At that moment, in the locomotive depot some repair positions are occupied by other electric locomotives of the same series, allowing the Commission to make additional inspections and to compare the burned nodes with those in the repair hall.
In the course of investigation, the Operational Group report and attached documents are analyzed, as well as further requested materials and documents submitted by NRIC and BDZ "Passenger Transport" Ltd related to the investigation. Copies of protocols and expert reports are provided by the monitoring prosecutor from Regional Prosecutor's Office – Burgas as follows:
1. А forensic and technical expertise of FT № 8613 velocity tape and the accuracy of locomotive № 44121.2 speedometer installation; 
2. Complex fire-technical and electrical expertise, prepared by the Center for Researches and Expertises (CRE) at CIPC directorate (Critical Infrastructure, Prevention and Control) in Main Directorate FS&PP of MoI;
3. Protocols from Interrogations of NRIC and BDZ, "PT" Ltd personnel, involved in the accident; 
4. Protocols from inspections carried out by MoI investigation bodies at Locomotive depots Burgas and Gorna Oryahovitsa.
The Head of the Commission has adopted the written observations of the involved external experts in fulfilment of the investigative tasks assigned to them during the investigation.
2.6. Conducting rescue and emergency-restoration actions:
For safety, the Conductor undertakes a rapid evacuation of all passengers from the train at a safe distance.
At 21:50h a specialized RО FS&PP- Burgas car arrives at Dolno Ezerovo station. At 21:52, at their request, the voltage in whole station is off. At 22:00 hours, employees from Subregion Bourgas place earthing devices to secure the contact network of the station and the authorities of FS&PP undertake extinguishing the burning locomotive.
At 00:50 h the fire in the locomotive is localized and suppressed. Upon permission by the investigating authorities of MoI, the locomotive is moved from Third on First track of the station.
3. General data established during the investigation process.
3.1. Participating officers:
Personnel of Dolno Ezerovo Station – RINC officers:
- Duty head of traffic;
- pointsman;
The Personnel servicing FT № 8613 – BDZ " Passenger transport " Ltd officers:
- Locomotive motorman of an electric locomotive  № 44121.2;
- Locomotive motorman assistant of an electric locomotive  № 44121.2;
- FT № 8613 Trainmaster and passenger movement;
- FT № 8613 Conductor.
3.2. Data on the Train:
- FT № 8613/8612 operates according to the Train Traffic Schedule (TTS) along the route Sofia – Plovdiv – Dimitrovgrad – Stara Zagora – Karnobat – Burgas and back; 
- according to the approved Train Composing Plan(TCP) for 2018 of BDZ " Passenger transport " Ltd, FT № 8613/8612 is composed by one electric locomotive,one first class coach, and three second class coaches. 
With BDZ “PT” Ltd Telegram № 406/May 02,2018 an increasing of train composition is permitted.
3.3. Data on the carrier:
- BDZ " Passenger transport " Ltd is the only licenced railway carrier for passenger transport in the Republic of Bulgaria;
- It possesses  national licence for passenger transport № 151/October 21,2013; 
- It possesses Safety certificate part ,,А“ BG 11 2017 0009 valid from December 31,2017 tilll December 30, 2022; 
- It possesses Safety certificate part ,,В“ BG 12 2017 0009 valid from December 31,2017 tilll December 30, 2022; 
- It possesses certificate of an authority, responsible for the maintenance of railway vehicles BGRA/2017/0004 valid from December 31, 2017 till December 30, 2022; 
3.4. Train type, number and category:
- passenger train,  № 8613, fast;
3.5. Train tractive rolling stock type and number:
- Electric locomotive № 44121.2 – with regular registration in Vehicles’ register;
3.6. Train non-tractive rolling stock (coaches) type and number:
- with № 5052215095-0 В4, № 51522974108-5 В4, № 50522974257-0 В4, № 50521940141-8 А4, № 50522150032-3 – with regular registrations in Vehicles’ register;
3.7. Railway infrastructure description:
Railway and points:
- Dolno Ezerovo Station has 6 tracks of which 2nd and 3rd are main and the others are reception-dispatching and 18 points with radiuses R = 190 and R = 300 m. In the area of the station there is a railway crossroad equipped with electric barriers linked to the station centralization.
- railway – without rail joints, rails type UIC 60, laid on sleepers CT-6-T in a straight 1,50 о/оо  profile downhill to SP Lozovo;
- contact network at Dolno Ezerovo Station - chain, compensated, sectioned;
3.8. Signalization, station safety installations and between-station block system:
- Dolno Ezerovo station is equipped with Route-relay centralization (Н68).
- traffic signalling are equipped with indications for speed;
- between-station sections Druzhba – Dolno Ezerovo – SP Lozovo are equipped with an automatic blockage and axis counters without duct capacitor signals;
3.9. Construction work on railway infrastructure:
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- by telegram № 37 / August 02, 2017 and continued action for interruption of the traffic by telegram № 444 / November 21, 2017 of RINC until enactment of the new timetable for movement of trains from December 10, 2017 the movement of all categories of trains is suspended due to construction and repair works concerning railway, contact network and adjoining facilities in Belozem - Orizovo section. This is why the train timetable is changed. The route of all train categories along 8th Main Railway changes in the following direction: Sofia - Plovdiv - Dimitrovgrad - Mihaylovo - Stara Zagora - Karnobat - Burgas and back (Fig.4);
3.10. Train protection:
- electric locomotive № 44121.2 is equipped with a regular alertness device 
- ALS is switched off and dismantled in railway section Stara Zagora – Burgas because of  RINC main director’s telegram № 480/2015;
3.11. Communication system:
- Dolno Ezerovo station is equipped with a universal telephone connection commutator UCС-8. Due to UCC-8 duty head of traffic performs a telephone connection with the two points posts, between-station connection with the two adjacent stations, connections with train and power dispatchers, a stationary mobile phone is also provided at the station;
- the locomotive and transport brigades have mobile phones;
