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DETERMINATION OF VERTICAL DYNAMICS FOR A STANDARD UKRAINIAN
BOXCAR WITH Y25 BOGIES

Purpose. To determine the basic dynamic characteristics of a standard Ukrainian boxcar with the Y25 bogie by means of the
mathematic modelling of dynamic loads in the vertical plane and to compare them with the dynamic characteristics obtained for a
boxcar with the 18—100 bogie. It can be used for substantiation of application of the Y25 bogie as more promising, which can im-
prove the operational efficiency of rail transportation and foster integration of the Ukrainian transport system into the European
transportation complex.

Methodology. The authors used the mathematical modelling of a boxcar with the Y25 bogie. The research was made in the
vertical plane. It was taken into account that an empty car passed over a joint irregularity. The research was made for an 11—
217 boxcar as a predominant type to be used. The authors studied the motion of a car on the 18—100 and Y25 bogies. The basic
dynamic characteristics were determined for a boxcar with the nominal (design) dimensions of the carrying elements and a boxcar
with the actual dimensions (after a long service life) on the basis of the field tests. The differential equations were solved by
the Runge—Kutta method in MathCad software suite. The initial displacements and the speeds were taken equal to zero. The fol-
lowing dynamic characteristics of a boxcar were obtained: acceleration of the body in the center of mass, acceleration of the body
in the areas of support on the bogies, forces in the spring suspension of the bogie, and dynamic coefficients of the bogies.

Findings. The theoretical research showed that the basic dynamic characteristics of a boxcar with the nominal dimensions were
improved by 38—51 % in comparison to a similar one with the 18—100 bogie, and for a boxcar with the actual dimensions the dy-
namic characteristics were improved by 43—50 %.

Originality. The authors substantiated the application of the Y25 bogie for a standard Ukrainian boxcar with the nominal and
actual dimensions of the carrying elements by means of the mathematical modelling of the dynamic loads in the vertical plane.

Practical value. Due to lower dynamic loads on the carrying structures of freight cars with the Y25 bogie, it is possible to im-
prove the dynamic characteristics of the structures under the operational modes, to increase the fatigue strength and the opera-
tional resource, to decrease the total repair and maintenance costs, to ensure better security and reliability of freight transportation
through lower loads on both carrying structures and lashing devices, to increase the speed of freight delivery thanks to better dy-
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namic characteristics of cars, to improve the traffic security, and so on.
Keywords: transport mechanics, boxcar, dynamic loading, bogie, load modelling

Introduction. In accordance with the Ukraine-European
Union Association Agreement (Chapter 7 “Transport”, Arti-
cle 367) the parties to the agreement shall “... promote effi-
cient, safe and secure transport operations ...” and “... con-
tribute to the development of sustainable transport systems.” It
emphasizes the need for scientific research and development
aimed at seeking solutions to the tasks formulated.

And one of possible variants to solve these tasks is imple-
mentation of freight cars with bogies of improved technical
characteristics. It will enhance not only the operational char-
acteristics of a car, but the strength characteristics due to de-
creased dynamic loads. It can be achieved by application of
European Y25 bogies as an alternative for 18—100 bogies.

It should also be noted that this solution is especially fea-
sible for the transport means with the depleted working re-
source. It will improve the efficiency of transportation for the
existing rail vehicles.

Literature review. The peculiarities of determination of the
dynamic loads on the carrying structure of a car are studied in
[1]. The authors considered application of different types of
bogies for rail cars. However, they do not study an impact of
the technical characteristics of these bogies on the fatigue
strength of the carrying elements of rail cars and their opera-
tional resource.

The dynamics and optimization of a modern double-axle
bogie are studied in [2]. A special feature of this bogie is its
structure of two pieces connected by the diagonal rods.

But these studies do not present any research into the dy-
namics of cars with the actual dimensions of carrying elements
on the bogies under considerations.

Study [3] is devoted to how the stiffening and damping
components of the basic and additional suspensions affect the
dynamic characteristics of a high speed train. The analysis was
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made for a rail car with the symmetrical and asymmetrical sus-
pension configurations.

However, the authors did not study how the dynamic loads
on the carrying structure of a car can be decreased.

The structural features of new generation bogies are ana-
lyzed in [4]. The authors described the main advantages and
disadvantages of the existing bogies. They especially empha-
sized the LEILA and SUSTRAIL bogies. But the Y25 bogie
was only mentioned in the study.

