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Abstract 

An attempt to localize and analyse the distribution of 
components of electric system on the crash site of the Tu-
154M PLF101 aircraft on April 10, 2010 has been 
presented. All available sources of information as 
photographs, movies, articles, reports and blogs have been 
used. Only a few components of the electric system have 
been recorded in available documents. Location of  
components and parts of the electric systems can help to 
trace the sequence of disintegration of the aircraft. 

Keywords - Components, crash site, electric system, 
location, parts, Tu-154M PLF101. 

Streszczenie 
Przedstawiono pr·bň lokalizacji i analizy rozkğadu czňŜci 

skğadowych ukğadu elektroenergetycznego samolotu Tu-
154M PLF101 na polu katastrofy w dniu 10 kwietnia 2010. 
Zostağy wykorzystane wszystkie dostňpne Ŧr·dğa informacji 
takie jak zdjňcia, filmy, artykuğy, raporty oraz blogi. Bardzo 
ograniczona liczba czňŜci skğadowych ukğadu 
elektroenergetycznego zostağa utrwalona w dostňpnych 
dokumentach. Lokalizacja czňŜci skğadowych systemu 
elektroenergetycznego moŨe pomoc w odtworzeniu 
sekwencji rozpadu samolotu. 

Sğowa kluczowe ï CzňŜci skğadowe, lokalizacja, pole 
katastrofy, Tu-154M PLF101, ukğad elektroenergetyczny. 

1. INTRODUCTION  

Many publications devoted to the Tu-154M PLF 101 

crash in Smolensk on April 10, 2010 have been elaborated 

so far by independent researchers, engineers, lawyers, 

journalists and sociologists. Although the wreckage and 

original ñblack boxesò are not available for independent 

investigations, the common conclusion from these 

publications is that the Tu-154M PLF 101 aircraft did not 

crashed as a result of collision with ground, but the aircraft 

disintegrated in the air.  This conclusion is supported by: 

¶ distribution of debris (Fig. 1); 

¶ large number (tens of thousand) of small parts on the 
crash site; 

¶ fragments of the aircraft skin on trees; 

¶ lack of crater; 

¶ lack of fuel (at least no records) and fuel fire on the 

ground. 

Only photographs taken and movies made on the crash 

site have been analyzed. Photographs taken after 

transportation of the wreckage to the place of its storage are 
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of limited credibility. There is no guarantee that the remains 

at the place of storage were intentionally or accidentally 

damaged, replaced with the parts of another wreckage of the 

Tu-154M, jet-washed or cleaned off with the use of 

chemicals. 

 

Fig. 1. The Tu-154M PLF 101 wreckage trail plot grouped by 
location of parts of the aircraft: (1) light items including 
fragments of stabilizers; (2) engines, fragments of middle and 
rear fuselage, rudder; (3) landing gears, parts of middle wings, 
fragments of middle fuselage, fragments of nose, spare wheels. 

2. COMPONENTS OF ELECTRI C SYSTEM 

Components of electric systems (Fig. 2) include: 

¶ generators, i.e., main generators mounted at turbofan 

engines and generator of the auxiliary power unit 
(APU); 

¶ electrical energy conversion devices as solid state 

converters and electromechanical energy conversion 

devices; 

¶ electric motors, as for example, fuel pump motors; 

¶ electromagnetic devices, as for example, valves, 

actuators, relays, transformers, etc.; 

¶ batteries; 

¶ connecting power cables. 

3. GENERATORS 

The main generators are three 40-kVA, 115/200 V, 400 

Hz, 6000 rpm, constant speed drive (CSD) ɻʊ40ʇʏ6 
woundïfield synchronous generators (Fig. 3) driven by three 

ɼ-30ʂʋ turbofan engines (Fig. 2). Each generator feeds one 

channel. There is also a reserve 40-kVA, 115/200 V, 400 Hz 

auxiliary power unit (APU), which consists of ɻʊ40ʇʏ6 

synchronous generator driven by independent ʊɸ-6ɸ 

turbine engine [1, 2, 3, 4 5]. 
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Fig. 2. Block diagram of electric power system of Tu-154M [2]. 

Main synchronous generators are hidden under engine 

cowl (cover) and if the engines are not shattered, the 

generators are invisible. The only available photographs are 

in Annexure No 4.20.22 ĂNote on the inspection at crash 
site of the Tu-154M No 101 on April 11-13, 2010ò to the 

CINAA (KBWLLP) Report [6], which show the main 

generator on the left engine No 1 (Fig. 4). The generator and 

associated gaers look undamaged and are firmly fixed to the 

engine body. Other photographs of ɻʊ40ʇʏ6 generators 

taken after crash of the Tu154M PLF101 are not available. 

 

Fig. 3. Wound-field synchronous generator ɻʊ40ʇʏ6. 