3.12. Implementation of a plan for railway accidents and events.
- in implementation of the approved on February 25, 2015  ,,Plan for rescue and urgent emergency-repair works in the event of crisis situations, natural disasters, railway accidents, industrial accidents, catastrophes and terrorist acts in BDZ "Passenger Transport" Ltd“ and the requirements of the "Instruction on fire safety rules and requirements for rolling stock in operation, buildings, areas and sites of BDZ" Passenger Transport "Ltd and actions in events of fire", the personnel (locomotive and transport brigades serving FT № 8613) immediately undertake the execution of their official duties concerning the occurrence of fire in traction rolling stock in a station area (as can be seen from the explanations of staff);
- after FT № 8613 stops at the station, the personnel of Dolno Ezerovo station immediately undertakes implementation of the "Disaster Protection Plan at RINC", incl. notifying the officials and services concerned;
- DHT organizes, in coordination with the power dispatcher - Plovdiv, the voltage shut-off in the contact network of the station and sets up an organization for the movement of trains and emergency-recovery facilities;
4. Deaths, injuries and material damages.
4.1. No deaths;
4.2. No injured passengers;
4.3. No injured personnel;
4.4. Material damages:
For BDZ "Passenger Transport" Ltd:
The book value of electric locomotive № 44121.2 as of May 04, 2018 is 171 415.09 BGN.
-  electric locomotive № 44121.2 - burned engine room and damage amounted to 396 735.75 BGN .;
- coaches – no damages;
- expenses for passengers’ transfer  – 237,60 BGN;
- expenses for extended hours of transport brigades – 111,92 лв. 
For "RINC":
-  expenses for railway – none;
- contact network - no damages, switching on and off voltage, regulation with specialized equipment РССМ – 858,88 BGN;

For the environment – none;
Total damage from the accident amount to:: 397 944,15 BGN.
5. External circumstances - weather and geographic conditions.
Meteorological report for May 04, 2018 from MS – Burgas: 
- in the dark part of the day – 21:30 h; 
- air temperature +12,5º С; 
- wind – 21 m/s from southwest ;
- clouds - clear.
6. Data for railway infrastructure and railway carrier staff related to the accident.
6.1. Position, place of work, sex and age.
Personnel of RINC: 
- head of traffic – Dolno Ezerovo station – RTMSA -Plovdiv, RINC, man; 
- pointsman – Dolno Ezerovo station – RTMSA -Plovdiv, RINC, man; 
Personnel of BDZ PT Ltd:
- motorman – Locomotive depot Plovdiv, BDZ PT Ltd, man; 
- motorman assistant – Locomotive depot Plovdiv, BDZ PT Ltd, man;  
- trainmaster, passenger traffic – PTD - Plovdiv, BDZ PT Ltd, man;
- conductor – PTD - Plovdiv, BDZ PT Ltd, man
6.2. Position certificate and certificate data.
Personnel of RINC:  
- Certificate № 1526/October 17,2007  for occupying position Head of traffic;
Possessed qualification:                                  Diploma:
Head of Traffic       

              D. № 22841/August 20,1988  
· Certificate № 2032/April 13, 2009 for occupying position pointsman/ rail crossing guard;

Possessed qualification:                                 Document:
Pointsman                                                   Sert. № 9774/October 08, 2008  
Rail crossing guard                                     Sert. № 9788/October 08, 2008  
Personnel of BDZ PT Ltd:
- Certificate № V-6/ January 26, 2018 for occupying position locomotive motorman;
Possessed qualification:                                  Diploma:
Motorman el. loc. s. 43,44 and 45      
       D. № 21195/ August15, 1985 
- Certificate № V-143/ July 20, 2015 for occupying position locomotive motorman assistant ;
Possessed qualification:                                 Diploma:
Motorman assistant el. locomotives            D. № 050063/ June28, 1991 
- Certificate № IV-464/August 29, 2018 for occupying position Trainmaster;
Possessed qualification:                                  Document:
Trainmaster
                                              Sert. № 15-875/January 24, 2014 
Conductor                                                     Sert. № 2170/ January20, 1997
License to perform trial “А”          
         Sert. № 15-875/ January 24, 2014  
- Certificate № IV-408/June 15, 2018 for occupying position Conductor;
Possessed qualification:                                  Document:
Conductor                                                     Sert. № 20-257/ December 22, 2017
6.3. Qualification certificate and certificate data.
Personnel of RINC: 
- Diploma № 22841/ August 20, 1988, acquired qualification: TORT with license: Head of Traffic, teaching structure HMTS,,Todor Kableshkov“;
- Qualification certificate № 9774/ October 08, 2008, acquired license: Pointsman, teaching structure RS-Plovdiv at RINC;
-Qualification certificate № 9788/ October 08, 2008, acquired license: Rail crossing guard, teaching structure RS-Plovdiv at RINC;
Personnel of BDZ PT Ltd:
- Diploma № 21195/ August 15, 1985, acquired qualification: Exploitation and repair of electric locomotives, with license: Electric Locomotive motorman, teaching structure HMTS ,,Todor Kableshkov“;
- Certificate for locomotive driving BG 7120171225 – EA RA
- Diploma № 050063/ June 28, 1991 acquired qualification and license: Electric Locomotive Motorman assistant, teaching structure, SPTU in Rail transport ,,N. J. Vaptsarov“ Gorna Oryahovitsa 
- Qualification certificate № 15-875/ January 24, 2014, acquired license: Trainmaster, teaching structure VOC-BDZ; 
- Qualification certificate № 20-257/ December 22, 2017, acquired license: Conductor, teaching structure VOC-BDZ; 
