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RESISTING MOMENTUM IN THE ABUTMENT TO ROTATING OF
FREIGHT CAR BOGIE

Summary. On the Latvian railway, derailments of freight&ake place in the course
of shunting work on marshalling yards. A numberfators during shunting work on
marshalling yards may contribute to the derailmeotsrolling stock: longitudinal
dynamics during braking of cars with the turnedhotikes by locomotive, hauling down
cars from a marshalling hill with braking positioontrolled by an operator, dry internal
rails in curves, absence of greasing in the pivoit of freight bogies. At present,
measures allowing elimination of the car derailmenluring shunting work are
developed.

During the period between repairs, the abutment ohifreight car often works in
conditions of dry friction. Our observations suggést at the time of taking a car into
repair, there is often an absence of greasing leetwail bearing and center plate of the
abutment, and a presence of sandy dust. It ingeadection and, together with high
contact pressures and dynamic influence, hindersutim of bogie at motion of car.

In this paper, the results of studying the regjstimoment in the abutment to turning of
bogie is reported. The study was conducted on #séstof freight bogie of type 18-100;
the body was leant on the center plate unit obthgment, on the center plate unit, and
on the sliders. Experiments were conducted, with uke of greasing and at the dry
friction of center plate unit.

MOMEHT COIIPOTUBJIEHMA BPAIIEHWIO TEJIEXKKU I'PY30BOI'O
BAT'OHA B IIOAITATHUKOBOM V3JIE

Pe3srome. Ha JlaTBuiickoii >kese3HON Opore UMEIOT MECTO CXOJbl TPY30BbIX BaroHOB
MIpH BHITIOJTHEHUH MAHEBPOBOW pabOTHI HA COPTUPOBOYHBIX CTaHIUAX. CyIIecTByeT psi
(hakTOpOB TMpHU MPOU3BOJCTBE MAHEBPOBOH pabOTHl HAa COPTUPOBOYHBIX CTAHIIHSIX,
MPUBOASIINX K CXOAaM IMOABMXKHOIO COCTAaBa: MPOAOIbHAS NUHAMUKA MPU TOPMOKEHUU
JIOKOMOTHBOM COCTaBa C BBIKIIOYEHHBIMH TOPMO3aMH, POCITYCK BaroHOB C TOPKH MPH
VIPABICHUU ONEPATOPOM MO3UIUEH TOPMOKEHUS, CYyXUE BHYTPEHHHUE PEIbCHI B KPUBBIX,
OTCYTCTBHUE CMa3Kd B IIKBOPHEBOM Y3Jie¢ TPY30BbIX TeIEKEeK. B HacTosiee Bpems
pa3pabaTeIBalOTCA MEPONPHUATHS, MO3BOJSAIONINE JTUKBUINPOBATh CXOIBl BaroHOB MpH
MIPOM3BOCTBE MaHEBPOBOI PabOTHI.

B MexpeMOHTHBIN mnepuoJ NOANATHUKOBBEIA y3€d1 TpPYy30BOI'0 BaroHa 4YacTo
pabotaer B ycioBuUsSX cyxoro TpeHus. [lo nHamwuMm HaOmIOOEHUSIM, TIpU
MOCTYNJEGHUN BaroHa B PEMOHT MOCTOSHHO HaOIIOMaeTcsi OTCYTCTBHE CMa3KH
MEXJy MATHUKOM U MOAMSTHUKOM, HAJWYHUE TMECOUYHON MBIIU. DTO yBEIUYUBACT
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TpeHHE NPU HAIMYUH BBICOKUX KOHTAKTHBIX JaBICHUN U JMHAMUYHOTO BO3JEHCTBUS,
YTO MPENATCTBYET MOBOPOTY TEJEKKH IPH ABHKCHUU BaroHa.

Ha 0a3ze rpy3oBoii Tenexku tuna 18-100mpoBeneHs ncciegoBaHus MO ONPEaeTICHHIO
MOMEHTa CONPOTHBIICHHS MOBOPOTY TEJIEKKH B MOJIATHUKOBOM Y3JI€ — IIPU ONUPAHUU
Ky30Ba TOJBKO Ha MOAIMATHHUKH, TaK M HAa TOAMSATHUKH U CKOJB3YHBI. JKCICPUMEHTHI
NPOBOAMIINCH, C MPUMEHEHUEM CMa3KH, TaK U MPHU OTCYTCTBUU CMAa3KH B MOAISTHUKOBOM
y31e.

