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DYNAMIC PERFORMANCE OF FREIGHT CARS ON BOGIES
MODEL 18-1711

Purpose. To analyze the results of study of dynamic parameters of the tank-car model 15-1900 and gondola car
model 12-1905, equipped with the bogies model 18-1711 with axle loading of 25 ton and unified according to major
parts and joints with the cars of previous generation. According to results of the study to conclude about the possi-
bility of using bogies model 18-1711 as the running parts of the freight rolling stock of the new generation of
1520 mm track with increased axle loading. Methodology. The dynamic performance of the rolling stock running
parts directly affects the safety of railway traffic. Experimental studies of the car dynamic qualities are an important
step in the modernization of existing bogie constructions and in the creation of the new ones. These tests allow one
to confirm the results of theoretical studies and to check the correctness of the constructive solutions. Findings. Ba-
sic results of dynamic studies are presented as the graphs of dynamic performance dependencies on the motion
speed of the experimental train. Results show that the freight cars on the bogies model 18-1711 have satisfactory
dynamic properties meeting current regulatory requirements. Originality. The dynamic characteristics of freight
cars on bogies model 18-1711, which give a complete view of the car loading allow us to estimate the dependency
of the car dynamic performance on the bogie design parameters. Practical value. The bogie model 18-1711 with
axle loading 25 ton can be used as a freight car undercarriages of the new generation of 1520 mm track.

Keywords: dynamics of the railcar; dynamic tests; axle loading; structure unification; cars of new generation

Introduction The use of non-metallic insertions between the
friction wedges and bolster eliminates the «metal
on metal» contact and stabilizes functioning of the
shock absorbers [14]. Increase of the friction
wedges width or their form changing from the flat
to the spatial one increases the side frames cohe-
sion with the bogie bolster. It reduces the degree of
the side frames lozenging and thus promotes the
motion stabilization. Installation of the double-row
tapered bearings, which do not require mainte-
nance and repair on the wheel sets increases the
overhaul life of the cars. Installation of elastic
wear-proof insertions between the bearing adapter
and supporting surface of the side frame axle-box
nozzle protects the supporting and thrust surfaces
of adapter and the side frame from the wearing.
Thus the system of bogie primary suspension is
created. The elastic insertion of adapter dampers
the high frequency vertical oscillations and brings
the wheel set back to its original position after
oblique setting during motion in the curved track
sections. This has a positive effect on the side
frame durability [13, 15].

Dynamic characteristics of the running parts of
railway rolling stock directly affect the safe opera-
tion of trains in different modes of car loading and
in the entire range of their motion speeds. That's
why scientists and designers during improvement
and construction of the new bogies of the rolling
stock paid great attention to such junctions and
elements the providing of necessary quality of the
car course with the least resistance to its motion
depends on [1, 4,7, 9, 12].

Application of spring group in the construction
of upgraded and new bogies with bilinear force
characteristics and increased flexibility under the
tare and gross rail load can improve the vertical
dynamics parameters, promote traffic safety, as
well as to provide the lesser sensitivity of the
empty car dynamic parameters to the wedge wear.

In this case installation of the springs with in-
creased altitude under the friction wedges allows
one to create the necessary pressing force to pro-
vide both the better damping and increased resis-
tance to the bogie side frames lozenging.
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Installation of fixed contact bearings on the
bolster provides an effective oscillation damping
and reduces the wheel sets wearing. This signifi-
cantly decreases the level of dynamic loading of
the car center pivot and reduces the negative im-
pact on the track [2, 3, 5, 6, 11, 16].

A number of these design solutions are imple-
mented in the new generation of bogies with an
axle loading of 25 tnf, including the models
18-1711 (Table 1).

car dynamic qualities are an important step in the
modernization of existing bogie designs and in the
construction of the new ones. Experimental data
can confirm the results of theoretical studies and
check the correctness of the design decisions.
Therefore, the following algorithm can be deter-
mined as a research methodology: design engineer-
ing of the freight car bogie, theoretical research
performing, experimental studies of freight car dy-
namic loading on the bogies of new construction in

