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EXPERIMENTAL RESEARCH OF DYNAMIC QUALITIES OF FREIGHT
CARS WITH BOGIES OF DIFFERENT DESIGNS

Purpose. With the advent of new designs of freright cars the task of designing the more modern bogies, assess-
ment of their dynamic properties depending on the type and structure of pecularities, accounting the axle loadings,
providing the dynamic and running characteristics, meeting the conditions of impact on the track, stability, and
frame forces intensity etc. becomes especially important. In order to launch the new production into manufacture
and to assess the dynamic properties using different designs of bogies the running testes were conducted. They al-
lowed one to compare the dynamic performance of the new bogie with the existing models. Methodology. The
study was conducted using the method of numerical integration and mathematical modeling of dynamic loading of
freight cars using the software package «Dynamics of Rail Vehicles» («<kDYNRAIL»). Findings. The results of stud-
ies of dynamic characteristics of open cars with new and worn wheels of bogie models 18-9771, 18-9770 and
18-578 in graphical and tabular form are presented. All figures are within the normative values and do not exceed the
maximum admissible ones. Originality. When designing the bogie for loading 23.5 t/axle almost all available tech-
nical solutions to improve the characteristics of the freight car bogies (elastic bearers, cassette bearing in axle boxes,
axle boxe adapter of original design, bilinear central spring suspension, etc.) were used. Practical value. As a result
of the engineering works on projecting and manufacturing of the improved designs of freight car bogies a new de-
sign was received. It is highly competitive with the dynamic qualities of the best ones. Made choice of rational val-
ues of elastic-dissipative parameters of the bogie allows one to create standard series of running gears for freight
cars for promising operating conditions. The results are of practical importance. They have found reflection in the
number of author’s publications in special and semi-popular editions.
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and standardized to the maximum level according
to the components. It should be not only simple in
design, but also in manufacturing (to ensure mini-
mum production costs and technical maintenance
of such bogies). Their operation should be cost-
effective.

Introduction

The main criteria for assessment of dynamic
qualities of rail vehicles that determine the
operation mode of rolling stock, as we know, are
its dynamic indicators. They should take into ac-
count current trends of modern freight car building
[13, 15, 17] and correspond to the regulatory doc-

uments [12, 8]. With the advent of new designs of
freright cars the task of designing the more modern
bogies, assessment of their dynamic properties de-
pending on the type and structure of pecularities,
accounting the axle loadings, providing the dy-
namic and running characteristics, meeting the
conditions of impact on the track, stability, and
frame forces intensity etc. becomes especially im-
portant [5, 6]. At the same time the bogie should be
universal, interchangeable with the bogies existing
in operation according to installation dimensions
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Purpose

In order to launch the new product into manu-
facture and to assess the dynamic properties using
different designs of bogies the running testes were
conducted. They allowed one to compare the dy-
namic performance (coefficient of vertical dynam-
ics of the body frame, coefficient of vertical dy-
namics of unsprung bogie, the ratio of side frame
force to the static axial loading, derailment stability
coefficient) of the new bogie with the existing
models.
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Methodology

In order to verificate the design decisions pre-
viously the theoretical studies for determination the
dynamic loading of cars with bogies 18-100 (as
a standard), Y25, 18-9771 were carried out [7, 9].
The mathematical model and DYNRAIL software
developed in Dnipropetrovsk National University
of Railway Transport named after Academician
V. Lazaryan were used during the theoretical stud-
ies [18, 19]. Simulation was carried out throughout
the range of operating speeds of freight cars on
tangent and curved track sections by varying the
parameters of elastic elements of the bogie spring
suspension, elasticity in bearers and axle box. Rail
irregularities were set as the numerical implemen-
tations, which had the statistical characteristics
similar to real track irregularities. Also, it was pos-
sible to set the track irregularities in accordance
with current regulatory documentation.