6.4. Document for professional qualification.
Personnel of RINC: 
- Head of Traffic – a diploma for completed college education № 22841/ August 20, 1988;
- Pointsman – a diploma for completed secondary education № 6461-051/ June 24, 2004 from PSEE –„Konstantin Fotinov” Burgas;
Personnel of BDZ PT Ltd:
- Locomotive motorman – a diploma for completed college education № 21195/ August 15, 1985;
- Locomotive motorman assistant – a diploma for completed secondary education № 050063/ June 28, 1991  SPTU in Rail transport ,,N. J. Vaptsarov“ Gorna Oryahovitsa;
- Trainmaster - a diploma for completed secondary education № 77327/October 03, 1994  Construction High School – Burgas;
- Conductor - a diploma for completed secondary education № 033494/ June 19, 2009  PSA Aytos;
6.5. Certificate for passing an examination as per Ordinance № 56 from 2003
Personnel of RINC:
- HT Dolno Ezerovo station – pr. XІ-22-46/ June 26, 2018;
- pointsman Dolno Ezerovo station – pr. XІ-22-50/ June 26, 2018;
Personnel of BDZ PT Ltd:
- locomotive motorman – May 08,2018; 
- locomotive motorman assistant– July 06, 2015;
- trainmaster, passenger traffic – July 05, 2018;
- conductor – July 03, 2018;
6.6. Personnel break duration before staff time:
In accordance with the requirements of the normative acts - Labour Code and Ordinance № 50 / December 28, 2001 – the personnel are provided with the required rest period before their work:

Personnel of RINC: 
-Dolno Ezerovo station Head of traffic – rests from 19:00 h on May 03, 2018 till 19: 00 h on May 04, 2018;
- Dolno Ezerovo station pointsman/ rail crossing guard – rests from 19:00 h on April 30, 2018 till 19: 00 h May 04, 2018 ; 
Personnel of BDZ PT Ltd:
- locomotive motorman – rests from 17:20h on May 03,2018  till 16:40 h on May 04, 2018 ; 
- locomotive motorman assistant– rests from 17:30 h on May 03, 2018 till 16:40 h on May 04, 2018 ; 
- trainmaster – rests from 16:41 h on May 02, 2018  till  05:50 h on May 04, 2018; 
- conductor – rests from 16:41 h on May 02, 2018  till  05:50 h on May 04, 2018.
6.7. Work experience of the staff.

Personnel of RINC:
- Dolno ezerovo station Head of traffic – 15 years;
- Dolno ezerovo station pointsman/ rail crossing guard  – 10 years;
Personnel of BDZ PT Ltd:
- locomotive motorman – 33 years;
- locomotive motorman assistant– 02 years;
- trainmaster – 04 years;
- conductor – 03 months;
6.8. Shift (travel) briefing.

Personnel of RINC: 
- Personnel at Dolno Ezerovo station is briefed for duty on May 04/05, 2018 and they sign in the instruction book stating that they were cheerful, rested and haven’t used an alcohol and other narcotics.
Personnel of BDZ PT Ltd:
- the locomotive brigade is briefed before travel by the duty depot master at Plovdiv
locomotive depot and they sign in the instruction book stating that they were cheerful, rested and haven’t used an alcohol and other narcotics.
- the transport brigade has been briefed by the duty train crew instructor, trainmaster at Transport post in Plovdiv and they sign in the instruction book stating that they were cheerful, rested and haven’t used an alcohol and other narcotics.
7. Summary of testimony.
The investigation commission doesn’t have testimony. 
8. System of Safety Management (SSM) .
8.1. Observing the procedures set out in SSM of RINC:
The Investigation Commission requested and took note of the provided procedures written in SSM of RINC and found that they had been met by the staff of the Railway Traffic Management and Station Activities (RTMSA) - Plovdiv. This is evident by the report of the operational group, further requested materials and station personnel statements.
8.2. Compliance with the procedures in Safety Management System (SSM) of BDZ "Passenger Transport" Ltd;
The Investigation Commission requested the procedures written in SSM and PRM and information for last locomotive repair works carried out by necessity of the railway carrier BDZ "Passenger Transport" Ltd and after having become acquainted with them, established the following:
8.2.1. A reconstruction is carried out on 44 and 45 series locomotives. An electric shut-off (in some locomotives it is dismounted) of ATS (01515) motor-oil circulation-pump and of ATS (01512) heaters was performed, which is not in line with p. 5.2.2.3, 5.2.2.4 and 5.2.2.5 of QMS Repair and maintenance of traction rolling stock. Control, reporting and commissioning (PK 7.5-1-2). No permissions and technical documentation are submitted to the above-mentioned norm.
8.2.2. During the investigation at Gorna Oryahovitsa locomotive depot, the Commission identifies changes to the control of ATS (01515) motor-oil circulation-pump and of ATS (01512) heaters. Consequently, and in connection with the Instruction on Fire Safety Rules and Requirements in the rolling stock in service, the buildings, the areas and the sites of BDZ PT Ltd and actions in events of fire, as a part of SSM, a non-compliance with Art. 13, para. 1, p.p. 7, 11, 12 is established.
8.2.3. In this connection, from March 30, 2017 till August 01, 2017 locomotive 44-121 has been repaired on necessity at locomotive depots Gorna Oryahovitsa and Sofia, as can be seen in BDZ PT Ltd. references, concerning the technical condition of ATS.