The dynamic characteristics of a bogie moving on the
curve were studied by means of the bifurcation analysis in [5].
The Hopf bifurcation was analyzed for a two-axle bogie and a
doubled wheelset under the non-linear damping forces. It
should be noted that the authors did not consider how the bo-
gie dynamics impacted the loading on the carrying structure of
acar.

Study [6] presents some measures aimed at a decrease in
the dynamic loads on the carrying structure of a car by apply-
ing spring elements, and study [7] — by applying elements with
viscous links. However, implementation of bogies with the op-
timal technical characteristics to decrease the dynamic loads
on the carrying structure of a car is not described.

Unsolved aspects of problem. The analysis of the literature
has proven that it is of primary importance to explore a possi-
bility of applying the Y25 bogie for a boxcar with flat center
plates. This will improve the dynamic characteristics of the
carrying structures of freight cars under operational modes,
increase the fatigue strength, operation resource, and decrease
the repair costs, improve security of freight transportation due
to decreased loads on the carrying structure of cars and lashing
devices, increase the freight delivery, improve traffic safety,
and so on.

Purpose. The objective of the article is determination of
the basic dynamic characteristics of a typical Ukrainian boxcar
with European Y25 bogies by means of the mathematic mod-
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elling of the dynamic loads in the vertical plane and their com-
parison with the dynamic characteristics obtained for the 18—
100 bogie. This will ground the application of the Y25 bogies
as more promising; it will improve the efficiency of rail trans-
portation and foster integration of Ukraine’s transport system
into the European transportation complex.

Methods. The substantiation of the efficiency of the Y25
bogie for a boxcar is primarily based on determination of the
dynamic loads. The following tasks were set in the research:

1. The mathematical modelling of the dynamic loads on
the carrying structure of a boxcar with the design dimensions
on the 18—100 and Y25 bogies.

2. The mathematical modelling of the dynamic loads on
the carrying structure of a boxcar with the actual dimensions
on the 18—100 and Y25 bogies.

3. The comparative analysis of the modelled dynamic
loads for a boxcar with different bogie types.

Results. The dynamic characteristics of the basic Ukrai-
nian freight cars can be improved on the basis of research into
a possibility to use the Y25 bogie (Fig. 1).

The bogie has a stamp-welded frame. The primary one-
stage spring suspension is equipped with a friction wedge os-
cillation distinguisher. The bogie frame is rested on the axle-
box lugs through the cylindrical springs. The axle-box body is
placed in the axlebox guide and has vertical travel restrains.
The bogie is equipped with constant contact bearers.

The basic technical characteristics of the Y25 bogie are
given in Table 1 [8].

Unlike European Y25 bogies, the bogies manufactured in
CIS countries have moulded side frames, bolster beam and
brake shoes with unilateral pressure [9].

The basic dynamic characteristics of the carrying struc-
tures of a freight car with the Y25 bogie were determined
through the mathematical modelling on the basis of the math-
ematical model devised by Prof. Yu.V.Diomin and Assoc.
Prof. G.Yu. Cherniak. The research included the oscillations
of the carrying structures of a freight car in the vertical plane,
i.e. the bouncing oscillations, being one of the most predomi-
nant oscillation types during operation [10]. The study was
based on the motion of an empty car as a case of the maximum
dynamic loading when a car passed over a joint irregularity
[11]. The track was taken as a viscous elastic component. The
track responded proportionally to both the deformation and
the speed of this deformation. The design diagram is presented
in Fig. 2.

The input parameters of the model were the technical
characteristics of the carrying structure of a car with the design
and actual dimensions, the spring suspension of the bogies,
and the disturbing force (Table 2) [12]. The actual dimensions
of the carrying structure of a boxcar were determined through
the field tests.

An 11-217 boxcar manufactured by AO Altaivagon (Fig. 3)
was used for the research as a predominant freight car type in
Ukraine.

The inertia coefficients of the Y25 bogie were determined
by means of a spatial model in the Pro/e software complex
(Fig. 4).