Analysis of the results of theoretical studies
made it possible to conclude that for all bogie
models the dynamic values of quality indicators for
open cars differed within the requirements of regu-
latory documents [2, 8] and did not exceed the
maximum permissible values. These indicators are
the coefficient of horizontal dynamics of unsprung
part of the car Cdh and the coefficient of vertical
dynamics of the unspung part of the car Cdv, the
stability coefficient of the wheel climbing on the
rail Cs. The values of Cdv and Cdh on the straight
track section at the design speed of 120 km/h indi-
cated that the bogie model 18-9771 as compared to
the models 18-100 and Y25 according to dynamic
performance turned out to be better, although it is
designed for axle loading 23.5 tnf.

According to results of performed experimental
studies the influence of different bogie designs on
the basic dynamic indicators of traffic safety of
freight cars in the empty and loaded modes. In this
case of four-axle open cars coefficient dynamics
these indicators are: the vertical dynamics coeffi-
cient of the body frame (Cd), the coefficient of
vertical dynamics of unsprung bogie frame (Cdu),
the ratio of the side frame force to the static axial
loading (Hp/Po), the derailment stability coeffi-
cient (Cs).

Basic material.
In order to launch the new production into
manufacture and to assess the dynamic qualities

using the different bogie designs on the speed test
ground of OJSC «VNIIZhT» (Belorechenskaya
Station, North Caucasian railway, Russian Federa-
tion) the running tests were carried out. They al-
lowed comparing the dynamic performance of the
new bogie model 18-9771 (Fig. 1, a) with bogie
models 18-9770 (Fig. 1, b) and 18-578 (Fig. 1, ¢).

Both, the cars with new bogies and the cars
with the maximum worn ones but allowed to op-
eration were tested. The tests were carried out in
the volumes necessary to launch new production
into manufacture.

Description of the test objects.

Bogie model 18-9771 is a development of
CJSC «Promtractor-Vagon» (Republic of Chu-
vashia, Canas, Russian Federation) with increased
run life 500 thous. km [9, 10, 15, 11]. The bogie
has three-element non-rigid frame, protection of
friction pairs in pedestal jaw opening and spring
opening. Static deflection of the springs of spring
group increased to 68 mm reduces the dynamic
impact of car on the track (Table 1).

Application of removable wear resistant ele-
ments in friction joints should enhance the stability
of rolling stock motion and reduce the costs for
maintenance and repair of the running gears.
A new developed design for two-axle bogie of
freight cars has some differences from other pro-
ducers and lies in the following:

—side frames and bolsters of strengthened de-
sign are made in the form of cast steel using the
vacuum-film technology;

—the springs of central spring suspension are
made using the height determined by the value of
calculated static deflection of central spring sus-
pension under the weight of car and maximum
permissible load of the car;

— constant contact bearers of elastic type are set
clearance-free;

— wear resistant elements of friction wedges are
made of polyurethane, in the friction joint are the
wedge-plate, center pad, jaw opening.

The bogie model 18-9770 is designed for the
cars of mainline railways with 1520 mm of rail
gage, as well as for the cars of industrial transport
[4, 15, 13, 16, 14]. The bogie is an analogue of the
serial bogie model 18-100 (Table 1), but with more
advanced technology of cast parts manufacturing —
side frames, bolsters.
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a

Fig. 1. General view:
a —bogies of the model 18-9771; b — bogies of the model 18-9770; ¢ — bogies of the model 18-578
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The bogie 18-578 (Fig. 1, ¢) with the loading
23.5 tnf from the axis on the rails [14] is developed
by FSUE «Uralvagonzavod». It has a three-element
frame of cast structural parts, in the jaw openings of
which there are removable wear resistant plates of
polyurethane elastomer with mechanical fastening.

The central spring suspension of the bogie is
made traditionally. It consists of the set of springs
and friction wedge oscillation dampers [4, 13, 15].
The spring set has a linear vertical power charac-
teristics providing the deflection under the weight
of loaded car increased to 68 mm, minimum de-
flection under the weight of the empty car is
13 mm (Table 1). Elastic friction wedges replace
the friction wedges of the bogie 18-100 and com-
pletely exclude adhesion of the wedges and bolster
wear. The friction plate is the composite one: its
main body is 10 mm thickness and its contact body
is 6.5 mm thickness. New design of the elements in
the oscillation damping system in spring suspen-
sion of the bogie 18-578 prolongs their service life.
At this the wear protection of the inclined surfaces
of bolster is ensured, and the main wear occurs on
the surface of a replaceable contact plate. Elastic
coupling of the wedges with the bolster eliminates
the «metal to metal» contact. The elastic-roller
bearers of the constant contact with the specified
i.e. set rigidity are applied in the bogie.

