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INVESTIGATION OF DYNAMIC CHARACTERISTICS OF GONDOLA
CARS ON PERSPECTIVE BOGIES

Purpose. In this paper, it is necessary to examine the dynamic properties of the gondola car with bogies, model
18-1711 when it moves on straight and curved sections of a track. Methodology. The calculations were performed
using the object-oriented programming on the program "Dynamics of Rail Vehicles" ("DYNRAIL" Myamlin S.V. reg-
istered 20.03.2003). Mathematical models of a gondola car and bogies 18-100 and 18-711 were created for the calcula-
tions. Findings. Dynamic performances comparison of the gondola car with bogies 18-1711 and the gondola car with
bogies 18-100, obtained by calculation method was carried out. Originality. Firstly calculations in order to determine
the dynamic properties of the gondola car with bogies 18-1711 when it moves on straight and curved sections of track
were performed. At the same time an assessment of the dynamic characteristics of the gondola car was made. The fol-
lowing dynamic standards were determined: the coefficient of vertical dynamics (Cg,), the coefficient of horizontal
dynamics (Cg), and the safety factor against derailment (SFg). Track irregularities in vertical and horizontal transverse
planes were assigned as perturbations. They should be so that the dynamic indexes of the widely used in operation
gondola car on bogies model 18-100 keep in admissible range of speeds up to 80km / h for the empty gondola car and
at speeds up to 90km / h for the loaded gondola cars. Practical value. As a result of the calculations and comparisons
of their results, we have findings that the use of bogies with bilinear characteristic of the central suspension will im-
prove the dynamic performances of gondola cars, currently operating on bogies, model 18-100. And by improving the
dynamic performances it is possible to increase the permissible speeds of these cars motion.

Keywords: dynamic qualities of gondola car; bogie of the model 18-1711; dynamic performances of gondola car

Introduction and wheel sets implementing through the herring-
bone absorber that works in all three planes. There-
fore, the bogie 18-1711 can be considered as hav-
ing two stages of suspension.

The design of cars improvement and increase
of train speeds requires solution of a question con-
cerning safety in operating, reliability of rolling
stock and a track. In seeking to resolve such matter
the important factor is operations on modernization
of existing ones and creation of new structures of a
truck. Dynamic and strength qualities of cars in
general depend on their workability.

These requirements were the basis for the de-
velopment of a new freight bogie, model 18-1711
with increased axle load [3, 7].

The bogie 18-1711 is a three-element structure
consisting of two side frames and a bolster. In the
bogie the central bilinear suspension and friction
wedge-type shock absorbers of spatial actions were
implemented.

Purpose

The aim of this work is the dynamic properties
research of the gondola car with bogies, model
18-1711 when it moves on straight and curved sec-
tions of a track and their comparison with the dy-
namic qualities of the gondola car with bogies,
model 18-100. Results comparison of such calcula-
tions will determine the direction of scientific re-
search in order to improve the dynamic qualities of
gondola cars.

Methodology

One of the bogie 18-1711 features is the pres-
ence of elastic coupling between the side frames
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A mathematical model of bogies, model 18-1711
was built in this study. The dynamic characteris-
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tics of the gondola car in empty and loaded state,
when it is installed on these trucks were deter-
mined too [1, 2].

Dynamic properties determination of gondola
cars with bogies 18-1711 was performed during its
movement on straight and curved sections of a
track. At the same time the dynamic characteristics
evaluation of the gondola cars was carried out ac-

cording to the following regulatory dynamic pa-
rameters: coefficient of vertical dynamics (Cy,), the
coefficient of horizontal dynamics (Cg,), the safety
factor against derailment (SF,) [4, 5].

For the calculations a typical gondola car with
the following inertia characteristics was chosen
(table 1).

Table 1

Inertial parameters of gondola cars objects (in the numerator — loaded, in the dominator — empty)

Object Weight [(] Monments of inertia [t - m?] Coordinates of the center of mass [m]
Iz Jy Ix X Y z
1 2 3 4 5 6 7 8
Basis 0 0 0 0 0 0 0
Bogie |
Left rail 1 0,5 0 0 0 0 -0,79 0
Right rail 1 0,5 0 0 0 0 0,79 0
Wheelset 1 1,37 1 0,1 1 0 0 0,475
Left rail 2 0,5 0 0 0 1,85 -0,79 0
Right rail 2 0,5 0 0 0 1,85 0,79 0
Wheelset 2 1,37 1 0,1 1 1,85 0 0,475
e lettside 0,68 022 022 0 0,925 1,02 05
ane Right side 0,68 0,22 0,22 0 0,925 1,02 0,5
Bogie-bolster 1 0,45 0,3 0,05 0,3 0,925 0 0,6
Bogie 2
Left rail 3 0,5 0 0 0 8,66 -0,79 0
Right rail 3 0,5 0 0 0 8,66 0,79 0
Wheelset 3 1,37 1 0,1 1 8,66 0 0,475
Left rail 4 0,5 0 0 0 10,51 -0,79 0
Right rail4 0,5 0 0 0 10,51 0,79 0
Wheelset 4 1,37 1 0,1 1 10,51 0 0,475
e leftside 0,68 022 022 0 9,585 1,02 05
gr};fnrei%ht side 0,68 0,22 0,22 0 9,585 1,02 0,5
Bogiebolster 2 0,45 0,3 0,05 0,3 9,585 0 0,6
Body
Body 76,5/12,3 | 1100215 | 1050/214 | 75/24,6 5,255 0 1,92/1,67