 

Fig. 4. Generator ɻʊ40ʇʏ6 on the engine No 1 (left). The 
engine cover (cowl) has been removed. Photo taken between 11 
and 13 April 2010 on the crash site. Source: Annexure No 
4.10.22 to KBWLLP Report [6]. 

4. ELECTRICAL ENERGY CON VERSION DEVICES 

No electromechanical energy conversion devices have 

been found on the available photographs and movies. Fig. 4 

shows the electromechanical rectifier ɺʋ-6B which feeds 

the 27 V DC bus. The DC 27 V, 200 A system (Fig. 2), 

receives power from the main system via two transformers 

ʊʉ-330ʉ04ɹ and three ɺʋ-6ɸ or ɺʋ-6ɹ rectifiers (two 

operation and one backup) and four  20ʅʂɺʅ-25 batteries. 

The rectifiers ɺʋ-6 are located in the front part of the 

fuselage under the cockpit floor. These devices consist of a 
transformer with two secondary windings (wye and delta), 

two Larionovôs diode rectifiers and a fan. 

 

Fig. 5. Rectifier ɺʋ-6ɹ 208 V 400 Hz/27 V DC on the Tu-154 
aicraft. Source: http://commons.wikimedia.org/wiki/File:VU-6B-
rectifying-device-on-Tu-154.jpg  

The ɺʋ-6 electromechanical rectifiers of the Tu-154M 
PLF101 have not been identified on available photographs 

taken after the crash.  

5. ELECTRIC MOTORS AND A CTUATORS 

The ɼ-10 ɸʈʋ (D-10 ARU) d.c. electric motor is an 

integral part of the ʊʕʄ-4 electromagnetic brake for flap 

control mechanism (Fig. 6). The ʊʕʄ-4 electromagnetic 

brake, according to IAC (MAK) report [5], was found near 

the famous birch tree, before Gubenko Street (Fig. 7 and 

Fig. 8). This is the fragment No 9.2 in Fig. 7 the photograph 

of which is shown in Fig. 9.  Nearby the ʊʕʄ-4, the screw 

actuator of flaps (No 14 in Fig. 7) and flap gear reducer (No 

13 in Fig. 7) were also found. These parts are shown in Fig. 
9, Fig. 10 and Fig. 11. 

 

Fig. 6. Brand new ɼ-10 ɸʈʋ d.c. electric motor. 

http://commons.wikimedia.org/wiki/File:VU-6B-rectifying-device-on-Tu-154.jpg
http://commons.wikimedia.org/wiki/File:VU-6B-rectifying-device-on-Tu-154.jpg
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Both photographs in Fig. 9 and Fig. 10 have been 

downloaded on April 10, 2010 at 18:44 by a Russian 

blogger MAKS at http://www.forum.smolensk.ws . The 

photograph of the same parts shown in Fig. 11 has been 

taken later. The authorsô request for the date and time of this 

photograph being e-mailed to the Team for Explanation of 

Causes of Smolensk Crash [7], personally to M. Lasek, the 

chairman, has remained unanswered. 

 

Fig. 7. Fragments of Tu-154M PLF 101 on the wreckage field 
before Gubenko Street according to Interstate Aviation 
Committee (MAK) [ 8]. 3 - site of impact ˉ2 on a tree, h=4.1m, 
4 - site of impact ˉ3 on a group of trees, 5 - site of impact ˉ4 
on a group of trees, 6 - site of impact ˉ5 on a group of trees, 7 
- site of impact ˉ6 on a tree, h=4.8m, 8 - fragments of the left 
wing in the tree trunk, h=5m, 9 - fragment of the left aileron, 
left flap fairing, fragment of left slat, 9.1 - left outer flap tip, 9.2 
- left outer flap tip fairing, ʊʕʄ-4, ɼ-10 ɸʈʋ ˉ00900002, 9.3 - 
left flap track, slat fragment, flap housing, 10 - fragment of left 
wing skin panel, 11 - spoiler track drive fragment 
ˉ15483514131 of the left outer wing, 12 - fragment of the 
outer slat tip of the left outer wing, 13 - fragments of left wing 
skin panels, flap drive gear box fragment, 14 - flap drive 
fragment, 15 - collision with power lines and wire tear off, 16 - 
fragment of left outer wing with a fragment of slat, left aileron.  

 

Fig. 8. Location of screw actuator of flaps and electromagnetic 
brake ʊʕʄ-4 on N. Bodinôlot before Gubenko Street. Source: 
elaboration by blogger Wielki55.  

