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ESTIMATION OF DYNAMIC QUALITIES OF FREIGHT WAGONS ON
BOGIES OF A PERSPECTIVE MODEL

Summary. The work provides an analysis of the impact of bogies of different
construction on the main dynamic indicators of movement safety of freight wagons, in
the present case, of gondola wagons: coefficient of vertical dynamics of a body frame
(Kq), coefficient of vertical dynamics of the unsprung bogie frame (Ku.), relation of the
frame force to the static axial load (N#Pa), coefficient of the stability reserve against
derailment (K5) [5, 8-11, 15, 17].

Scientific novelty includes the experimentally obtained dependences of the main
dynamic indicators of motion of gondola wagons with the use of Model 18-9771 bogies,
having different variants of bearers, this giving an opportunity for choice of bearer
parameters for receiving the highest effect as regards the reduction of dynamic loading
both of the wagon and the track.

Of practical value are technical decisions concerning fastening of the bearers to the
bolster beam, which are under protection of the patent for invention [18, 20], and
stiffness parameters of bogie bearers.

OHEHKA TMHAMUYECKNX KAYECTB I'PY30BbIX BAT'OHOB HA
TEJIEXKKAX ITEPCITEKTUBHOU MO/IEJIN

AuHoTanus. B nanHOW paGoTe BBHINMOJIHEH aHAIHM3 BIMSHUS PA3IMYHBIX KOHCTPYKIIMI
TENIe)KEK Ha OCHOBHBIC JHHAMHUYECKHE ITOKa3aTeN O0e30MacHOCTH JIBMKEHHUS T'PY30BBIX
BaroHOB, B JJAHHOM CJIydae TOJyBaroHOB: KOA()(UIMEHT BEPTHKAIbHON IWHAMUKA PAMBI
ky30Ba (Kj), ko3 uIHeHT BepTUKATBHON THHAMUKH HEOOPECCOPEHHON paMbl TEIEKKH
(Kau), oTHOLIIEHWE paMHOM CHJIBI K cTaTndeckoil oceBoil Harpy3ke (Ni/Pa), koadpuiment
3amaca yCTOWYHMBOCTH OT cXoj1a koseca ¢ pesbea (Ks) [5, 8-11, 15, 17].

K Hay4HOI1 HOBH3HE cJe/lyeT OTHECTH TOJyYEHHBIE IKCIEPUMEHTAILHO 3aBUCUMOCTH
OCHOBHBIX JTMHAMHUYECKUX TIOKa3aTeNell IBMKEHMS IIOJIyBarOHOB C MCIOJIb30BAHHEM
Tenexxek Mozaenu 18-9771, uMeromed pasHble BapHaHTHl CKOJB3YHOB, YTO JIA€T
BO3MOXHOCTH BBIOOpa MapaMeTpOB CKOJIb3YHOB JIJISI TOJTyYeHUs HAauOOJbIero dpdexra
M0 CHIDKEHHIO AMHAMHYECKOH HArpyKEHHOCTH KaK BaroHa, TaK U MyTH.

[IpakTH4eckyro HEeHHOCTh HMEIOT TEXHUYECKHUE PELICHHUS 10 KPETJICHNIO CKOJIb3YHOB K
HAJIPECCOPHOIl Oaike, KOTOpbIC 3alUINCHBI IMAaTEHTOM Ha u300perenue [16, 18], u
KECTKOCTHBIE TAPAMETPhI CKOJIb3YHOB TEJICHKEK.
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1. INTRODUCTION

In the recent years, elastic bearers of permanent contact have been widely used in railways with a
track gauge of 1520 mm. Herewith, it is necessary to note that both metal springs and elastic elements
with the use of polymeric materials have been used in their construction. Since the moment of
development of elastic bearers, quite a large number of theoretical and experimental investigations,
pertaining to the selection of bearer parameters and exploration of the impact of bearer type on
dynamic qualities of wagons, have been conducted [1-2, 7, 14, 21, 22]. The constructive peculiarities
of freight wagons by different manufacturers, however, presuppose accordingly the use of different
variants in the manufacture of bogie bearers for gaining the maximum effect in terms of improving the
dynamic characteristics of a wagon in general.

