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

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 EDIM 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 EDOM. It was
given to the Ukrzaliznytsya’s professionals to implement them during repairs.

Keywords: simulation models; theoretical calculations; EDIM electric train; motor bogie; bogie frame and the
central suspension beam; strength characteristics
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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 eass -
the central suspension beam [10, 11]. Fig. 1. The head car of the electric train EDIM
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Fig. 3. General view of the motor bogie of the electric
train ED9M

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.

S

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.

=~
27

Fig. 6. General view of the model of central suspension
beam for the electric train ED9M
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Fig. 7. Finite-element calculation model of the central
suspension beam for the electric train EDIM

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 + Cyp) time, where Cyp 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 Fr forces in the
connection junctions of shifter arm, as well as
bending moments in the vertical M, and in the
horizontal M, 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.

L
l

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- Loading mode Area of maximal stress Equivalent stress
tent value, MPa
Transition point from the
. . spring set bearing to the 268
There is no separgtmg Static loading from body bearing
1 strengthening rib in the .
? . the car body weight
bearing of spring set.
Inner surface of separating 263
fluting of the spring support
Transition point from the
There are separating ) ) spring set bearing to the 210
2 strengthening ribs 20 mm Static loading fr'om body bearing
hick the car body weight -
thic Inner surface of separating 210
fluting of the spring support
There are separatlng Static loading from The §eparatlpg strengthening
3 strengthening ribs 18 mm the car body weicht rib in junction place to the 265
thick y welg body support fragment
Transition point from the
) spring set bearing to the 195
There are scparating Static loading from body bearing
4 strengthening ribs 25 mm h bod oh
thick the car body weight | e separating strengthening
rib in junction place to the 195
body support fragment
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End of the Table 1

No. Modernization measures con- Loading mode Area of maximal stress Equivalent stress
tent value, MPa
Transition point from the
There are separating spring set bearing to the 190
5 strengthening ribs 25 mm Static loading from body bearing
thick W}th roundings of 15 | the car body weight | Tpe separating strengthening
mm radius along the height rib in junction place to the 190
body support fragment
There are separating . Transition point from the
L Dynamics, move- . .
strengthening ribs 25 mm . . spring set bearing to the
6 . . . ment in the traction . 195
thick with roundings of 15 body bearing
. . mode
mm radius along the height

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 EDOM 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 EDIM.
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.
-\\ \

L//
,V:’\§

/ :\\

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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OILEHKA HOKA;ATEJIEI\/'I IMTPOYHOCTHU 2JIEMEHTOB HECYIIIUX
KOHCTPYKIHNHU MOTOPHBIX TEJIEXEK 3JIEKTPOIIOE3/10B
CEPUU O/9M

Heas. Llenpto paboTs! siBiIsieTCs: pa3paboTKa MEPONPHUITHI 110 YITyUIISHHIO ITOKa3aTeNed MPOYHOCTH U JKECTKO-

CTH 3JIEMEHTOB HECYIIUX KOHCTPYKUUH TEJEKEK MOTOPHBIX BaroHOB 3JIeKTpornoe3noB cepuu IJ9M. Meroauka.
Jns pocTmKeHnsT yKa3aHHOW e OBII0 HEOOXOIUMO: pa3paboTaTh KOHEYHO-JIIEMEHTHBIE MOJIENIH HECYINX KOH-
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CTPYKIMI MOTOPHOH TENEeXXKH 3JeKTporoe3na cepun DJ[9M; ompenenuts mapaMmeTpbl pa3paOOTaHHOW MOJEINH;
MIPOBECTH PACUETHI 110 ONPEICICHUIO HANPSDKEHHO-1e(OPMUPOBAHHOTO COCTOSIHUS IIPU Harpy3kax, COOTBETCTBYIO-
XX Pa3JIMYHBIM YCIOBHSAM 3KCIUTyaTalllH, C IOMCKOM I€OMETPHUYECKHX ITapaMeTpOB, CIIOCOOCTBYIONINX yMEHbIIe-
HUIO HauOOJIBIINX ypOBHEH HampspkeHui. Pe3yabTaThl. Pe3ynsrars pacueToB (IO pacipeneeHust HanpspKeHUH
u nedopmanuii B sIeMeHTax paMbl MOTOPHOH TENEKKH) TO3BOJIMIIM IOJIYYUTh HAWITYYIIHE ¢ TOUYKHU 3PEHHS IPOYHO-
CTH U ’KECTKOCTH T'€OMETPHUYECKUE TTapaMeTPhl OMOPHBIX YacTeil 0aloK LEHTPaIbHOIO MOABEHIMBAHHUS MOTOPHBIX
BaroHOB 3JIeKTpornoe3noB cepun I/[9M B MecTax mepeaadn Harpy3ok oT Ky3osa BaroHa. Hayunas noBusHa. Ha oc-
HOBaHUH CO3JIaHHBIX MOJIEJIEH M BBINOJHEHHBIX TEOPETUYECKUX M IKCIEPUMEHTAIBHBIX MCCIEIOBaHUN pa3paboTaHbl
Hay4YHO 0OOCHOBaHHbBIE MEPONPHSTHS MO MOJIEPHU3ALMH OAIOK IIEHTPAILHOTO MO/ABEHINBAHNS MOTOPHBIX TEJIEKEK
anexTporoe3noB cepur I9M. IIpakTdeckasi 3 HAYMMOCTh. Pa3paboTaHO TEXHUYECKOE PEIIeHHE IJIsl MEPOIIPHs-
TUH 110 yJIyYLICHUIO IOKa3aTeled MPOYHOCTH 0aJOK LEHTPAJIBHOTO IOJBEIIMBAHMS MOTOPHBIX TEJIEXEK BaroHOB
aneKkTponoe3noB cepur II9M u nepenaHo crenuanucTam YKp3aJdU3HBILM AJIs BHEIPEHHs] P BBIMOJIHEHUU pe-
monToB TP-3 mmu KP.