Table 1
Technical features of bogies
Bogie model (designer)
Name of design Barber-S-2-R Motion Control 18-1711 PJSC
features 13}1\?;;1 18-9855 18-9836 (&?ﬁ% «Azovmashy
(NVTs «Carsy) (Amsted Rail) («GSKBV»)
Spring
suspension:
— power
characteristic Bilinear Bilinear Bilinear Bilinear Bilinear
— spring number
of the spring set
(including the
double-row ones) 7(7) 9(9) 9(4) 7(7) 7(7)
— wedge form Flat Spatial, composite | Spatial with in- Flat ¢ with in- Spatial
structure creased width of | creased width
working areas of working
areas
Type of the elastic Elastic
fixed contact bear- | spring type, Elastic spring Elastic spring Elastic Elastic spring
ings or the elastic type type elastomeric type
roller one
Presence of elastic
elements:
— in the axle-box
nozzle Yes No Yes Yes No
— on the wedges No No No Yes No
Purpose comparison with the serial ones, results analysis,

The purpose of the article is the study of car
dynamic qualities. According to the study results
the use possibility of bogie model 18-1711 as the
freight car running gears was evaluated.

Methodology

Running gears dynamic parameters of the roll-
ing stock directly affect the motion safety parame-
ters of the freight cars on the basis of wheel and
rail interaction conditions. Experimental studies of

and decision preparation about the possibility of
using the bogies with new designs.

Findings

This paper presents the dynamic running tests
of the tank car model 15-1900 and the 12-1905
open car model equipped with bogies 18-1711,
with an axle loading 25 tnf, which were carried out
according to the papers [8, 10]. These types of cars
are the most common types of the freight vehicle
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on the track 1520 mm. The prototypes for these

End the table 2

cars were respectively the tank  car Tdox val
model 15-1547-03 and the 12-1704-04 open car N find ncex vawe
model produced by PJSC «Azovobshchemashy for ame oF faex Tank-car, | Open car,
(parameter, size) model model
many years. Body researched cars also on most
. . . 15-1900 12-1905
parts and components are unified with the previous
generation cars. Bodies of the researched cars are  Size according to the State 1-VM
also unified with the cars of previous generation  Standard 9238-83
accordlpg to the most parts and compopents. ' Tank volume (body), m’ 87+0,4 90+0,5
During the tests the general working capacity .
of the vehicle in motion was examined. There were Body width, mm 3260 3204
dfetermined anq szaluated the parameters of run-  Body length (tank), mm 11260 13130
ning characteristics of cars, which were equipped :
with bogie model 18-1711. The different motion  Distance between truck 7800 8650
speeds, including the speed exciding the design centres, mm
speed by 10% and different loading modes for the The car length of the cou-
. . . . . 12020 13920
specific track sections with the corresponding con- pler pulling face, mm
struction and the current technical conditions were 1, - height of the car grav-
taken into account as well. o ' ity center from the rail top
The technical characteristics of the studied cars  jeyel, mm
are presented in the Table 2. — in the empty condition 1.561 1.191
Table 2 — in the loaded condition 2.499 2.221
Technical characteristics of the cars under tests The minimum radius of
Index value eurving, m- o
Name of index —— Open car l‘) when moving in trac-
(parameter, size) model rode] tive connection
15-1900 12-1905 — connection section of
) A the tangent and curve
Carrying capacity, tn, no 735 755 track section 80
more than 120
— S-shaped curve
Tare weight, tn 26.0 24+0.5 2) during circular curving
Static design loading from of the single tank 60
the wheel set on the rails, 245.0 (25.0)
kN (tnf) The test results of cars are presented as graphs
of dependencies of the ride quality basic indices on
the motion speed in Fig. 1-9.
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Fig. 1. Vertical dynamic coefficient DC of the tested car bodies:

120

a — empty car; b — loaded car
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Fig. 2. Vertical dynamics coefficient DC of the non-spring elements of the car bogie frames under tests:
a — empty car; b — loaded car
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Fig. 3. Frame forces of the bogies H of cars under tests:
a — empty car; b — loaded car
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Fig. 4. Vertical acceleration of the bogies g of the cars under tests:
a — empty car; b — loaded car
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Fig. 5. Horizontal acceleration of the bogies g of the cars under tests:
a —empty car; b — loaded car
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Fig. 7. Vertical accelerations of unsprung elements of the bogie frames g, of the tested cars:
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Fig. 8. Horizontal accelerations of unsprung elements of the bogie frames g, of the tested cars:
a — empty car; b — loaded car
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Fig. 9. Derailment stability coefficient:
a — empty car; b — loaded car
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Originality and Practical Value

The dynamic characteristics of freight cars with
the bogie models 18-1711 are obtained. These
characteristics give a complete idea of the car load-
ing and allow us to estimate the dependency of the
car dynamic performance on the bogie design.
Two-axial bogie model 18-1711 with axle loading
25 tnf can be used as the freight cars running gears
of the new generation of 1520 mm track.