Doi 10.15802/stp2014/30789

© S. V. Myamlin, V. M. Bubnov, YE. O. Pysmennyi, 2014

127



ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancropty. BicHuk J[HIponeTpoBcbKoro
HAI[IOHAJIBHOTO YHIBEPCHUTETY 3alIi3HUYHOrO TpaHcmopty, 2014, Ne 5 (53)

PYXOMMI CKJIAL I TSATA TTOI3/IB

a 1,0

0,8

0:6 /

0,4 e

"/

Cdv

0,2

0,0

'

40 50 60 70 80

km/h

0,4

0,3

0!2 /

th

0,1

0,0
40 50 60 70 80

4,0 i\

3.0 \
2,0 — \

km/h

SFd

1,0

’

0,0

’

40 50 60 70 &0

Vkmlh

Fig. 1. Dependence graphs of the dynamic parameters of the empty gondola car on the speed movement (Direct):
a — coefficients of the vertical dynamics; b — coefficients of the horizontal dynamics; ¢ — the safety factor
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Fig. 2. Dependence graphs of the dynamic parameters of the empty gondola car on the speed movement (Curve 600 m):
a — coefficients of vertical dynamics; b — coefficients of the horizontal dynamics; ¢ — the safety factor
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Fig. 3. Dependence graphs of the dynamic parameters of the empty gondola car on the speed movement (Curve 300 m):
a — coefficients of vertical dynamics; b — coefficients of the horizontal dynamics; ¢ — the safety factor
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Fig. 4. Dependence graphs of the dynamic parameters of the loaded gondola car on the speed movement (Direct):
a — coefficients of vertical dynamics; b — coefficients of the horizontal dynamics; ¢ — the safety factorfactor
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Fig. 5. Dynamic indexes of the loaded gondola car (Curve 600 m)
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Fig. 6. Dependence graphs of the dynamic parameters of the loaded gondola car on the speed movement (Curve 600 m):
a — coefficients of vertical dynamics; b — coefficients of the horizontal dynamics; ¢ — the safety factor
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Maximum permissible values of determined
dynamic parameters for gondola cars with bogies
having over axle box suspension are presented in
the Table 2.

Table 2

The maximum permissible values of the main
dynamic parameters for gondola cars with
the bogie, model 18-1711

Index value
Index
Empty | Loaded
Coefficient of vertical dynamics
(Cav) 0,95 0,8
Frame strength (fs) 0,4 0,38
Safety factor (SF) 1,4 1,4

The calculations were performed using the ob-
ject-oriented programming on the program "Dy-
namics of Rail Vehicles" ("DYNRAIL" Myamlin
S. V. registered 20.03.2003). Mathematical models
of a gondola car and bogies 18-100 and 18-711
were created for the calculations [6, 8, 9].

In order to compare the obtained results calcula-
tions were performed for gondola cars on bogies of
the typical model 18-100 and new bogie 18-1711.

Track irregularities in vertical and horizontal
transverse planes were assigned as perturbations.
They should be so that the dynamic indexes, of the
widely used in operation gondola cars on bogies,
model 18-100 keep in admissible range of speeds
up to 80 km/h for the empty gondola car and at
speeds up to 90 km/h for the loaded gondola cars.

Next, movement simulation of empty and
loaded cars on straight and curved section of a
track with middle (600 m) and small (300 m) radii
with the above mentioned irregularities of tracks
was carried out. The results of these calculations
will be used as reference values for comparison of
them with the results for the gondola car on the
bogies, model 18-1711 [10-14].

Findings

In all the figures the results for cars on bogies
18-100 are shown by the line with a triangular
marker and for cars on bogies 18-1711 — by the
line with thomboid markers.

Analysis of the results obtained during the re-
search let us make the following conclusions:

1. The use of the spring grouping bogie with a
bilinear characteristic in the central stage of sus-
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pension has improved dynamic performances of
described gondola cars.