2. METHODS AND RESULTS

For conducting experimental research, primarily, the constructive peculiarities of Model 18-9771
bogie have been examined, and further the results of trials were analyzed according to the main
dynamic indicators of gondola wagons with the use of those bogies in the different constructive
performance in empty and loaded modes on straight and curved sections of the track within the entire
range of operating speeds.

For a more complete evaluation of the dynamic qualities of freight wagons with the use of different
constructions of the running gear, the dynamic running trials of a gondola wagon, put into production
by Promtraktor-Vagon ZAO (Kanash, Chuvash Republic, Russian Federation), were conducted. As
the running gear, a bogie of Model 18-9771 (Fig. 1), one of the new developments of the plant [1-4, 6,
13, 16, 18-20, 23], having the increased run between repairs of 500 000 km (Table 1), was used.
Bogie construction makes it possible to diminish the dynamic impact of a wagon on the track due to
the application of the spring set with its static deflection increased up to 68 mm, to increase the
stability of the rolling stock, to decrease expenditure for the operation and repair of the running gear
due to the use of removable wear-resistant elements in the friction units.

Fig. 1. Model 18-9771 bogie
Puc. 1. Tenexka mogenu 18-9771
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Technical specifications of bogie 18-9771 are presented in Table 1.

The developed construction of a biaxial bogie for freight wagons has a number of differences [6,
16, 18-20] as compared to the developments of other railway engineering producers which are as
follows:

— the side frames and bolster beams in the form of steel castings are produced according to
vacuum-film technology;

— side frames are of reinforced construction;

— central spring suspension with the increased static deflection;

— bearers of permanent contact;

— removable wear plates are used in friction units.

Tab. 1
Technical specifications of bogie 18-9771
Main parameters and dimensions Value
1. Maximum estimated static load from the wheelset on rails, kN(tf) 230.5 (23.5)
2. Constructive speed, km/hr 120
3. Bogie base, mm 1850
4. Weight of a bogie in assembly, not more, kg 4900
5. Distance from the level of rail heads to the level of supporting surface of the thrust 811
bearing place in a free state, mm
6. Distance between Ingitudinal axes of side bearers, mm 1524
7. Distance between longitudinal axes of spring sets, mm 2036
8. Static deflection of spring suspension under maximally permissible gross load, 68
mm, not more than
9. Static deflection of spring suspension under container, mm, not less (at the load 12
from wheelset on rails 60 kN)
10. Coefficient of relative friction of friction damper oscillations in spring
suspension:
- under maximum gross load 0.08-0.12
- under container 0.10-0.16
11. Diameter of thrust bearing location, not more, mm 304
12. Depth of thrust bearing location, not more, mm 30
13. Overall dimension according to GOST I'OCT 9238 02-BM

* Permissible deviations of parameters and dimensions are referred to in the design documentation

Bogie of Model 18-9771 has a three-element non-rigid frame. Taking into account the insufficient
data on rational parameters of rigid bearers, as well as the necessity of selection of bearers by different
types of wagon bodies, universal fastening was worked out for designing of bolster beam. It allows
different bearers by the leading world producers to be mounted.

For installation of bearers of different types on the bolster beam above the zone of installation of
spring sets from the opposite sides two platforms with dimensions of 17x340 mm are foreseen. Two
openings 25 mm in diameter are made on the platform. Interaxial distance between the openings is
216+1 mm. Thickness of the horizontal shelf of the bolster beam beneath the platform is not less than
15 mm. These platforms are performed in one plane with the plane of the thrust bearing of bogie [6,
16, 18-20].

