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HARDNESS INDICES ESTIMATION OF SUPPORTING STRUCTURE 
ELEMENTS OF MOTOR BOGIES OF THE ELECTRIC TRAIN ED9M 

Purpose. The purpose of article is to develop the measures of hardness indices improvement of the supporting 
structures of motor cars of the electric trains ED9M. Methodology. In order to achieve the above stated aims the 
following measures had to be done: to develop a finite element model of the supporting structures of the motor bo-
gie of the electric train ED9M, determine parameters of the developed model; perform the calculations to determine 
the stress-strain state during loads corresponding to different operating conditions with the search of geometric pa-
rameters reducing the highest stress levels. Findings. The obtained results of calculations (fields of stress distribu-
tion and strains in the elements of the motor bogie frame) from the viewpoint of the strength and stiffness discov-
ered the best geometric parameters of the bearings in the central suspension beams of the electric trains ED9M in the 
places of load transmission from the car body to the bogie frame. Originality. Based on the developed finite ele-
ment models and the theoretical and experimental researches the scientifically grounded modernization measures of 
the construction elements of the central suspension beams for motor bogies of the electric trains ED9M were devel-
oped. Practical value. It was developed an engineering solution concerning the measures to improve the strength 
and stiffness characteristics of the central suspension beams for the motor cars of the electric trains ED9M. It was 
given to the Ukrzaliznytsya’s professionals to implement them during repairs. 

Keywords: simulation models; theoretical calculations; ED9M electric train; motor bogie; bogie frame and the 
central suspension beam; strength characteristics 

Introduction 

In 2007 Russia bought a certain amount of 
electric trains ED9M produced by the Demikhiv 
plant of mechanical engineering in relation to the 
need to meet the demands for suburban passenger 
transportations and for the renewal of electric train 
fleet in Ukraine [6]. 

Fig. 1, 2 show a general view of the head and 
motor cars of this electric train, when Fig. 3, 4 
shows the general view of the motor car bogie and 
the central suspension beam [10, 11]. 

 
Fig. 1. The head car of the electric train ЕD9М 
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Fig. 2. The motor car of the electric train ЕD9М 

 
Fig. 3. General view of the motor bogie of the electric 

train ЕD9М 

 
Fig. 4. General view of the beam and elements of struc-

ture interaction with the body and bogie frame 

As it was found out in a short operation period 
of these electric trains on the AC powered stations 
with quite simple profile in terms of loading, a 
beam fracture incident of the central suspension for 
electric train bogie had occurred. Fig. 5 shows a 
view of such beam. 

 
Fig. 5. General view of the fractured beam 

It is known that fractures occur in the places of 
maximum loadings, arising during operation. At 
the same time it should be noted that crack appear-
ing, its development and fracture is to a great ex-
tent caused by the presence of excessive concentra-
tors in the corresponding place due to poor casting. 

A lot of works are dedicated to the following 
issues: the dynamic loading determination, com-
parative evaluation of various techniques during 
research conducting to identify the fatigue indica-
tors and the resource of the bogie supporting struc-
tures, bench development and conduction of vibra-
tion bench testing for fatigue failure. These works 
were published in Ukraine and Russia [1, 3, 4, 7] 
and in the foreign countries as well [2, 12, 13]. 

Purpose 

Aim of the study was to find out the factors that 
could lead to the fracture of the central suspension 
beam and on the basis of relevant work to develop 
a set of measures to improve the durability per-
formance. 

Methodology 

To assess the stress levels that can be created in 
both the central suspension beam and in the basic 
bearing structures of the bogie frame a solid model 
displaying the configuration and the design 
features were created [14] and the finite-element 
calculation model was developed [9]. 

Beam models and the bogie frames are shown 
in Fig. 6 and 8 and its finite element calculation 
model – in Fig. 7 and 9. 

 
Fig. 6. General view of the model of central suspension 

beam for the electric train ЕD9М 
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Fig. 7. Finite-element calculation model of the central 

suspension beam for the electric train ED9M 

 
Fig. 8. Model of the motor bogie frame 

The finite-element calculation model shown in 
Fig. 7 consists of 14016 elements and has 28.728 
junctions. 

 
Fig. 9. Finite-element calculation model of the motor 

bogie frame 

The finite-element model of the bogie frame 
consists of 65144 elements and 131172 junctions. 

According to the developed finite-element 
schemes [9] the calculations with the following 
operation modes modeling were carried out: 

1. Determination of static stress elements from 
the body weight action. It is assumed that the mo-
tor car body weight 64.9 tons is evenly distributed 
among all the bearings and thus 32.45 tons fall to 
each central suspension beam. Then this loading is 
transferred to the bogie frame longitudinal beams; 

2. Determination of the maximal stress levels 
during the coasting motion of electric train. In this 
case, it is assumed that the static loading from the 

body is increased by (1 + CVD) time, where CVD is 
the coefficient of vertical dynamics of central sus-
pension; 

3. Determination of the maximal stress levels 
during motion in traction mode. In this case, the 
horizontal lateral N and traction FT forces in the 
connection junctions of shifter arm, as well as 
bending moments in the vertical Мv and in the 
horizontal Мh areas are applied to the central sus-
pension beam and longitudinal beams of the bogie 
frame. 