2. To a large extent dynamic performances of
empty gondola cars have improved in comparison
with loaded. This explains the fact that the static
deflection of spring grouping in the empty gondola
car is on a section characteristic with less rigidity.
Dynamic performances of loaded gondola cars on
bogies, model 18-1711, were improved too, though
to a lesser extent.

Improving the dynamic performances is more
evident in the modeling of freight gondola cars
motion on a straight section of the track than at
motion on curve of medium and small radii. This is
due to the fact that the dynamic performances of
gondola cars during motion on curves are largely
determined by the centrifugal forces that operate
on cars.

Originality and practical value

Firstly calculations to determine the dynamic
performances of gondola cars with bogies, model
18-1711 during its motion on straight and curved
sections of the track were carried out. At the same
time the assessment of dynamic characteristics of a
gondola car was made and the following regulatory
dynamic performances were identified: the coeffi-
cient of the vertical dynamics (Cy,), the coefficient
of horizontal dynamics (Can), and the stability fac-
tor against derailment (SFy). The use of bogies
with bilinear characteristic of the central suspen-
sion will improve the dynamic performances of
gondola cars, currently operating on bogies, model
18-100. And by improving the dynamic perform-
ances it may increase the permissible speed of
these cars.

Conclusions

Analysis of the calculations results and com-
parison of dynamic parameters of the gondola car
with bogies 18-1711 and the gondola car with bo-
gies 18-100 shows that the bilinear characteristic
of the central suspension of freight car bogie has a
positive effect on its dynamic performances both
during motion on a straight sector and in the
curved sections of the track. Besides the dynamic
performances improvements are more pronounced
in the gondola car in empty state. Thus, the use of
bogies 18-1711 with bilinear characteristic of the
central suspension for gondola cars will enable to

© S. V. Myamlin, V. M. Bubnov, YE. O. Pysmennyi, 2014
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increase the maximum permissible motion speeds
in unloaded state, which is very actual for modern
railway transportations. 8.
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ectp. 20.03.2003 p.). [Ans po3paxyHKiB OyJId CTBOPEHI MaTeMaTH4YHi MOJeli miBBaroHa Ta BiskiB 18-100 1 18-1711.
Pe3yabTaTn. BukoHaHO NMOPIBHSHHS IWHAMIYHHUX ITOKA3HUKIB IiBBaroHy 3 Bizkamu 18-1711 Ta miBBaroHy 3 Bi3Ka-
Mmu 18-100, orpumanux po3paxyHKoBHM IuIsixoMm. HaykoBa HoBH3HA. Briepine BUKOHaHO pO3paxyHKH IO BH3HA-
YEeHHIO TWHAMIYHUX SIKOCTEH MiBBaroHy 3 Bizkamu 18-1711 mpwm #oro pyci mo nmpsAMOIiHIHUX 1 KpUBOJMIHIHHUX [i-
nsgHKax Koiil. Ilpn npoMy Oyrma BHKOHaHa OLIHKA JUHAMIYHUX XapakTEPUCTUK ITIBBATOHA 1 BU3HAYEHO TaKi HOpMa-
TUBHI JUHAMIYHI MMOKa3HUKHU: KoediumieHT BepTukanbHOl nuHamiku (K), koedilieHT ropu30oHTaNbHOT AWHAMIKA
(K), xoediuienT crifikocTi Bif cxomy kouic 3 peitok (K). B sxocti 36ypeHs Oynu 3a1aHi reoOMeTpUYHI HEPIBHOCTI
KOJIiT y BEpPTHKaJIbHIN 1 TOPU30HTAJIBHIN TTONIepEeYHil IUIONIMHAX, TaKi, 1100 TUHAMIYHI TOKa3HUKH [IMPOKO BUKOPH-
CTOBY-BaHOT'O B €KCIUTyaTallil miBBaroHy Ha Bizkax mojeini 18-100 Bkiamaaucs B AOMYCTHMUH iara30H MU IIBHUI-
KOCTSIX pyxy 70 80 KM/ToJ1 st MOPOKHBOTO MIBBAaroHy 1 MpHU MBUAKOCTSIX 10 90 KM/TOJ JUTS HaBaHTaXXEHOTO IiBBa-
rony. [IpakTuyHa 3Ha4YMMicTB. Y pe3ysbTaTi IPOBEAECHUX PO3PaxyHKIiB 1 MOPIBHAHHA iX pe3yJibTaTiB Oyio BcTa-
HOBJICHO, III0 3aCTOCYBaHHS Bi3KiB i3 OUTIHIMHOIO XapaKTEPUCTUKOIO LIEHTPAIBHOTO MiJBIIIYBaHHS JIO3BOJIUTH I1O-
JNIIUTH AWHAMIYHI TIOKa3HUKH ITiBBArOHIB, €KCIDTyaTOBAaHUX Y NaHMi Jac Ha Bi3kax mogeni 18-100. I 3a paxyHOK
TIOJITIIIICHHSI TUHAMIYHHAX TTOKa3HUKIB MOITUBE 30UTBIICHHS JOITyCTUMHUX IIBUIKOCTEH PYXY IMX BaroHiB.