Kniouegvie cnosa: pacdeTHbIE MOAENHN; TEOPETHUECKHE pacdeTsl; 3jeKTpornoe3n cepuu D9M; mMoTopHas Te-
JIeKKa; paMa TeJISKKN 1 0ajKa HEHTPAIBHOTO MTOIBEIINBAHIS; OKA3aTEIN IPOYHOCTH
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OIIHKA ITOKA3HHUKIB MIHHOCTI EJIEMEHTIB HECYUUX
KOHCTPYKIINA MOTOPHUX BI3KIB EJEKTPOIIOI3IB CEPII EJI9M

Merta. Metoro poboTH € po3poOKa 3aXOiB 3 TOKPAIICHHS MMOKAa3HUKIB MIITHOCTI Ta YKOPCTKOCTI €JIEMEHTIB
HECYYHX KOHCTPYKIIX Bi3KiB MOTOPHHX BaroHiB enekTporoi3ai cepii EJI9M. Meroauka. [Ins nocsrHeHHS BKa3a-
HOi MeTH 0yJI0 HEOOXiTHO: pO3pOOUTH CKiIHYEHHO-EIEMEHTHI MOJIeIi HECyUnX KOHCTPYKIiHf MOTOPHOTO Bi3Ka €JIEKT-
pomoizais cepii EJI9M; Bu3HauMTH mapaMmeTpu po3poOiIeHOi MOJeli; BUKOHATH PO3PaXyHKH 3 BHU3HAYCHHS HAIpPy-
KEHO-/1e()OPMOBAHOIO CTaHy IPU HABAHTAXKEHHSX, IIO BIAMOBIJAIOTH PI3HMM yMOBaM €KCIUTyaTallii, 3 HOLIyKOM
TE€OMETPUYHUX ITapaMeTpiB, IO CHPUAIOTH 3MEHIICHHIO HAWOITBIINX PiBHIB HampykeHb. Pe3yjabTaTu. PesynsraTtn
PO3paxyHKiB (TOJIsE PO3MOIITY HAIIPYKEHb Ta nedopMalliid B eJIeMEHTaX paMi MOTOPHOTO Bi3Ka) BUSBHJIM HaHKpai
3 MO3MLIT MIITHOCTI Ta OPCTKOCTI T€OMETPHYHI NTapaMeTPH OIOPHHUX YaCTHUH 0aJOK LEHTPAILHOTO IiJABILIYBaHHS
MOTOPHHUX BaroHiB enekrpornoizniB cepii EJJ9M y Mmicusx nepeaadi HaBaHTa)KeHb Bijl Ky30Ba BaroHa /10 paMH Bi3Ka.
HaykoBa nHoBM3Ha. Ha mincraBi CTBOpEHHMX CKIHUEHHO-EJIEMEHTHHX MOJIENICl Ta BHUKOHAHMX TEOPETUYHHX Ta
EKCIIEPUMEHTAIBHUX JIOCITI/DKEHb PO3pPOOJICHO HAayKOBO OOIDYHTOBaHI 3axOAW 3 MOJEpHi3alii eleMeHTIiB
KOHCTPYKIIi HaIpecopHUX OaloK IEHTPaIbHOTO MiJABIIIYBaHHS MOTOPHHX Bi3KiB erlekTpomnoizniB cepii EJ9IM.
[pakTnyna 3HayuMicTs. Po3po0ieHO TexHIYHE pilleHHsS U1 3aXOiB 3 MOKPAIICHHS MMOKA3HHUKIB MIIHOCTI Ta
JKOPCTKOCTI 0alloK LEHTPaILHOTO MiABINTYBaHHS MOTOPHHX BaroHiB enektpomoizmiB cepii EI9M Ta mepemano
crieriaictaM YKp3aJli3HUIIl JJ1s1 BIPOBAKEHHS Mi]1 9ac BUKOHaHHA peMoHTiB [1P-3 a6o KP.

Kntouosi crnosa: po3paxyHKOBI MOJEIi; TEOPETHIHI PO3pPaxyHKH; enekTporoiza cepii EJJ9M; MoTopHHIA Bi30K;
pama Bi3Ka Ta Oaika EeHTPaILHOTO IiABIITYBaHHS; IIOKA3HUKH MIITHOCTI
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