8.2.3.1. In the period March 30, 2017 – April 04, 2017 in Gorna Oryahovitsa locomotive depot an ATS repair was carried out on necessity;
8.2.3.2. In the period July 24, 2017 - August 01, 2017 at Sofia locomotive depot (Poduene region) an ATS repair on necessity is carried out as a result of an accident occurred at Zverino station on July 23, 2017 during servicing FT № 4611.
9. Rules and norms.
9.1. The staff at the railway station Konyovo from RINC, before and during the accident, acts in compliance with the approved regulations and internal rules regulating the safety of the transport on the railway infrastructure -,,Rules for the movement of trains and shunting work in rail transport“, "Plan for disaster protection of RINC" and" Firefighting file regulating fire safety at a RINC site - RTMSA ​​– Plovdiv, Dolno Ezerovo station” etc.:
9.2. The locomotive brigade serving the train, before the accident, acts in accordance with the approved regulations concerning the railway transport safety - "Ordinance No 58 from August 02, 2006 on the rules for the technical operation, trains movement and signaling in the railway transport" "Rules for trains movement and shunting work in rail transport". After the train stops at Dolno Ezerovo Station during the accident, they immediately undertake actions to fulfil the requirements of the Fire Safety Instruction and the Crisis Action Plan, and in addition:
- securing the train against self-propulsion;
- taking down the pantograph from the contact network and switching off the battery;
- making available fire extinguishers from the locomotive and starting extinguishing the fire;
- taking action on earthing and securing the contact network, enabling the locomotive to be extinguished by the specialized bodies of FS&PP.
9.3 The transport brigade immediately evacuates all passengers from the train to a safe place and helps with supplying fire extinguishers from coaches for to extinguish the locomotive.
10. Functional condition of rolling stock and technical facilities of the railway infrastructure.
10.1. Functional condition of the railway infrastructure:
Railway and points:
- troublefree;
Safety equipment, communications, radio and power supply:
- troublefree;
Contact network:
- troublefree;
There are no devices for automatic recording of data from the rolling stock traffic in the railway section.
10.2. Functional condition of rolling stock.
- locomotive functional condition – unusable;
- coaches functional condition – fitted to operate; 
- an automatic data logger of electric locomotive № 44121.2 equipped with a speedometer-device for recording the driving speed in the range of 0 to 150 km / h. In 1st cabin of the locomotive is installed a wall-mounted tape tachograph type RT9 (registering) and in 2nd cabin - tachometer A16 (non-registering) type "Hasler",for technical reasons, the locomotive is limited to running from 0 to 100 km / h. The speedometer installation registers graphically, using nibs on a paraffined paper band with perforations at the top and bottom along the strip, the following parameters:
- astronomical time - in a 24-hour digital scale;
- movement and stop time in minutes;
- speed - in km / h;
- Distance;
- air pressure in the main air tube of the pneumatic automatic brake at the value of which is judged to be triggered.
Decodification of speedometer strip of electric locomotive № 44121.2, performed by the staff of Plovdiv Locomotive depot for the movement of FT № 8613 along Plovdiv – Dolno Ezerovo railway section:
 - ,, On May 04, 2018 FT № 8613 leaves from Plovdiv station at 17:07h, it arrives at Aytos station at 21:17h and at 21:18h continues its movement at a maximum speed of 100 km / h. Along railway section Bulgarovo - Druzhba, the train moves at a speed of 60 km / h for about 2400 m, then the speed gradually begins to decrease. At about 1400 meters before Dolno Ezerovo station, it runs at a speed of 40 km / h. The train stops extraordinary at Dolno Ezerovo Station at 21:37h. There are no other FT № 8613 movements registered. The speed tape is removed from the locomotive at 00:00h. During the servicing of the train, there are no recorded extreme detentions and other emergency stops. Scheduled speeds along the track are respected. “ 
11. Operational System Documentation.
11.1. Reviews, inspections, repairs, maintenance and prevention.
 On Fig.5 and 6 are shown excerpts of planned maintenance carried out on the locomotive 
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Fig.7 Shows a between repairs mileages  scheme for the locomotive series 44 and 45.
Fig. 7

11.2. Measures taken by staff to regulate train movements.
The Operational Control Unit (OCU) and RTMSA ​​- Plovdiv together with BDZ PT Ltd., coordinated by Central Dispatch Management (CDM) of RINC, take timely operational actions regarding changes in the train timetable in Karnobat-Burgas section. Various schedules are developed to change the routes for passenger and freight trains movement. Passenger trains in section Dolno Ezerovo-Burgas are cancelled and passengers are transported by buses of BDZ.
11.3. Exchange of Oral Orders and Written Messages.
With the order of the train dispatcher in OCU - Plovdiv from 21:52h in Dolno Ezerovo station voltage in contact network is switched off. Movement of all trains with electric traction is suspended. Movement is permitted only by diesel traction. 
At 00:50 h the fire in the locomotive is supressed. With FS&PP authorities permittion and the order of the train dispatcher in OCU – Plovdiv, the voltage in 1st and 2nd track contact network is switched on. 
At 01:07 h with an order of the train dispatcher the movement of all vehicles on 1st and 2nd tracks is restored at their scheduled speeds.
           At 3:45h the contact network inspection is finished and the same operational fitted. At 3:50h the track inspection is finished and trains can move at their scheduled speeds.
At 03:51 h with an order of the train dispatcher, the voltage in 2nd section from 3rd to 6th tracks is switched on, and the train movement is restored at a timetable speed throughout the station.