Findings

The graphs below show the research results of
the dynamic characteristics of cars with bogies of
the designs under study:

— vertical dynamics coefficient of unsprung bogie
frame Cdu and the ratio of the side frame force to the
static axial loading (Hp/Po) in the straight track sec-
tions (Fig. 2, a—b) and the ratio of the side frame
force to the static axial loading (Hp/Po) in the curve
with radius 500 m (Fig. 2, ¢) in the empty mode;

—vertical dynamics coefficient of the body
frame (Cd), vertical dynamics coefficient of un-
sprung bogie frame (Cdu), the ratio of the side
frame force to the static axial loading (Hp/Po) in
the straight (Fig. 3, a—c) and curved track sections
with radius 500 m (Fig. 4, a—c) in the loaded mode.

The research results of the dynamic characteris-
tics of open cars with new and worn wheels of the
bogie models 18-9771, 18-9770 and 18-578 show
that all the indicators are within the normative val-
ues and do not exceed the maximum permissible
ones [12, 8].
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Fig. 2. Dependecy graphs of dynamic performance
on the vaues of motion speed in empty mode:

a —vertical dynamics coefficient of unsprung bogie frame
Cdu (straight); b — ratio of the side frame force to the static
axial loading Hp/Po (straight) ¢ — ratio of the side frame
force to the atatic axial loading Hp/Po (curve R = 500 m)
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Fig. 3. Dependecy graphs of dynamic performance
on the values of motion speed in the loaded mode
on the straight track sections:

a — vertical dynamics coefficient of the body frame (Cd);
b — vertical dynamics coefficient of unsprung bogie frame
(Cdu); ¢ —ratio of the side frame force to the atatic axial
loading (Hp/Po)
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Fig. 4. Graphs of dynamic values dependence
on the traffic speed in loaded mode in curved track
sections (R = 500 m):

a — vertical dynamics coefficient of the body frame (Cd);
b — vertical dynamics coefficient of unsprung bogie frame
(Cdu); ¢ —ratio of the side frame force to the atatic axial
loading (Hp/Po)
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Table 1
Technical characteristics of the freight bogies
Indicator Models of freight bogies

18-9771 18-9770 18-578
Bogie weight, kg 4900 4900 4750
Base, m 1.85 1.85 1.85
Permisible speed, km/h 120 120 120
Flexibility of swing suspension, m/MN 0.130 0.125 0.130
Spring set deflection under the static loading, m 0.068 0.049 0.068
Distance from the rail head level to the bearing surface
of the centrer plate, m 0.811 0.801 0.811
Type of swing suspesion one stage central

Table 2
Value of the stability coefficient
Valuo 18-9771 18-578 18-9770 Permissible values
Empty | Loaded | Empty | Loaded | Empty | Loaded | Empty Loaded

K. — is the derailment stability
coefficient p = 0.01 1.87 2.98 1.74 2.48 >3 >3 Minimum 1.6
K — transverse stability coef-
ficient in curves:
—V =100 km/h, R =500 m 2.19 2.79 1.89 >3 2.1 2.69 Minimum 1.8
—V=10km/h, R =350 m >3 >3 >3 >3 >3 >3 Minimum 1.8

Table 3

Value of the stability coefficient with V =120 km/h

Bogie Type
Model 18-9771 Model 18-9770 Model 18-578
P=0.0001 2.3 2.15 2.25
P=0.001 2.53 2.3 2.54
P=0.01 2.98 2.48 more than 3

For example, the analysis of the values of the of
vertical dynamics coefficient of unsprung bogie
frame (Cdu) (Fig. 4, a), the ratio of the side frame
force to the atatic axial loading (Hp/Po) on the
straight track section at design speed of 120 km/h
(Fig. 4, b) and in the curve R = 500 m (Fig. 4, ¢)
shows that the dynamic performance of the open
cars with the new bogie is better than on the bogie
models 18-578 and 18-9770. This fact confirms
that the constant contact bearers improve the run-
ning qualities of the freight cars, reducing the load-

ings transmitted from the rolling stock on the rail-
way track.