Knrouoesi crosa: muHaMidHi SKOCTI IiBBaroHa; Bizok mojeni 18-1711; nuHaMivyHi IOKAa3HUKH TIBBAarOHA
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NCCIEAOBAHUE IMHAMNYECKHUX XAPAKTEPUCTHUK
ITOJIYBAI'OHOB HA IIEPCIIEKTUBHbBIX TEJIEZKKAX

Heas. B paboTe He06x0ANMO UCCIIEIOBATh JHMHAMHUYECKHE KauecTBa MTOJTyBaroHa ¢ Tesiexkkamu moaenu 18-1711
IIPU €r0 JBW)KEHWHU O MPSIMOJIMHEHHBIM U KPUBOJIMHEHHBIM yuacTKaM IIyTH. MeToanka. PacueTsl Ipou3BOIUINCH
C TMOMOIIBI0 OOBEKTHO-OPUEHTUPOBAHHOIO IpOrpaMMmupoBaHusi Ha nporpamme «Dynamics of Rail Vehiles»
(«<DYNRAIL» Msmaun C. B. 3aperectp. 20.03.2003 r.). [{ns pacueToB ObUIH CO3/1aHBl MaTeMaTHYECKUE MOJIEIN
nostyBarona u tenexek 18-100 u 18-1711. Pe3yabraThl. BoilionHeHo cpaBHEHHE TWHAMHYECKHUX TOKa3aTellel mo-
nmyBaroHa ¢ Tenexkkamu 18-1711 u nmomyBaroHa ¢ tenexkamu 18-100, momyueHHBIX pacdeTHeIM ITyTeM. Hayunas
HOBHM3HA. BriepBbie BBINOJIHEHBI PAcyeThl 10 OINPEAEICHHI0 JTUHAMHYECKUX KauecTB IOJyBaroHa C TEJIEXKaMH
18-1711 npu ero ABMXEHHUH IO TPSIMOJIMHEHHBIM M KPUBOJIMHEHHBIM ydacTKaM IyTH. [Ipu 3ToM ObuIa BBEINOJIHEHA
OLIEHKA JMHAMUYECKUX XapaKTEPHCTHK IOJIyBaroHa W ONPEEeNICHbI CIEAYIOINEe HOPMAaTHBHBIC JUHAMHYIECKUE I10-
Kazarenu: Kod(pGUIueHT BepTukanbHoi nuHamukd (K,;), koapduunent ropuszonranprHoit nuHamuku (K), xoag-
(bHUUMEHT YCTOHUMBOCTH OT cxoja Koiec ¢ penbcos (Ky). B kauecTBe Bo3MyLIeHHH OBLIH 3a1aHbl TEOMETPHYECKHE
HEPOBHOCTH ITyTH B BEPTUKAIBHONW W TOPU30HTAIBHOM MONEPEUHOH TUIOCKOCTSIX, TaKHe, YTOOBI TUHAMHUYECKHE I10-
Ka3aTeNy IUPOKO HCIIOIB3yEeMOTO B SKCILUTyaTalldy OJyBaroHa Ha Tenexkax monenu 18-100 ykiagsBaaucek B 10-
MCTUMBIH IHANa3oH HPU CKOPOCTIX ABWKEHHA A0 80 KM/4 ISl MOPOXKHEro IOJyBaroHa M IPHU CKOPOCTAX 0
90 km/4 1iist Tpy>xeHoro nosyBarona. IlpakTuyeckasi 3HaYMMOCTh. B pesylibTare npoBeieHHBIX PacueToOB U CPaB-
HEHUS UX Pe3yJIbTaToOB OBbLJIO YCTAHOBIICHO, YTO MPUMEHEHHE TENIEKEK C OMIMHEWHON XapaKTepUCTUKOW LIEHTPasb-
HOTO NOJBEIINBAHUS MO3BOJIMT YIyYIIUTh AUHAMHUYECKHE MOKAa3aTeIH MOJyBarOHOB, 3KCIIyaTHPYEMbIX B HACTOS-
niee BpeMs Ha Tenexkax mogenu 18-100. M 3a cuet ynmydiieHuss JUHAMHUYECKUX MOKa3aTeneld BO3MOXKHO yBeInue-
HUE JOITyCTUMBIX CKOPOCTEHN JBUKEHUS ITUX BarOHOB.

Kniouesvie cnosa: nuHaMudeckue KauecTBa MOJTyBaroHa; Teyexka mogenu 18-1711; nuHamudeckue nokasarenu
MOJTyBaroHa
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