Conclusions

1. The test results show that the studied cars
have satisfactory dynamic qualities.

2. Maximum commonality of parts and compo-
nents of their running gears and bodies with the
previous generation of cars ensures their maintain-
ability on the existing infrastructure of railways of
the 1520 mm track.

3. To ensure the traffic safety during manufactur-
ing and repairing of new generation cars, components
and details, of which are unified with the previous
generation of cars, it is necessary to exclude the pos-
sibility of "reverse installation", i.e. the installation of
the new generation car parts with obsolete design.
For this purpose there are many methods of control,
such as logic control through the information-
analytical system of railway computer centers.
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JAUHAMIYHI IOKA3ZHUKH BAHTAZKHUX BAT'OHIB HA BI3BKAX
MOJEJII 18-1711

Merta. BukoHatn aHaii3 pe3ynbTaTiB AOCTIIKEHHS THHAMIYHIX ITOKa3HUKIB BaroHa-nuCTepHH Mozaeni 15-1900
Ta miBBaroHa mozeni 12-1905, obmagHannx Bizkamu mozeni 18-1711 3 ocboBUM HaBaHTaKeHHIM 25 T¢ Ta yHi(iko-
BaHUX 32 OCHOBHUMH [JETAJSIMH W BY3JIaMH 3 BarOHAMH IOTIEPEIHBOTO MTOKOJIHHA. 3a pe3yiabTaTaMH IOCIiIKEHb
3pOOHUTH BUCHOBOK PO MOXKJIMBICTh BUKOPHCTAaHHS Bi3ka Mojieni 18-1711 sk XOMOBHX YaCTHH BaHTaXXHOTO PyXO-
MOTO CKJI/ly HOBOT'O MOKOMiHHs Kouii 1 520 MM 31 30UIbIIEHUM OChOBUM HaBaHTaxkeHHs M. MeToauka. Ha Ge3neky
PYXy Ha 3aJi3HUILIX 0e3MOocepeaHbO BIUIMBAIOTH JUHAMIYHI IIOKA3HUKH XOJOBUX YaCTHH PyXOMoOro ckiany. Excre-
PUMEHTAJIbHI JOCIIHKCHHS JUHAMIYHUAX SKOCTEH BaroHIiB € BAKJIMBHM €TAIllOM IIPH MOJEPHi3allii iCHYI4HX 1 CTBO-
PEHHI HOBUX KOHCTpYKILiH Bi3KiB. JlaHi BUNPOOYBaHb NO3BOJSIOTH IIATBEPAMTH PE3YJIbTATH TEOPETHYHUX JIOCIi-
JUKEHb 1 TIEpEeBIPUTH NPaBHIIBHICTD MPUHHITUX KOHCTPYKTUBHUX pilieHb. Pe3ynbTaTtn. OCHOBHI pe3ysibTaTH JAuHA-
MIYHHX JOCTIDKCHb HaBEIIEHO Y BUTISAAL TpadiKiB 3aJeKHOCTI TUHAMIYHHUX TTOKA3HUKIB BiJ] IIBUAKOCTI PYXY CKC-
NEepUMEHTAIBHOTO I10i3/1a, BOHM CBiJUaTh NPO Te, IO BAaHTAXHI BaroHM Ha Bi3kax Mogeni 18-1711 wmarorh
3aJIOBUTHHI TUHAMIYHI SIKOCTI, 0 BiJIIOBIAaI0Th Cy4YacCHUM HOpMaTUBHUM BuMoraMm. HaykoBa HoBu3Ha. OTprMaHO
TUHAMIYHI XapaKTEePUCTHKH BaHTAKHUX BaroHiB Ha Bi3kax mozeni 18-1711, Aki maroTh MOBHE YSBICHHS PO
HABaHTAXXCHICTh BaroHa W JO3BOJIIIOTH OLIHUTH 3aJICKHICTh MUHAMIYHUX TOKAa3HWKIB BAaroHA Bif IapaMeTpiB
KOHCTpYKii Bi3ka. IIpakTuyHa 3HauuMicTh. J[BoBicHHH Bi30ok Monemi 18-1711 3 ochOBUM HaBaHTAXKEHHSM 25 TC
Moyke OyTH BUKOPUCTAHUI K XOJ0BI YACTHHH BaHTAKHUX BaroHiB HOBOTO MOKOJIHHS Koiii 1 520 M.
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JANHAMMNYECKHUE ITIOKA3ATEJIM I'PY30BbIX BAI'OHOB
HA TEJEXKAX MOJIEJIA 18-1711