For clarity the values of the stability coefficient
(Cs) according to the results of dynamic tests are
shown in Table 2 and 3.

Thus, the obtained results clearly demonstrate
not only the opportunity to improve the structural
scheme of the freight car bogies, but also the cor-
rectness of engineering solutions to improve the
designs of freight car bogies.
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Originality and practical value

Severization of requirements to the technical
specifications of the freight cars primarily concerns
the running gears [1, 2, 5, 6]. Therefore, the efforts
of designers and scientists are focused on improv-
ing the parameters of freight car bogies [3, 17, 18].
At this the advanced engineering solutions and in-
novative design developments are used [20, 21].

The development of freight car bogie on CJSC
«Promtractor Vagon» can be an example for crea-
tion of innovative technology for railway transport.

When designing the bogie for loading 23.5 t/axle
almost all available technical solutions to improve
the characteristics of the freight car bogies: elastic
bearers, cassette bearing in axle boxes, axle boxe
adapter of original design, bilinear central spring
suspension, etc. were used.
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IKCIIEPUMEHTAJIBHBIE NCCJIEAOBAHUA TMHAMMNYECKUX
KAYECTB I'PY30BbIX BAI'OHOB C TEJIEZKKAMMUA PA3HbBIX
KOHCTPYKIIMU

Hean. C nosiBiicHHEM HOBBIX KOHCTPYKLHUI IPy30BBIX BATOHOB OCOOYIO0 BKHOCTh MPHOOPETAET 3aa4a, CBSI3aH-
Hasl C CO3[aHHEeM 0O0Jiee COBPEMEHHBIX TEJEHKEK, OLICHKOH MX JUHAMHYECKHX KAyeCTB B 3aBHCHMOCTH OT THIIA
1 0cOOEHHOCTEW KOHCTPYKIMHU, C YYETOM OCEBBIX HAarpy30K, 00ecIieueH sl JUHAMHYECKUX M XOJOBBIX KauecTB, CO-
OTBETCTBYIOUIMX YCIOBHUSIM O BO3JCHCTBHIO HA MyTh, YyCTOWYUBOCTH, BEIMYUHE paMHbIX cui U p. C 1eJbto mocTa-
HOBKH HOBOH MPOAYKIIMN Ha MPOU3BOACTBO U JJId OLCHKHN AUHAMHWYCCKUX Ka4CCTB C UCIIOJIB30BAHUEM DPA3JIMIHBIX
KOHCTPYKIUH TeNexek B paboTe HeOOXOAUMO MPOBECTH XOOBBIC HCIBITAHUS, KOTOPHIC MO3BOJSIT CPABHUTD JMHA-
MHUECKHE 0Ka3aTeI HOBOM TEJEXKKH C CYIIECTBYIOUIMMHU MozaensMu. Meromuka. lccienoBanue mpoBoaniIoch
METOJIOM YHUCICHHOI'O WHTEIPUPOBAHMS M MATEMATHYSCKOTO MOJICIMPOBAHUS IMHAMUYECKON HArPY)KEHHOCTH Y-