The motion equation for the design model is as follows

Fig. 1. A Y25 bogie

Table 1

The basic technical characteristics of the Y25 bogie

Parameter Dimension Value
Mass ton 49 (5 %)
Track mm 1435
Bogie base mm 1800
Wheel diameter, (max/min) mm 920/840
Distance between the rail head and the mm 790
center of the pivotal spherical center
plate at a car weight of 20 tons
Cross gaps in the axlebox guides mm 2x10
Maximum axle load tons per 22.5

axle

Speed of a freight car at an axle load of km per 100
22.5 tons per axle hour
Speed of a freight car at an axle load of km per 120
20.0 tons per axle hour
Specific flexibility of spring suspension mm per 2.45
at a load from the axle to the rail up to ton
6.63 tons
Specific flexibility of spring suspension mm per 0.93
at a load from the axle to the rail over ton
6.63 tons

n4(x) 13(x)
Fig. 2. The design diagram of a boxcar

7 N2(%)

(%)

Table 2

The input parameters of the mathematical model

Parameter Value
The 18—100 bogie
mass, t 4.3
inertia moment, t - m? 3.0
half-base, m 0.925
spring suspension rigidity, KN/m 8000.0
The Y25 bogie
mass, t 4.85
inertia moment, t - m? 6.7
half-base, m 0.9
spring suspension rigidity, KN/m 4004.1
Track
damping coefficient, kKN - s/m 200
rigidity, kKN/m 100 000
irregularity amplitude, m 0.01
irregularity length, m 25
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Fig. 4. The spatial model of a Y25 bogie
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where M, M, are mass and inertia moment of the carrying
structure of a car at bouncing and galloping oscillations, re-
spectively; M;, M, are mass and inertia moment of the first
bogie facing the engine at bounding and galloping oscillations,
respectively; Ms, Mg are mass and inertia moment of the sec-
ond bogie facing the engine at bounding and galloping oscilla-
tions, respectively; Cj is elasticity characteristic of the oscilla-

tion system elements; B; is scattering function; a is half-base of
a bogie; g; is generalized coordinates corresponding to the ad-
vancing movement relative to the vertical axle and the angular
displacements around the vertical axle; k; is spring suspension
rigidity; B, is damping coefficient; Fp is absolute friction force
in a spring group.

The masses and the inertia moments of the carrying struc-
tures of a boxcar with the design and actual dimensions were
found through their spatial models built in the SolidWorks
software [13]. With standard options from the software suite
[14] it was found that the mass of the carrying structure of a
boxcar with the nominal dimensions was 15.3 t, the inertial
moment — 320.8 t - m?, and of a boxcar with the actual dimen-
sions — 12.7 t and 265.6 t - m?, respectively (Fig. 5).

Differential equations (1—6) were solved in the MathCad
software [15]. They were reduced to the normal Cochy form
[16]. After that they were integrated by the Runge-Kutta
method [17]. The initial displacements and the speeds were
taken equal to zero [18]. On the basis of the calculations, the
authors found the basic dynamic characteristics of the freight
cars with the nominal and actual dimensions on the 18—100
and Y25 bogies. The accelerations on the carrying structure of
aboxcar in the center of mass are given in Fig. 6. Mathematical
model (1—6) was also used for determination of other dynamic
characteristics of a boxcar with the nominal dimensions (Ta-
ble 3). The calculation was made for a car moving at a speed of
80 km per hour. The changes in accelerations on the structure
of a boxcar with the nominal (design) dimensions in the center
of mass are given in Fig. 6.

The results of the comparative study on the dynamic char-
acteristics of a boxcar are given in Fig. 7: I — accelerations on
the bogie in the center of mass, m/s?, I — accelerations of a
body in the areas of support on the bogies, 111 — force in the
spring suspension of a bogie, kN; IV — dynamic coefficient of
a bogie.
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Fig. 5. The model of the carrying structure of a boxcar with the
actual dimensions:

a — spatial model; b — data on the model
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Fig. 6. The accelerations on the carrying structure of a boxcar
with the nominal dimensions in the center of mass:

a — 18—100 bogie; b — Y25 bogie

Table 3
The dynamic characteristics of a boxcar with the nominal
dimensions
Bogie type
Factor
18—100 Y25
Bogie acceleration, m/s? 2.99 1.84

Acceleration of a body in the areas of support 5.44 2.68
on the bogie, m/s>

Force in the spring suspension of a bogie, kN 38.5 20.4

Dynamic coefficient of a bogie 0.51 0.28

The dynamic characteristics did not exceed the allowable
values [19]. Thus, application of the Y25 bogie for a boxcar can
decrease (improve) the accelerations on the carrying structure
of a boxcar by about 39 % if compared to the 18—100 bogie.
The other dynamic characteristics were also improved (Fig. 7).
And the motion of the car was estimated as excellent [20].