The presence of the indicated surfaces on the bolster beams makes it possible to apply the different
types of bearers of permanent contact as well as ordinary thrust bearer. Fastening of each bearer to the
beam is carried out with the help of two bolts M 24x75 according to GOST 7798-70 and nuts M24
according to GOST P 50273-92. Due to the indicated construction of a bolster beam on Model 18-
9771 bogie, gapless bearers of the Mainer company, A-STAKI and other manufacturers, possessing
the mounting height of 128.6+1.6 mm, may be used. Adjustment of the mounting size is carried out by
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the adjustment plates, fixed on the lower leaf of the wagon body bolster beam and fastened with bolts
M1 6x60. Thus, Model 18-9771 bogie construction foresees the option for installation of elastic (Fig.
2) and elastic-roller bearers of the firm Vagonmash OOO, Uralvagonmash FGUP PO, as well as of
other developers and manufacturers, e.g., a bearer of Model Dnipro, elaborated at the Chair of Wagons
and Wagon Facilities of the Dnipropetrovsk National University of Railway Transport named after
Academician V. Lazaryan.

Fig. 2. Elastic bearer
Puc. 2. Yupyruii cKone3yH

Namely, Model 18-9771 bogie has 4 performance variants. A variant with bearers by Vagonmash
00O was taken as the basis (bogie performance 00, 01).

Reciprocal parts, mounted on the wagon body for the rigid and elastic bearers, are of different
construction. However, in practice a necessity may arise for rolling up of bogies 18-9771 under the
wagon body, designed for operation on the bogie 18-100. For that reason, construction of the bolster

beam foresees the opportunity for installation of the rigid bearer (Fig. 3), fully reiterating the bearer of
Model 18-100 bogie.

Fig. 3. Rigid bearer
Puc. 3. XKecTkuii ckonb3yH
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Model 18-9771 bogies underwent the operational trials on the high-speed polygon of the Railway
Research Institute “BHUMKT” OAO (station Belorechenskaya of the North Caucasian Railways) in
the composition of gondola wagons of Model 12-1302 12-1302 (Fig. 4, a) and Model 12-1303 (Fig. 4,
b), manufactured by Promtraktor-Vagon 3A0 [6, 16, 18-20] in empty and loaded modes.

Fig. 4. General view: a) model 12-1302 gondola wagon; b) model 12-1303 gondola wagon
Puc. 4. O6uwmii Bux: a) momysarona mozenu 12-1302; 6) nonyBarona mogenu 12-1303

For experimental research four options of performance of bogie 18-9771 have been formed. Their
completion and bearer parameters, obtained according to the results of static and dynamic bench trials,
are provided in Table 2.

Tab. 2
Bearer parameters, obtained according to the results of static and dynamic bench trials of Model
18-9771 bogies

Bearer Performance Vertical stiffness of the bearer, Working stroke,
kN/mm mm
BM 003.000 “Vagonmash” 00,01 0.91 15
ISB-12 “A.Stacki” 02,03 2.12 8
CCB 6000 XT “A.Stacki” 04,05 1.01 15
Rigid bearer 06,07 — —

At conducting trials, indicators were measured, according to which coefficients characterizing the
quality of wagon motion were determined. Dynamic indicators were specified in accordance with RD
24.050.37.95 for bogies 18-9771 with variants of performance 00(01) and 06(07).

The below-given diagrams provide the results of investigation of dynamic characteristics of
wagons:

— coefficient of vertical dynamics of the unsprung bogie frame (Kq.) and relation of the frame force
to static axial load (N+Pa.) on the straight track sections (Fig. 5, a—b) and the relation of the frame force
to the static axial load (N#/P3) in the curve at a radius of 500 m (Fig. 5, ¢) in empty mode;

— coefficient of vertical dynamics of the body frame (Ky), coefficient of vertical dynamics of the
unsprung bogie frame (Kuu), the relation of the frame force to the static axial load (N#P.) on the
straight (Fig. 6, a—) and curved track sections at a radius of 500 m (Fig. 7, a—c) in loaded mode.
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Fig. 5. Diagrams of dependence of dynamic indicators on the motion speed in empty mode: a) coefficient of
vertical dynamics of the unsprung bogie frame Ky, (straight); b) relation of the frame force to the static axial load
H+/Pa (straight); c) relation of the frame force to the static axial load H«/P, (curve R = 500 m)

Puc. 5. I'padyiku 3aBUCUMOCTH IMHAMHYECKHX MTOKA3aTeeH OT CKOPOCTH ABHKEHUsSI B TIOPOIKHEM PEKUME!