11.4. Measures taken to protect and guard the scene of accident.
From 21:45 h on May 04, 2018 till 03:51h on May 05, 2018 the district of Dolno Ezerovo station is detached and guarded by MoI authorities with restricted access of external persons, except for FS&PP-Burgas firefighting team, the authorities from MoI - Burgas. From May 11, 2018 the locomotive is under surveillance of PO – Burgas and RO of MoI Gorna Oryahovitsa, at locomotive depot Gorna Oryahovitsa, with a restricted access and is released of PO – Burgas surveillance on December 20,2018.  
12. Health and Safety work conditions.
- With reference to the requirements of Art. 13, para. 1 and Art. 14, para. 1 of Ordinance №50 / December 28, 2001 no violations are observed in the reporting of personnel working hours at RINC and BDZ, "Passenger Transport" Ltd.
- With reference to the requirements of Art. 28, para. 1 of Ordinance № 54 / June 02, 2003 for medical examinations of the personnel related to the accident, at RINC and BDZ "Passenger Transport" Ltd., no violations are found.
- With reference to the requirements of Art. 20, para. 2 of Ordinance № 54 / June 02, 2003 the officials of RINC and BDZ "PT" Ltd., related to the accident, have valid certificates for psychological examination.
13. Accidents of similar nature previously registered.
The accidents quoted in previous periods of such a character have been investigated by RAIU and concern electric locomotives of the railway carrier BDZ,,PT " Ltd, during servicing fast and passenger trains.
- on November 30, 2009 while in motion a fire occurs in electric locomotive № 45167, servicing FT № 3601 between stations Stamboliiski and Todor Kableshkov;
- on July 20, 2011 while in motion a fire occurs in electric locomotive № 44089, servicing FT № 2615 between stations SP Lesicheri and Resen;
- on December 19, 2012, in the course of manoeuvring a fire occurs in electric locomotive № 42081, servicing PT № 90101 at Shumen station;
- On June 26, 2013, while starting, a fire occurs in electric locomotive № 44074, servicing PT № 70200 between railway stations Rakevo and Boychinovtsi,
- on August 07, 2014 while in motion a fire occurs in electric locomotive № 44117, servicing FT № 8613 between stations Kaloyanovets and Stara Zagora;
- on July 06, 2015 while in motion a fire occurs in electric locomotive № 44174, servicing FT № 460 between Pordim and Levski stations;
- on October 13, 2015, while in motion a fire occurs in electric locomotive № 44169, servicing FT № 1621 between Elin Pelin stations;
- on April 13, 2016, while in motion a fire occurs in electric locomotive № 44081, servicing FT № 8626 between stations Aytos and Chernograd;
- on June 16, 2016 while in motion a fire occurs in electric locomotive № 44085, servicing FT № 3622 between Dunavtsi and Sahrane stations;
- on July 08, 2016 while in motion a fire occurs in electric locomotive № 44141, servicing FT № 4681 between station Mihaylovo and Svoboda;
- on September 14, 2016 while in motion a fire occurs in electric locomotive № 44096, servicing the Ver. № 80290 between the stations Chernograd and Karnobat;
- on October 12, 2017, in the course of manoeuvring a fire occurs in electric locomotive № 44134, servicing PT № BG 8693 at Dimitrovgrad station.
14. Analysis and conclusions.
14.1. Description of the chain of events based on established facts.
The Commission for Investigation in MTITC collects the necessary documentation and materials. It analyzes the possible circumstances, facts and evidence that could lead to an identification of the cause of the railway accident.  Carries out several detailed inspections of the burnt locomotive, as well as an analysis of the materials and documents provided by the Operational Group, discusses the views of the experts participating in the Commission. Holds interviews and requires for the explanations of the staff involved in the accident. The Investigation Commission conducts an interview with Gorna Oryahovitsa PTD and Gorna Oryahovitsa Locomotive Depot directions, which have provided the required additional documents and materials on the repairs of the locomotive. The Investigation Commission has not interviewed the manager of BDZ, "Passenger Transport" Ltd, due to his refusal.
14.2. Analysis of the facts and conclusions on the causes of the accident.
Analysis of № 44121.2 electric locomotive recorder recording made in Plovdiv – Dolno Ezerovo railway section during the service of FT № 8613.
From the record of the speed tape and the data from locomotive № 44121.2 electrometer the following is found:
The train departs from Plovdiv Station at 17:07h after a 4.5-minute stay for changing the locomotive brigades. It reaches a speed of 25 km / h and moves at that speed for 1 minute, passing 300 meters. During this time, the locomotive passes through an artificial bridge overpass (concrete bridge), whereupon the pantograph must be removed. Voltage shutdown is not registered and current increases from 0A at 17:05h to 15A at 17:10h. At 17:08h the speed starts to rise to 75 km / h, this regime is kept till 17:10h and then speed drops to 55 km / h after a barely trigger of the brake. At this speed, the train travels 2 km for 2 minutes, then accelerates rapidly and reaches 100 km / h for 1 minute in 800 meters. This happens at 17:12h, then begins to decrease - initially smoothly, passing 2300 meters in 2 minutes to a speed of 70 km / h, then using the automatic train brake, to 0 km / h. At first, the retention is official by releasing 0.4 bar, then by dropping 1 bar, and finally by means of extreme retention. The train stops at Krumovo Station at 17:14h and leaves it at 17:15h, after 1.5 minutes stay.
From Krumovo Station to Sadovo Station, the train reaches a maximum speed of 100 km / h and stops at Sadovo Station at 17:23h after an ABC retention. It stays for 1 minute and departs at 17:24h.