Heas. IIpoBecTn aHamM3 pe3yabTaTOB MCCIECAOBAaHMS JUHAMHYECKUX ITOKa3aTeNiell BaroHa-LIUCTEPHBI MOJCIH
15-1900 n momyBarona moaenu 12-1905, o6opynoBaHHBIX TenexkkamMu Mozenn 18-1711 ¢ oceBoit Harpy3koin 25 Tc
U YHU(UIMPOBAHHBIX MO OCHOBHBIM AETANSIM M y3J1aM C BarOHaMHu MpeAblayIiero nokoiaenus. 1o pesynpraram uc-
CIIEJIOBAaHUS CIEaTh 3aKII0UeHHE O BO3MOXKHOCTH HUCIOJIb30BAaHUS TeNeXKH Moaenu 18-1711 B kauecTBe XOIOBBIX
4acTel rpy30BOTO MOABMKHOTO COCTaBa HOBOTO IMOKOJIeHUs kojer 1 520 MM C yBETMYEHHON OCEBOW Harpy3KOW.
Metoauka. Ha Ge3onmacHOCTh ABMIKEHHS Ha JKEJIE3HBIX JOPOTrax HampsMyIO BIUSIOT JIMHAMHUYECKHE ITOKa3aTesln
XOJIOBBIX YacTeil MOJBIKHOTO COCTaBa. JKCIEPUMEHTANIBHBIE NCCIIEIOBAaHUS IMHAMUYECKUX KAaueCTB BAarOHOB SB-
JISIFOTCST BYKHBIM 3TAIlOM IIPU MOJICPHU3AIMHN CYLIECTBYIOIINX M CO3/IaHMU HOBBIX KOHCTPYKIUI Tenexek. JlanHble
WCTIBITaHWH TO3BOJISIOT IIOATBEPANTH PE3YIIbTaThl TEOPETHUECKUX MCCIECAOBAHUI M IIPOBEPUTH NMPABWIBHOCTD TIPH-
HATBIX KOHCTPYKTHBHBIX pemieHui. Pe3ynabTaThl. OCHOBHBIE PE3yNIbTAThl JMHAMUYECKUX HMCCIECIOBAHNUIN IPEICTAB-
JIeHBl B BHJE TpaMKOB 3aBUCUMOCTH AMHAMHUYECKUX MOKa3zaTelIed OT CKOPOCTH ABHKEHHS SKCHEPHMEHTAIBHOTO
0€3/1a, OHM CBHUJETEIHCTBYIOT O TOM, YTO TPY30BBIC BaroHbI Ha Tenexkax monenu 18-1711 obmagarot yaoBieTBo-
PHUTEJIBHBIMYA IUHAMHYECKHMH Ka4e€CTBAMH, OTBEUYAIOLINMHU COBPEMEHHBIM HOPMATUBHBIM TpeboBaHusM. HayuHast
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HOoBHM3HA. [Toy4deHbl IMHAMUYECKHE XapaKTEePUCTHKH TPY30BbIX BaArOHOB Ha Tenexkax mozenu 18-1711, xoropsie
JTAIOT TIOJTHOE MPEICTaBICHNE O HArpy»KEHHOCTH BaroHa M MO3BOJISTIOT OIEHUTH 3aBHCUMOCTh JHHAMHUYECKUX TOKa-
3arejiel BaroHa OT MMapaMeTpoB KOHCTPYKUIMH Tenexku. IlpakTudeckass 3HAYMMOCTh. J[ByXOCHas TeleKKa MOJe-
mu 18-1711 ¢ oceBoii Harpy3Ko# 25 TC MOXKET OBITh UCIIOJIb30BaHA B KAYECTBE XOJIOBBIX YacTel IPY30BbIX BarOHOB
HOBOTO MOKOJIeHUs Kosen 1 520 mm.

Kniouegvie cnoga: nuHaMyka BaroHa, TUHaMHUYECKUE HCIIBITAHUS, OCeBasi HArpy3Ka; YHU(PHUKALMS KOHCTPYKIIHH;
BaroHbl HOBOT'O TIOKOJICHUS
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