The photo of the screw actuator of flaps (Fig. 10) shows 

that this part dropped from the aircraft before the birch tree 

at N. Bodinôs lot. The Interstate Aviation Committee 

(MAK) report [8] indicates the location of the actuator 

behind the birch tree (Fig. 7). Without doubt, the illustrative 

material in figures Fig. 8 to Fig. 11 is a proof that the screw 

actuator of flap control and electromagnetic brake ʊʕʄ-4 

have been intentionally moved at the crash site to make the 

official version of the crash [8, 9, 6] more authentic. In the 

official version of the crash [8, 9, 6], the ñarmoredò birch 

tree is the main cause of the crash. 

The principle of the flap control of the Tu-154M aircraft 

is shown in Fig. 12 Flap actuators are used to move the flaps 

transforming screw rotation into forward movement of flaps. 

The angle of deflection of flaps is from 0o to 45o.  A hydro-

electro-mechanical system has been designed for pulling-out 

and retraction of flaps. The mechanism SPZ-1A for moving 

the flaps consists of a transmission and screw actuators. The 

transmission of flaps transfers the torque from the steering 

gear to the screw actuators and provides synchronous 
sweep-up and pull-out of flaps on right and left wings. 

Transmission is located  on the rear wall of the third spar 

including the detachable part of the wing. Transmission 

consists of shafts, supports, airtight tips (terminals) and 

reducers. Shafts are made of mutually connected duralumin 

transmission tubes, reducers, slotted tips of screw actuators 

and cardan shafts. Cardan shafts are used to connect the 

transmission shafts if their axles intersect at an angle of up 

to 8o. Cardans eliminate bending and jamming of 

transmissions upon deformation of the wing and serve to 

compensate for this mutual displacement of its mechanisms. 

 

Fig. 9. Electromagnetic brake TEM-4. Photograph taken 
probably on April 10 2010 before 18:44. Source: 
http://www.forum.smolensk.ws/viewtopic.php?p=6889622#p68 
89622 Author: MAKS.  

 

Fig. 10. Screw actuator of flaps found near N. Bodinôshed. 
Source: S. Amielin [10]. 

The actuators of external flaps differ from the actuators of 

internal flaps because their heads are inclined at a certain 

angle with regards to the screw axis. There is reducer in the 

head of actuator consisting of a pair of bevel gears mounted 

on bearings in the body of the actuator. 

http://www.forum.smolensk.ws/
http://www.forum.smolensk.ws/viewtopic.php?p=6889622#p68
file:///C:/Users/Witakowski/AppData/Local/Microsoft/Windows/Users/Witakowski/AppData/Local/Microsoft/Jacek
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Fig. 11. Screw actuator for left wing flaps (1), electromagnetic 
brake ʊʕʄ-4 (2) and reducer (3). Photo taken by IAC (MAK) 
[8] Source: www.faktysmolensk.gov.pl  

 

Fig. 12. Parts of flap control system found on crash site and 
principle of flap control of the Tu-154M aircraft. 1 ï outer flap, 
2 - inner flap, 3 - screw actuator of outer flap control, 4 - - 
screw actuator of inner flap control, 5 - electromagnetic brake 
TEM -4 of mechanism of flaps, 6 - transmission shaft, 7 - 
hydraulic motor. Source: S. Amielin [110]. 

6. BATTERIES  

The nickel-cadmium batteries 20ʅʂɹʅ-25-ʋ3 (Fig. 13) 

of the aicraft electric system provide: 

¶ autonomous start of the main engines and APU;  

¶ power to the ground conditions of individual loads 

when the engines and APU do not operate; 

¶ start in flight;  

¶ feeding in flight 1st category loads under emergency 

conditions. 

 

Fig. 13. Nickel-cadmium battery 20ʅʂɹʅ-25-ʋ3. 

The Tu-154M aircraft is equipped with four 20ʅʂɹʅ-25-

ʋ3 batteries and two spare batteries. Three out of six of the 

20ʅʂɹʅ-25-ʋ3 batteries of the Tu-154M PFL 101 have 

been found undamaged at the crash site (Fig. 14). 

 

Fig. 14. Undamaged batteries at the crash site. Source: 
SuperVizjer_Smolensk_4.wmv 
(http://www.youtube.com/watch?v=dB08tmbl2TQ).  

 

Fig. 15. Low pressure compressor (LPC) of the left engine No 1 
at the crash site. (a) the blades were spinning before touching 
the ground because their tip portion is covered with soil (b) the 
object in rectangular frame beside the LPC is probably the 
battery 20ʅʂɹʅ-25-ʋ3. Source: Fig. 15a 
www.faktsmolensk.gov.pl , Fig. 15b unknown source. 

It is impossible to locate on the basis of available 

illustrative material where the batteries have been dropped 

after the crash. Fig. 15 shows that the batteries have been 

moved at the crash site from place to place. 

http://www.faktysmolensk.gov.pl/
http://www.youtube.com/watch?v=dB08tmbl2TQ