a) Kod(HHUIHEeHTa BEPTHKAIBHON TUHAMUKA HEOOPECCOPEHHOM pambl Tenexxkn Kqy (mpsimas); b) otHomenue
PaMHO# CHITBI K CTATHIECKO# oceBoii Harpy3ke Hi/Pa (psimas); C) OTHOIIEHHE PAMHOM CHITBI K CTATHYECKOM

oceBoii Harpyske Hi/Pa (xpuBast R = 500 m)
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Fig. 6. Diagrams of dependence of dynamic indicators on motion speed in loaded mode on the straight track
sections:a) coefficient of vertical dynamics of the body frame (Kq); b) coefficient of vertical dynamics of the
unsprung bogie frame (Kuy);c) relation of the frame force to the static axial load (Ni/P2)

Puc. 6. I'paduku 3aBUCHMOCTH JMHAMHYECKUX MOKa3zaTesjeldl OT CKOPOCTU ABWKEHUs B IPY)KEHOM pEeKHME Ha
OPSIMBIX  yY4acTKaxX MyTH: a) KOd(QOHUIHEHT BepTHKATbHONW MUHAMHKHM paMbl Ky3oBa (Kq); b) xoaddumment
BEPTUKATBHON JUHAMHKHA HEOOPECCOPEHHON pambl TeNeXKH (Kqy); C) OTHOIICHHE PAMHOM CHIIBI K CTATHYECKO
ocesoii Harpy3ske (Ni/Pa)
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Fig. 7. Diagrams of dependence of dynamic indicators on motion speed in loaded mode on the curved track
sections (R = 500 m): a) coefficient of vertical dynamics of the body frame (Kqy); b) coefficient of vertical
dynamics of the unsprung bogie frame (Kay); ) relation of the frame force to the static axial load (Ni/Pa)

Puc. 7. I'padukn 3aBUCHMMOCTH JAMHAMUYECKUX IOKA3aTelieil OT CKOPOCTH JIBM)KEHHS B IPYKEHOM pEKHUME B
KpuBbIX yuacTkax mytd (R = 500 m): a) koaddunueHTa BepTHKATBHON THHAMHKH paMbl Ky3oBa (Kq);b)
K03 HUIMeHTa BEPTHKAIBHOM THHAMHKH HEOOPEeCCOpHO pambl TeeKKH (Kgu); C) OTHOIICHHE paMHO# CHITBI K
cratiyeckoit oceBoit Harpy3ske (Ni/Pa)

Some data of trials for visualization are given in Tables 3, 4 below.

Tab. 3

Values of coefficient of transverse stability reserve (KT) in the curves (in loaded mode)

Dynamic indicators of Bogie model 18-9771
motion safety performance 00(01) performance 06(07)
V =100 km/hr 2.79 >3
R=500m
V =10 km/hr >3 >3
R=350m
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Tab. 4
Trial results, obtained at switching (in loaded mode)
Permissible value Motion speed, km/hr
Indicator Bogie model 25 40

Coefficient of vertical dynamics of
the sprung sections of the wagon 00(01) 0.6 0.17 0.19
(Ka) '

06(07) 0.18 0.18
Coefficient of vertical dynamics of 00(01) 0.3 0.32
the unsprung wagon sections (Kqu) 0.8

06(07) 0.3 0.32
Frame force in Pa. Ni/P, portions 00(01) 0.14 0.14
from the wheelset on the bogie 0.38 ' '
frame 06(07) 0.11 0.17

Thus, correctness of the selected technical parameters of bearers was confirmed experimentally for
several variants of bogie performance.

3. CONCLUSIONS

Comparison of the results of the research conducted allows one to make a conclusion that for all
variants of 18-9771 bogie performances the values of dynamic indicators of wagon motion safety do
not exceed the permissible values.

However, the dynamic indicators of wagons for bogies of 00(01) performance are somewhat better
that for bogies of 06(07) performance, this witnessing the correctness of the selected technical
solutions.

Analysis of the values of coefficients of vertical and horizontal dynamic and stability coefficients
confirm that bearers of permanent contact improve the motion qualities of freight wagons by reducing
the loads, transmitted from the rolling stock to the railway groundwork.
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