Findings 

Using the developed models [14] and finite-
element schemes [9] the impact assess of geomet-
ric design parameters of the spring sets bearings, 
which are attached to the profile base of the beam 
on the stress state of these elements was calculated.  

Figure 10 shows the distribution field of 
stresses in case the strengthening ribs of the spring 
set bearings, connecting with the profile base of 
the central suspension beam are absent. 

 
Fig. 10. Stress distribution field under static loading and 

absence of strengthening ribs 

Fig. 11 shows the results of the stress-strain 
state calculation from the effect of static loading in 
case the strengthening ribs have the same thickness 
as in the fractured beam of central suspension. 

 
Fig. 11. Stress distribution field under static loading 

with small strengthening rib 
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Fig. 12 shows the results of calculation of the 
stress-strain state during motion in traction mode 
for the case when the strengthening ribs have the 
same thickness as in the fractured beam of central 
suspension. 

 
Fig. 12. Stress distribution field during motion of elec-
tric train in traction mode with small strengthening rib 

Fig. 13 shows an example of the stress distribu-
tion field of the motor bogie frame during the 
modeling of motion; where in addition to the load-
ing from body weight the force of buff dynamic 
loading in the fusing unit of traction gear box to 
the bogie frame is taken into account. 

 
Fig. 13. Stress distribution field in the mode of motion, 
where the buff dynamic loading from the forces in the 

fusing unit of traction gear box to the bogie frame. 

Table 1 shows the levels of maximal stresses in 
the most loaded areas of the central suspension 
beam in the proposed options of modernization for 
the supporting junction of spring set. 

For the steel 09 H2S, which is used to product 
the supporting structures for rolling stock, the 
value of strength limit is 500 MPa, and liquid limit 
is 359 MPa. 

Table 1  

The maximal stress values in the central suspension beam in various modernization options 

No. Modernization measures con-
tent 

Loading mode Area of maximal stress  Equivalent stress 
value, МPа 

Transition point from the 
spring set bearing to the 

body bearing  
 

268 
1 

There is no separating 
strengthening rib in the 
bearing of spring set. 

Static loading from 
the car body weight 

Inner surface of separating 
fluting of the spring support 268 

Transition point from the 
spring set bearing to the 

body bearing  
210 

2 
There are separating 

strengthening ribs 20 mm 
thick 

Static loading from 
the car body weight 

Inner surface of separating 
fluting of the spring support 210 

3 
There are separating 

strengthening ribs 18 mm 
thick 

Static loading from 
the car body weight 

The separating strengthening 
rib in junction place to the 

body support fragment 
265 

Transition point from the 
spring set bearing to the 

body bearing 
195 

4 
There are separating 

strengthening ribs 25 mm 
thick 

Static loading from 
the car body weight The separating strengthening 

rib in junction place to the 
body support fragment 

195 
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End of  the Table 1  

No. Modernization measures con-
tent 

Loading mode Area of maximal stress  Equivalent stress 
value, МPа 

Transition point from the 
spring set bearing to the 

body bearing 
190 

5 

There are separating 
strengthening ribs 25 mm 
thick with roundings of 15 
mm radius along the height 

Static loading from 
the car body weight The separating strengthening 

rib in junction place to the 
body support fragment 

190 

6 

There are separating 
strengthening ribs 25 mm 
thick with roundings of 15 
mm radius along the height 

Dynamics, move-
ment in the traction 

mode 

Transition point from the 
spring set bearing to the 

body bearing 195 

Originality and Practical Value 

On the basis of the worked out models and con-
ducted research the scientifically grounded meas-
ures of modernization for central suspension beams 
of the electric cars ED9M were developed. It was 
obtained that the design of spring set support with 
the strengthening ribs 25 mm thick and the round-
ings of 15 mm radius along the height is the best 
one. As a result of the research it was developed an 
engineering solution of measures to improve the 
strength performance of the central suspension 
beams for the motor cars of electric trains ED9M. 
This solution was transferred to the specialists of 
Ukrzaliznytsya to implement them during the PR3 
or overall repairs. 

Conclusions 

The results of calculations and the obtained 
fields of stress distribution in the central suspension 
beam showed that the fracture occurred in the areas 
of maximal stresses, which are created in the opera-
tion condtions. The crack appearing, its develop-
ment and fracture is also caused by the presence of 
excessive concentrators due to the poor casting. 

On the basis of obtained results of theoretical 
studies it was found out that the junction of spring 
set support with strengthening ribs 25 mm thick 
and with roundings of 15 mm radius along the 
height is the best one. 

General view of the best modernization variant, 
which has minimal stress levels and meets the re-
quirements to the strength parameters [5] is shown 
in Fig. 14. 