30BOTO BaroHa C HCIIOJIB30BaHMEM IporpamMmHoro kommiekca «Dynamics of Rail Vehiclesy («DYNRAILY).
PesyabTaThl. [IpuBeneHbl pe3ynbTaThl UCCICIOBAHHN IHHAMHYCCKUX XapaKTCPUCTHK IIOJIyBATOHOB HAa HOBBIX
1 M3HOIIEHHBIX KojIecax Tejekek momaenei 18-9771, 18-9770 u 18-578 B rpaduueckoii u Tabauunoi Gopmax. Bee
MoKa3aTean HaxOoIATCS B MpeleliaX HOPMATHBHBIX 3HAYCHHH W HE IMPEBOCXOAAT MAaKCUMAIBHO JOIMYCTHMBIX.
Hayunasi HoBu3Ha. [Ipu co3panuu TENeKKHU Ui HArpy3ok 23,5 T/0Ch MCHOJIB30BAIKMCH MPAKTUYECKH BCE UMEIO-
IIMecs TEXHWYCCKHE PEIICHHS MO COBEPIICHCTBOBAHHMIO XAPAKTEPUCTHK TEJIEKEK TPY30BBIX BaroHOB: YIIPYTHE
CKOJIb3YHbI, KACCETHbIE MOJIIUITHUKK B OYKCOBBIX y3JlaX, OYKCOBBIH a/laliTep OPUIHHAIBHON KOHCTPYKIIWH, OHUJIH-
HEHHOE IICHTPaTbHOE PEecCOopHOe mojBeimnBaHue W T.a. [IpakTHdyeckasi 3HAYAMOCTb. B pe3ynbraTe BBIIOI-
HEHHBIX WH)XEHEPHBIX paboT MO MPOESKTHPOBAHUIO U U3TOTOBJICHUIO YCOBEPIICHCTBOBAHHBIX KOHCTPYKIHH TEIEKEK
TPY30BBIX BaroHOB MOJYYCHA HOBas KOHCTPYKIIHSI, KOTOpas HE YCTyIaeT IO CBOUM JHHAMUYECKHAM KadecTBaM
JOYyYIIMM aHaJoraM. BBbINOJHEHHBIH BBHIOOP pPALMOHAJIBHBIX 3HAYEHUH YNPYro-AMCCHIIATUBHBIX IapaMeTpoB
TEJEKKHU IO3BOJISET CO3IaTh THUIIOPAa3MEPHBIA PsJl XOIOBBIX YacTel TIPy30BBIX BAaroHOB [UIS MEPCIEKTUBHBIX
ycloBuil akcrutyaraiuu. [lodydeHHbIe pe3ysibTaThl MUMEIOT MPAKTUYECKOe 3HAY€HHE, YTO HAIUI0 OTOOpakeHHe
B psiJie IyOJMUKAIMK aBTOPOB B CIICIIUAIBHBIX U HAYYHO-IOITYJIIPHBIX U3TaHUSIX.

Kniouegvie ciosa: Tpy30Bble BaroHbl; CKOJb3YHBI TEJEKEK; CKOPOCTh NBIDKCHUS; NPSMbIE M KPUBBIC y4aCTKU
MyTH; THHAMHYCCKHIE MTOKA3aTeIH
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EKCIHHEPUMEHTAJIBHI JOCJLKEHHA TUHAMIYHUX HKQCTEﬁ
BAHTA’KHUX BAI'OHIB I3 BI3BKAMMU PIBHUX KOHCTPYKIIN

Merta. 3 nosBOIO HOBMX KOHCTPYKIIiil BAaHTa)KHUX BaroHiB OCOOJMBO BRXJIMBUM € 3aBIaHHs, I1OB’s3aHE 31 CTBO-
PEHHAM OibII Cy9acHHUX Bi3KiB, OI[IHKOIO iX AMHAMIYHUX SKOCTEH y 3aJIeKHOCTI BiJ THITy Ta OCOOJIMBOCTEH KOHC-
TPYKLii, 3 ypaxXyBaHHSIM OCbOBHX HaBaHTAXKECHb, 3a0€3IICUCHHs TUHAMIYHHX 1 XOJOBUX SIKOCTEH, 110 BiANOBIIAIOTH
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PYXOMMUI CKJIAJI 3AJII3HULIB I TSTA TIOI3/1IB