 After Sadovo station the train again reaches a maximum speed of 100 km / h, thus traveles almost the entire length between stations for seven minutes. At Popovitsa station, it arrives at 17:31h, the stop being initially official, followed by a brief loosening, followed by an extreme stop until the train is fully set at the station. [image: image12.png]«0.0
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There is a displacement of the speed and time graphs for about 1 mm in this area of ​​the tape, due to a forced mechanical displacement of the mechanism, most likely due to an opening of the apparatus for an inspection. After 1 minute, the train leaves the station at 17:32h. After Popovitsa station, the train again increased its speed to 100 km / h and thus passes Popovitsa - Parvomay section for 9.5 minutes. It arrives at Parvomay station at 17:42h and after a 1-minute stay continues its route at 17:43h.
After Parvomay station, the train speed reaches 100 km / h and thus passes the next section till Karadzhalovo.
There are no voltage crashes in the contact network in this section, as its values ​​change from 21,250 V at 17:15h to 26,425 V at 17:25h. The values ​​of the consumed current change from 0A at 17:05h to 36A at 17:20h (Figure 8).
From Parvomay till Dimitrovgrad station, the train moves without stopping and without using the ABC, maintaining a running speed of 100 km / h all the time. For the first time the brake is used 600 meters before the entrance signal of Dimitrovgrad station, at 18:02h, when the train speed is 95 km / h, as it has started to decrease from 100 km / h about 750 meters before. The retention is 1 bar (from 5.00 to 4.00 bar), followed by full brake loosening. The speed begins to decrease much more steeply. 200 meters before the entrance signal ABC is activated again, this time the retention is shorter and the pressure in MACB is reduced by 0.5 bar. The speed is reduced to 38 km / h and the train passes 900 meters, slowing gradually to 35 km / h. ABC is triggered again, dropping 1.2 bar from the MACB, which reduces the speed to zero and set the train at Dimitrovgrad station at 18:04h. After a 2-minute stay, the locomotive performs several manoeuvring movements, for changing moving direction, as the speed does not exceed 40 km / h.
 At 18:18h the train leaves Dimitrovgrad to Dimitrovgrad-north, accelerates to 35 km / h and moves the next 500 meters for 1 minute, then accelerates to 60 km / h and begins to decrease smoothly to 52 km / h due to natural resistance and in addition to 30 km / h after ABC retention at 0.5 bar. The train travels 600 meters at a speed of between 30 and 35 km / h for 1.5 minutes. New acceleration to 65 km / h follows and the train passes next 500 meters for 40 seconds. A speed decreasing to 40 km / h follows after a MACB retention of 0.5 bar. At this speed with small deviations, the train moves along the entire section to Mihailovo Station, where it is settled at 19:10h.  In the considered section the voltage changes from 15 250 V at 18:10h to 26 600 V at [image: image13.png]200.0
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18:45h and the current consumed moves from 20 A at 17:55h to 0 A at 18:15h (Fig. 9)
The train departs from Mihaylovo station at 19:11h and accelerates rapidly to 100 km / h, after that slowly decreases to 80 km / h without using a brake and accelerates again to 100 km / h. In the 90 to 100 km / h interval, a vertical section on the speed line descending to 10 km / h, jumping to 100 km / h and angain restores the normal line of train speed reading (Figure 10, pos. 5). Within this time range, a maximum current value of 52 A has been recorded, which may be the cause of this crash. The train then maintains a speed of 100 km / h up to 4 km before it is established at Stara Zagora station when it starts to gradually decrease from the natural resistance to 88 km / h, after which an official retention is done with a dropping of 1.0 bar from MACB until a speed of 40 km / h. There is a speed fluctuation between 40 and 30 km / h and a new short retention of 0.7 bar, resulting in slowing to 0 km / h and setting the train at the station at 19:28h.  After a stay of 1.5 minutes, the train departs from Stara Zagora Station at 19:29h.
The train accelerates its movement very rapidly to 40 km / h, then accelerates slightly to 75 km / h, a decrease to 65 km / h follows and again accelerating to 100 km / h. It is worth noting that there is again a marking of a vertical section in the speed line, which in this case reaches only 68 km / h and again the line is restored (fig.10, pos.6). The train then maintains a travel speed of 100 km / h up to 2 km before its stop at Nova Zagora station, then starts to reduce speed by using ABC in stages: first the pressure is reduced by 0.4 bar, then by another 0.3 and by another 0.3 to reach a pressure of 4.0 bar in the MACB. Then the brake is fully loosened, which enables the speed to stay at 40 km / h and after a new retention, the speed drops to 20 km / h. The last retention sets the train at Nova Zagora Station at 19:53h. In the considered section the current changes from 52 A at 19:15h (maximal value for the whole trip) to 4 A at 19: 55 h. The voltage in turn varies from 18,775 V at 19:30h to 26,25 V at 19:40h (Fig. 10)[image: image14.png]300
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. 