40 = 47.1%
36 1
32 1
28
24 1
20
16 1
12 1

8 1 50.7%
38.5%

41 L 45.1%
o | ,
I I I

I v
m18-100 Y25

Fig. 7. The comparative analysis of dynamic characteristics of a
boxcar with the nominal dimensions

The changes in accelerations on the carrying structure of a
boxcar with the actual dimensions (after a long service life) in
the center of mass are given in Fig. 8.

Mathematical model (1—6) was used for determination of
other dynamic parameters of a boxcar with the actual dimen-
sions (Table 4).

The results obtained demonstrated that the dynamic pa-
rameters were within the allowable values [19]. And the mo-
tion of the car was estimated as excellent [20].

The comparison analysis of the characteristics obtained
for a boxcar is presented in Fig. 9.

Thus, application of the Y25 bogie for a boxcar can de-
crease (improve) the acceleration on the carrying structure by
about 43 % in comparison to the 18—100 bogie (Fig. 9).

Conclusions.

1. The study deals with the mathematical modelling of
dynamic loads on the carrying structure of a Ukrainian box-
car with the nominal dimensions on the 18—100 and Y25 bo-
gies. The calculation took into account the fact that the car
passed over a joint irregularity with a speed of 80 km/h. It was
found that application of the Y25 bogie for a boxcar with the
nominal dimensions can decrease the acceleration on the
carrying structure by about 39 % in comparison to the 18—
100 bogie.

2. The authors researched into the dynamic loading on the
carrying structure of a boxcar with the actual dimensions with
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Fig. 8 The accelerations on the carrying structure of a boxcar
with the actual dimensions in the center of mass:
a — 18— 100 bogie; b — Y25 bogie

Table 4
The dynamic characteristics of a boxcar with the actual
dimensions
Bogie type
Factor

18—100 Y25

Body acceleration, m/s? 3.5 2.0
Accelerations of a body in the areas of support 6.6 3.4

on the bogie, m/s?

Force in the spring suspension of a bogie, kN 389 19.5

Dynamic coefficient of a bogie 0.6 0.3
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Fig. 9. The comparative analysis of the dynamic characteristics
of a boxcar with the actual dimensions

the 18—100 and Y25 bogies. Thus, this solution may decrease
the acceleration on the carrying structure of a car by about
39 % in comparison to the 18—100 bogie.

3. The research also deals with the comparative study on
the modelled dynamic loads to a boxcar for different bogie
types. It was found that the basic dynamic characteristics of a
boxcar (accelerations of a bogie in the center of mass, accel-
erations of a body in the areas of support on the bogies, forces
in the spring suspension of a bogie, dynamic coefficients of
bogies) with the nominal dimensions decreased by 38—51 % in
comparison to those with the 18—100 bogie. The basic dynam-
ic characteristics of a boxcar with the actual dimensions de-
creased by 43—50 % in comparison to ones with standard 18—
100 bogies.

A decrease in the dynamic loads on the carrying structures
of a freight car on the Y25 bogie can improve the dynamic
characteristics of the structure under operational modes, in-
crease the fatigue strength, operation resource, and decrease
the repair and maintenance costs, improve the security of
freight transportation and lashing devises, improve the freight
delivery and traffic safety, and so on.
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JIUTh OOTPYHTYBATHM AOUIJIBbHICTh YNPOBAIXKEHHS HaHUX
Bi3KiB, SIK OUJIbII MEPCTIEKTUBHUX 1 CHPUSATUME TMiABUILIEH-
HIO e(PEKTUBHOCTI eKCILUTyaTallil 3aJi3HUYHOTO TPaHCIOP-
Ty Ta €BpPOiHTErpaiii BITYN3HIHOTO TPAHCITIOPTHOTO KOMII-
JIeKCy.