YMOBaM i3 BIUIMBY Ha KOJIiI0, CTIMKOCTI, BEIMUYMHI PAMHHUX CHJI Ta iH. 3 METOIO0 OCTAHOBKU HOBOT IPOJIYKIIii HA BH-
POOHHITBO ¥ IS OIIHKY AWHAMIYHUX SKOCTEH i3 BUKOPHCTAaHHIM Pi3HUX KOHCTPYKIIiH Bi3KiB y poOOTI HEOOXiTHO
MIPOBECTH XOJOBi BUITPOOYBaHHS, SIKi TO3BOJIATH MOPIBHATH AMHAMIYHI ITOKa3HUKH HOBOTO Bi3Ka 3 iCHYIOYMMH MO-
nensivi. Metoamnka. J{ocimiDkeHHST TPOBOAMIOCH METOIOM YHCEIIBHOTO 1HTETPyBaHHs Ta MaTEMaTHYHOTO MOJEINIO-
BaHHS AMHAMIYHOI 3aBaHTAKEHOCT] BAHTA)XKHOTO BaroHy 3 BUKOPUCTAHHIM HPOTpaMHOro KoMiuiekcy «Dynamics of
Rail Vehicles» (<kDYNRAIL»). PesyabTaT. HaBeneHo pe3ynbratu JOCIHIIKEHb TUHAMIYHUX XapaKTEPUCTUK ITiB-
BaroHiB Ha HOBHX 1 3HONICHHMX KoJjiecax Bi3kiB moneneit 18-9771, 18-9770 ta 18-578 y rpadiuniii i Tabnuuniit Gpop-
Max. Bci noka3HUKH 3HAXOAATHCS B MEKaxX HOPMAaTHBHUX 3HA4€Hb 1 HE NEPEBHUIIYIOTh MAKCUMAIBHO JOMYCTHMHUX.
HayxoBa HoBu3Ha. [Ipu cTBOpeHHI Bi3Ka A1 HaBaHTaXXeHb 23,5 T/BiCh BUKOPUCTOBYBAIHCS MIPAKTUYIHO BCi HAsIBHI
TEXHIYHI pillIeHHs 3 YIOCKOHAIECHHS XapaKTEePUCTHK Bi3KiB BAHTaKHUX BAarOHIB: NMPY>KHI KOB3YHH, KaCEeTHI ITiJIIIHII-
HHUKH B OYKCOBHUX BYy3/1axX, OYKCOBHUI a/ianiTep OpUIiHAIBHOT KOHCTPYKIIii, OUTiHIHHE IIEHTpaliIbHEe PECOpPHE IMiABIIIY-
BaHHs 1 T.1. [IpakTHYHA 3HAYMMICTD. 32 pe3ybTaTaMi BUKOHAHUX 1H)XEHEPHHUX POOIT i3 NPOSKTYyBaHHS il BUTOTO-
BJICHHS YIOCKOHAJIEHUX KOHCTPYKIIH Bi3KiB BaHTaXXHUX BaroHIB OTPHMaHO HOBY KOHCTPYKIIiIO, sIKa HE IOCTYIA€Th-
csl 3a CBOIMH AMHAMIYHMMH SIKOCTSIMH KpallUM aHajoraMm. BukoHaHMil BHOIp paliOHANbHHX 3HAYCHb MPYKHO-
JMUCHITATHBHHUX MMApaMETPIB Bi3KiB H03BOJIIE CTBOPUTH THIIOPO3MIPHHMA DS XOAOBHUX YACTHH BAHTA)XHUX BaroHIB
JUTSL TIEPCIICKTUBHUX YMOB ekcrutyarauii. OTpuMaHi pe3ysbTaTH MaroTh NPAKTHYHY 3HAYUMICTB, 10 3HAKILIO BinO-
OpakeHHS B psAl MyOmiKamii aBTOPIB y CIIEIiaTbHIX Ta HAYKOBO-IIOMYJISIPHUX BUIAHHSX.

Kniouosi cnosa: BaHTaxHI BaroHW; KOB3yHH BI3KiB; HIBUIKICTh PyXy; IPsIMi Ta KPHUBI TUISTHKH KOJIT; TUHAMIUHI
HOKa3HUKH
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