 The train departs from Nova Zagora station at 19:44h and initially with a high acceleration reaches a speed of 40 km / h, thus passing 400 m to pass through the exit arrows of the station (Figure 11). For about 1 min the speed gradient decreases, then rises again up to a speed of 100 km / h. During  Nova Zagora-Konyvo section, the speed varies between 100 km / h and 90 km / h till 2000 m before Konyvo station at 20:02h. In this moment the speed begins to gradually decrease, obviously due to the natural resistance, because the train brake is not used. After driving for 1 200 m in 1 minute, at 20:03h, the motorman undertakes official ABC retention by releasing from MACB 1,0 bar, from 5,00 to 4,00 bar, then partially loosening with 0.6 bar to 4.6 bar and a new official retention of 0.6 bar, followed by a complete loosening that led to the final stop of the train at Konyovo Station. After 1 minute, the train departs from Konyvo at 20:04h, accelerates to 98 km / h and at this speed passes almost the entire section between Konyovo and Kermen. At 2000 meters before Kermen station, the speed drops from 98 to 88 km / h due to the inertia without using ABC for 600 meters, then for 700 meters it travels at a speed of 88 km / h and at 20:09h after lowering the pressure in the MACB with 1.0 bar, the train speed is reduced to 33 km / h and thus it passes 500 m till passing through the exit points of Kermen station, then accelerates to 100 km / h by maintaining that speed along the sections Kermen - Bezmer and Bezmer - Yambol till 2700 m before Yambol station. At 20:23 h, the locomotive uses its inertia, causing the speed to gradually decrease, and after 1800 m at 20:24 h, the speed is 85 km / h. At this point, the motorman applies ABC by releasing 0.8 bar from MACB, and after 250 meters he performs complete loosening, restoring the working pressure in MACB. These actions lead to a reduction in speed, which initially fast and then smoothly, after 800 m, reaches 60 km / h at 20:25h and in this moment ABC is used again, the pressure in MACB is initially reduced with 0,5 bar and then another 0.5 bar to 4.00 bar, thus the train speed is reduced to zero and at 20:26h it is located at Yambol station (Figure 11). The current reaches a maximum value of 36 A at 20:00h in Nova Zagora - Konyvo section and a minimum of 4 A at 20:25 h just before Yambol station, when the locomotive moves in braking mode to reduce the speed. In the same section, the voltage is changing from 24,100 V at 20:15h to 26,250 V at 20:25h.
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.After a stop of 1.5 minutes, the train starts and accelerates to 98 km / h,as at a speed of 95 km / h, the speed line drops vertically down to 75 km / h and instantly regains its previous value (pos. 11). The speed then keeps its value within 96-99 km / h for 3500 m when ABC is activated and the speed decreases to 65-67 km / h for 1,000 m to cross Zavoy Station, then accelerates again to 98 km / h. At a speed of 95 km / h, there is a vertical drop in the speed line, which reaches 5 km / h and then restores to the real speed of 98 km / h (pos. 8 in Figure 11).
Fig. 11
 Train 8613 slowly decreases its speed to 92 km / h 600 m before Zimnitsa station at 20:36h, follows a sharper decrease to 75 km / h when passing through Zimnitsa Station for 1900 m at 20:38h without ABC use, and accelerates through next 500 m to 98 km / h. Moving at a speed of between 95 and 100 km / h, the train passes Zimnitsa - Straldzha and Straldzha - Tserkovski sections. At a distance of 3400 meters before Tserkovski station at 20:48h the speed starts to decrease gradually from the natural resistance without ABC using, i.e. the locomotive moves in inertia. In this mode traction, the train passes 1600 meters and 1800 meters before Tserkovsky station at 20:49h, the motorman actuates ABC, reducing the pressure in MACB with 0,5 bar. This reduces the speed to 82 km / h.  200 m farther the brake is loosened, but the speed continues to decrease to 75 km / h and thus, fluctuating between 75 and 78 km / h, the train passes through Tserkovski station. 1000 meters after the station's reception, the train accelerates again and reaches a speed of 99 km / h. Thus, by changing its speed between 95 and 100 km / h, the train passes through Tserkovski – Karnobat section. 1300 m from Tserkovski station at 20:50h and a speed of 93 km / h for the last time there is a drop in speed line, which reaches 56 km / h and again almost immediately is restored (pos. 9 in Fig. 12). The train passes the distance between Tserkovski and Karnobat normally, moving at the above mentioned speeds up to 650 m before Karnobat station, where the motorman keeps, reducing the pressure in MACB with 1.0 bar. This reduces the speed to 60 km / h. At this point, the motorman begins to loosen ABC, but the speed continues to decelerate at the same rate until the brake is fully loosened, i.e. until it reaches 40 km / h, which continues 100 meters more. After full loosening the speed decreases at a slower race and after[image: image16.png]%_k 1
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 100 m more it drops to 30 km/h. Follows a new retention with 0,7 bar, wich leads to a new decrease of the speed – till 0 km/h as the 0 speed happens at 21:00 h at Karnobat station.
After a train stop of 1 min, 8613 departs from Karnobat Station and after 1,200 m it reaches 98 km / h for 1 minute (Figure 12). The train travels between Karnobat - Chernograd and Chernograd - Aytos at a speed of between 90 and 100 km / h and without use of the automatic train brake to regulate the speed, although the longitudinal slope of the road between Chernograd - Aytos is -11 ‰ (Fig. 12). It is precisely because of the sharp decrease of the longitudinal slope that the speed begins to decrease 1300 m before the Aytos station from 100 to 90 km / h for 700 m at 21:17h. 600 meters before Aytos station, the motorman actuates ABC, dropping 1.0 bar from MACB (92 km / h) and after a partial loosening to 4.6 bar and a new retention to 4.0 bar (100 meters before Aytos), the train stops at Aytos station at 21:17h. After a 1-minute stay, 8613 train departs from Aytos station at 21:18 h and reaches 100 km / h for 1100 m at 21:19h. The Aytos - Bulgarovo and Bulgarovo - Druzhba sections are passed at a speed of between 92 and 100 km / h. 
1900 m before Druzhba station the motorman triggers ABC, dropping 0.85 bar from MACB, which reduces the speed from 100 to 60 km / h for 600 m, followed by full loosening and the speed begins to decrease slower from 60 to 55 km / h for 1,750 m when passing through Druzhba station. At 21:30h, the motorman starts to pick up positions and the train starts to increase its speed from 55 to 60 km / h.  This is the moment when the motorman senses the smell of burned cable insulation and notices that the engine room is filled with dense black smoke and fire comes from both sides of the locomotive. The speed of the locomotive begins to gradually decrease from 60 to 40 km / h for 4100 m. At this point, the motorman picks up positions and the speed increases to 48 km / h after 800 m. The speed is reduced to 40 km / h for 200 m by natural resistance without using the brake. From this speed, the motorman retains with ABC, dropping 0.7 bar from MACB. At 21:37h the train is stationed at Dolno Ezerovo after being retained with ABC. The tape is taken down at 0:00h on May 05, 2018 (Figure 12).