Metonuka. [lyisi oOrpyHTYBaHHSI BUKOPMCTAHHSI Bi3KiB
tuny Y25 i KpUTUM BaroHOM ITpoBeleHe MaTeMaTUYHE MO-
nemoBaHHs. JlocaimkeHHsT TpoBeAeHI Y BEpTUKAJbHIl TJ10-
IIMHI. YpaxoBaHO, 1110 BArOH PYXA€ThCsI CTUKOBOIO HEPiBHiC-
TI0. B AIKOCTI TpoTOTHITY 0OpaHO KpUTHIA BaroH Mozaemi 11—
217, ik HAGIbILI po3NOBCIOKeHU. [Tpyu LIbOMY pO3IIIsiHY-
TO pyX BaroHa Ha Bi3kax tuiy 18—100 Ta Y25. BuznaueHHs
OCHOBHHUX TMOKa3HUKIB AWHAMIKM 3[iCHEHO JIsI KPUTOro
BaroHa 3 HOMiHAJbHUMU (KPECISIPCbKUMU) PO3MipaMM He-
Cy4YHX €JIEMEHTiB, a TakOX (aKTUYHUMU (Micjsd TpUBaIOL
eKcCIUTyaTallii), sIKi BU3Ha4YeHi Ha ITiACTaBi HATYpHUX JOCTi-
IKeHb. Po3B’s130K nudepeHialbHUX PiBHSIHb 3[iMICHEHO Y
nporpaMHomy KoMmriuiekci MathCad 3a metonoM Pynre-Kyrt-
ta. [ToyaTKoBi nepeMilleHHsT Ta MBUIKOCTI MOKJIaAeHi piB-
HUMU HyJ10. [1pyn 11IbOMY OTpUMaHi TaKi OCHOBHI MTOKa3HUKU
NIMHAMiKW BaroHa: MPUCKOPEHHSs Ky30Ba B LIEHTpPi Mac, Mpu-
CKOPEHHS Ky30Ba B 30HaX CIIMPAHHSI Ha Bi3KU, CUJIU B PeCOp-
HOMY ITiABilllyBaHHI Bi3KiB, KOe(illieHTU TMHAMIKH Bi3KiB.

Pe3ynbraTn. Y xoni nmpoBeAEeHUX TEOPETUYHUX OOCHi-
JKEHb BCTAaHOBJIEHO, IO OCHOBHi MOKa3HUKM JAMHAMiKU
KPUTUX BaroHiB 3 HOMiHAJIbHUMU PO3MipaMU 3MEHIIYIOTbCS
Ha 38—51 % y mopiBHSIHHI 3 BUKOPUCTAHHSIM ITiZ, HAMU TH-

noBux Bi3kiB 18—100, a KpUTUX BaroHiB 3 (haKTUYHUMU PO3-
Mipamu — Ha 43—50 %.

HaykoBa HoBu3Ha. [IpoBeneHO OOIpYHTYBaHHS NOLiTb-
HOCTi BUKOPUCTAHHS Bi3KiB TUITy Y25 il TUMIOBMMM KOH-
CTPYKIIiSIMM KPUTUX BAaroHiB BiTYM3HSIHOTO MapKy 3 HOMi-
HaJbHUMU ¥ (AKTUYHUMU PO3MipaMU HECyuuX eleMEeHTIB
LIJISIXOM MaTeMaTUYHOTO MOJEJIOBAaHHS iX AMHaMiuyHOI Ha-
BAHTaXEHOCTI y BEpTUKAJIbHIN MJIOLIMHI.

IIpakTiyHa 3HAYMMICTB. 32 paXyHOK 3MEHIIEHHSI TWHa-
MiYHMX HaBaHTaXEHb, 1110 Ail0Th Ha HECYYi KOHCTPYKIIil BaH-
TaXHMX BaroHiB Ha Bi3Kax Y25, cTae MOXJIMBUM MOKPAILIUTHA
JNMHAMIYHI TOKAa3HUKU 1X KOHCTPYKIIi 32 eKCITyaTaliiHuX
PEeXUMiB, MiABUILMTU BTOMHY MillHiCTb, pecypc eKcIulyara-
11i1 Ta, BiAMOBIIHO, 3MEHILIMTU BUTPATU HA iX PEMOHT i eKC-
IUIyaTauilo B LJIOMY, IMOKPAIIUTU 30epeKeHICTh BAaHTaXIB i
HaAiMHOCTI iX mepeBe3eHb 32 paxyHOK 3MEHIIIEHHSI HaBaHTa-
>KE€Hb, 110 1iI0Th HA HECYYi KOHCTPYKIIii BATOHIB, a, BilMOBIi/I-
HO, 1 3aco0u 3akpillJIEeHHS BaHTaXiB y HUX, MMiIABUILIUTU
LIBUIKICTh JOCTABKU BAHTAXKiB 32 paXyHOK MOKPAaIEHHS MO~
Ka3HMKIB IMHAMiK/d BaroHiB, MOKPALIATU OE3MEKYy pyxy
TOLIO.

KiouoBi ciioBa: mpancnopmua mexamika, Kpumuili 6aeoH,
OuHAMIMHA HABAHMAICEHICMb, 8I30K, MOOEAIOBAHHSA HABAHMA-
Jcenocmi
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