For bogie frame in the most unfavorable load-
ing mode (calculation example of which is shown 
in Fig. 13) it was found out that the greatest stress 

levels on the top sheets of longitudinal beams 
reach 100 MPa. In the middle of the longitudinal 
beams between the junctions of vertical loading 
transmition the maximal stresses are changing in 
the range of 56-70 MPa. On the transverse beams 
in the places of their junction to the longitudinal 
beams the maximal stresses are 40 MPa and 30 
MPa in the middle. 

 
Fig. 14. General view of the best modernization variant 

of the central suspension beam 

On the bottom sheets of longitudinal beams in 
the area of load transferring from the bogie weight 
and central suspension beam the maximal stresses 
reach 126 MPa. 

In the junction of transverse beams to the longi-
tudinal beams the maximal stresses do not exceed 
30 MPa, including the locations of support brack-
ets for traction gear boxes. 

On the basis of strength calculations of the basic 
supporting structures for motor bogie frames it can be 
concluded that the above mentioned stresses are 
those, which do not constitute a threat to the strength 
safety of their state [5]. But during operation of the 
electric trains ED9M in the motor bogies the condi-
tion of the longitudinal beams in the places the 
transmit nodes of vertical loading from the body and 
the bolster to the bogie frame should be controlled. 
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ОЦЕНКА ПОКАЗАТЕЛЕЙ ПРОЧНОСТИ ЭЛЕМЕНТОВ НЕСУЩИХ 
КОНСТРУКЦИЙ МОТОРНЫХ ТЕЛЕЖЕК ЭЛЕКТРОПОЕЗДОВ 
СЕРИИ ЭД9М 

Цель. Целью работы является разработка мероприятий по улучшению показателей прочности и жестко-
сти элементов несущих конструкций тележек моторных вагонов электропоездов серии ЭД9М. Методика. 
Для достижения указанной цели было необходимо: разработать конечно-элементные модели несущих кон-
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струкций моторной тележки электропоезда серии ЭД9М; определить параметры разработанной модели; 
провести расчеты по определению напряженно-деформированного состояния при нагрузках, соответствую-
щих различным условиям эксплуатации, с поиском геометрических параметров, способствующих уменьше-
нию наибольших уровней напряжений. Результаты. Результаты расчетов (поля распределения напряжений 
и деформаций в элементах рамы моторной тележки) позволили получить наилучшие с точки зрения прочно-
сти и жесткости геометрические параметры опорных частей балок центрального подвешивания моторных 
вагонов электропоездов серии ЭД9М в местах передачи нагрузок от кузова вагона. Научная новизна. На ос-
новании созданных моделей и выполненных теоретических и экспериментальных исследований разработаны 
научно обоснованные мероприятия по модернизации балок центрального подвешивания моторных тележек 
электропоездов серии ЭД9М. Практическая значимость. Разработано техническое решение для мероприя-
тий по улучшению показателей прочности балок центрального подвешивания моторных тележек вагонов 
электропоездов серии ЭД9М и передано специалистам Укрзализныци для внедрения при выполнении ре-
монтов ТР-3 или КР. 

Ключевые слова: расчетные модели; теоретические расчеты; электропоезд серии ЭД9М; моторная те-
лежка; рама тележки и балка центрального подвешивания; показатели прочности 
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ОЦІНКА ПОКАЗНИКІВ МІЦНОСТІ ЕЛЕМЕНТІВ НЕСУЧИХ 
КОНСТРУКЦІЙ МОТОРНИХ ВІЗКІВ ЕЛЕКТРОПОЇЗДІВ СЕРІЇ ЕД9М 

Мета. Метою роботи є розробка заходів з покращення показників міцності та жорсткості елементів 
несучих конструкцій візків моторних вагонів електропоїздів серії ЕД9М. Методика. Для досягнення вказа-
ної мети було необхідно: розробити скінченно-елементні моделі несучих конструкцій моторного візка елект-
ропоїздів серії ЕД9М; визначити параметри розробленої моделі; виконати розрахунки з визначення напру-
жено-деформованого стану при навантаженнях, що відповідають різним умовам експлуатації, з пошуком 
геометричних параметрів, що сприяють зменшенню найбільших рівнів напружень. Результати. Результати 
розрахунків (поля розподілу напружень та деформацій в елементах рами моторного візка) виявили найкращі 
з позиції міцності та жорсткості геометричні параметри опорних частин балок центрального підвішування 
моторних вагонів електропоїздів серії ЕД9М у місцях передачі навантажень від кузова вагона до рами візка. 
Наукова новизна. На підставі створених скінченно-елементних моделей та виконаних теоретичних та 
експериментальних досліджень розроблено науково обґрунтовані заходи з модернізації елементів 
конструкції надресорних балок центрального підвішування моторних візків електропоїздів серії ЕД9М. 
Практична значимість. Розроблено технічне рішення для заходів з покращення показників міцності та 
жорсткості балок центрального підвішування моторних вагонів електропоїздів серії ЕД9М та передано 
спеціалістам Укрзалізниці для впровадження під час виконання ремонтів ПР-3 або КР. 

Ключові слова: розрахункові моделі; теоретичні розрахунки; електропоїзд серії ЕД9М; моторний візок; 
рама візка та балка центрального підвішування; показники міцності 
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