When traveling from Yambol station to Dolno Ezerovo station between 20:25h and 21:40h the voltage in the contact network varies between 26,200 V (at 20:30h) and 0 V (at 21:40h) . Other high voltage values ​​measured in this area are 26 050 V (at 20:35h and 20:55 h), 26 125 V (at 21:25 h), 25 925 V (at 20:50 h), 25 950 V (at 21:10h) and 25,900 V (at 21:15h). Another low voltage value is 4850 V, measured at 21:35 h, before switching off the voltage in the contact network due to the short-circuit in the locomotive, i.e.  just before setting up the train at Dolno Ezerovo station. At the same travel time the measured high currents are 36 A (at 20:35 h) and 32 A (at 20:30h, 20:50h and 21:05 h) and the lowest are 0 A (in 21: 15h, 21:35h and 21:40h) and 4 A (at 20:25h, 21:25h and 21:30h). Power consumption is highest at 20:45 h (155 kWh) and lowest at 21:40h (2 kWh).
14.3. Conclusions - direct and main causes of the accident additional factors related to the technical condition of the rolling stock.
As a result of the studies, measurements and analyzes of the technical documentation for the condition of the locomotive, the Investigation Commission came to the conclusion that the repairs of the main aggregates, machines and assemblies are not carried out in due time. The quality of the repairs is reduced due to uninsured spare parts. Mileages between repairs have been exceeded and that disturbs the normal operation of the locomotive and the planned repairs scheme. The staff for the repair activities at Gorna Oryahovitsa Locomotive Depot doesn’t posses the necessary qualification.
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A reconstruction of the locomotive is carried out, whereby the work of the oil pump (01515), providing the circulation of oil in ATS and two heaters (01512) for heating the oil in ATS, is interrupted. The supply wires 196, 170 and 171 are interrupted at the oil pump and the heaters sides and are insulated with an insulating strip, but at the side of the automatic fuses 197, 164 and 165 with values ​​15A located in the cabin of the locomotive the supply wires are not interrupted during the recostruction (Figure 15). No documentation is provided to the Commission about the reconstruction, when and where it was done.
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The direct reason for the occurrence of a fire is the transient short-circuit occurring between the insulated wires and the body of the locomotive (cut and poorly insulated ends of the wires in the repair - Fig. 16), due to vibration occurring during operation of the locomotive. Therefore, the isolated ends of these wires (which are cut and unreliable isolated during repair) have contacted with the locomotive’s body, due to Distorted dielectric strength of the insulation (fig. 17 and fig. 18).
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This repeatedly contact between the wires and the locomotive body causes a short-circuit due to switched on fuses in the cabin of the locomotive. A high value current has passed through [image: image24.jpg]
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them, which has caused heating and melting of the insulation, but insufficient to trigger the automatic fuses. This leads to a voltage drop in the power supply circuits of the auxiliary machines (fans, compressors, etc.), which in turn has led to an increase of the current and additional heat load in the rectifying blocks of the auxiliary machines (220 and 221). The two auxiliary machine rectifying blocks are fed by a same coil of the transformer (0154) - terminals E, F, G, H (Fig. 13, 14). 
An additional confirmation of this version is the fact that the temperature of the bundle of cables has risen from inside instead from the the fire outside (Fig. 20, 21). [image: image26.png]0 300
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The main causes of the accident are the long-term operation of the locomotive at a low voltage in the auxiliary machinery power circuits and high value currents in the two rectifying blocks due to the transient short circuit between the insulated wires and the locomotive body. For this reason, in some of the elements (thyristors, diodes, etc. – Fig. 21, 22) that have been working with high value current and without cooling breaks have happened. As a result of the increased temperature in the overvoltage protection capacitors, the temperature of their electrolyte has increased. This has led to depressurisation of the metal housings and to spray the electrolyte on the heated components of the two rectifier units, which led to a simultaneous ignition and expansion of the fire (Fig. 23, 24).
 
15. Recommendations issued in order to avoid accidents upon the same reasons.
 In accordance with the requirements of Art. 94 para. 1 and para. 3 of Ordinance № 59 from December 5, 2006 in order to improve safety in railway transport, EA "Railway Administration" orders BDZ "Passenger Transport" Ltd to implement the given safety recommendations:
· Recommendation № 1 proposes a technical documentation to be prepared for to align ATS-related reconstructions in the electric locomotives series 44 and 45 and the adjacent elements;
· Recommendation № 2 proposes a controlled access to be provided to MACB compulsion power-off devices;
· Recommendation № 3 suggests that during the execution of  TI the control of the fire detection system (FDS) of the electric locomotives series 44 and 45 to be increased.
With reference to the implementation of Art. 94 para. 4 of Ordinance № 59 from December 5, 2006 for Railway Safety Management EA "Railway Administration" to notify in writing the head of SRAIIU in MTITC for the implementation of the given recommendations.
Sofia January 30, 2019 
Chairman:
Dr. eng. Boycho Skrobanski
Head of NIB in MTITC
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Fig. 12











Fig. 15. Schematic diagrams of the power circuits of the auxiliary machinery











Fig. 13. A schematic diagram of the power circuits of the locomotive series 44











Fig. 14. Schematic diagrams of the power circuits of the auxiliary machinery
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