The number of derailment of freight carriages o lthtvian railway has increased over the last
10 years. Research results indicate that the gteatenber of derailments of carriages took place in
1997 (21 cases), in 2003 (20 cases), 2005 (27 ;ask#de in other years the number of carriage
derailments did not exceed 17 cases per yearl(fig.

Amount of derailment

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006
Years

Fig. 1. Distribution of derailment of freight caages on years in a period from 1997 to 2006
Puc. 1.PacmnpesencHue CX0I0B IPy30BbIX BArOHOB 10 roaaM B nepuoa ¢ 1997mo 2006romasr

During shunting works on the stations, 66% of derants were registered; 24% of derailment
happened in the process of descent of carriagasHilts, 6% took place at repairs of the railwayda
4% of incident occurred on sprains between statiStetistics shows that on the Latvian railway the
derailment of freight carriages most often happeatthe time of carrying out shunting work on
marshalling yards [1]. Some of the reasons, respltd the derailment of train carriages on spands
between stations [2], in the process of carrying slwnting work on marshalling yards by the
locomotive with the turned off brakes, and as altaxf releasing unhooked carriages from a hillhwit
manual braking position managed by an operatoai@]studied in the Institute of railway transpdrt o
the Riga technical university.

As a carriage passes the crooked areas of theaggilive light cart turns and accordingly so does
also the center plate in relation to trail bearifige vertical loading on trail bearing amounts 430
tc. A dry friction between the trail bearing and thenter plate creates considerable friction
momentum, which impedes the turn of the light céfhile overcoming the resistance of the friction
forces at a turn, the light cart of carriage duestimctural gaps changes a form. Thus, forces of
resistance in the plate center hinder its returtihéooptimum working position. Warping of light tar
leads to the large angles of wheelpairs' runningsorrails, which result in the origin of the large
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transversal loadings contributing to the laterabmef railhead and the incision of light cart's whe
edges, and which on occasion may lead to the dexail

In this work, the resistance to the rotation credtg friction forces in center plate at the lighttc
of freight carriage were determined. The bogie rhdd@100 of freight carriage was used in the
experiments; the results of the experiments argepted in this paper.

According to our observations, 80 — 90% of freigatriages arriving at a depot or a capital repair
in the Daugavpils depot completely lack of greasimghe supporting place of basket on a light cart
between the ground surfaces of the trail bearing) the center plate. The horizontal and vertical
working surfaces of trail bearing and center pkate worn unevenly; there are fins, wherein sandy
dust can sometimes be found (see fig. 2).

Fig. 2. Worn element of light model cart 18-10@s & pad of the center plate, 2 is underlaymetiteotenter plate
Puc. 2. M3Homennsrit 3neMent Tenexkku Moxemu 18-100: 1 —OypTHK HOMNATHHHKA, 2 — OMOpPHAS MMOBEPXHOCTh
MOATISITHAKA

To determine the friction resistance in the suppdrtresistance momentum friction in the
supporting place, a set of tests were conducteith@tight cart of freight carriage model 18-100wit
threadbare center plate. Loading on the centee plas transferred by the trail bearing fastened on
frame. The weight with mas¥ was placed on the frame; as a loading weightwtheelpair was used

with box, whose mass & = 1400 kg, and a model of carriage frame with n{8ss= 200 kg (fig. 3).

Thus, the total mas® of the loading weight imposed on the center paf@ =™ * M je. 1600 kg.
The momentum of the resistance to rotation caugeafliction in the supporting place is determined

by forceP, which is applied to the loaded frame at the distaofd =1m in order to move it out of a
quiescent state by rotating round the center obtipporting place. The foréewas created by a jack,
and it was measured with a dynamometer. The tabisgstem used for experimental measuring is
presented on fig. 3.
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Fig. 3. Experimental system to determine the frictresistance momentum in a supporting place framees of
resistance to the rotating of the light cart. Congrd elements of the system: 1 is a frame, 2 igigtw,
3 is a supporting knot, 4 is a light model cartl®), 5 is a dynamometer and rope, related to tile ja
Puc. 3. 3KC1‘IepI/IMeHTaJILHaH CHUCTEMaA JId OIPEACICHUA MOMCHTA OT CHUJI CONPOTHUBJICHUA BPAIICHUIO
TCJICIKKU B OIIOPHOM Y3JIC. CocTaBHBIE DJIEMEHTHI CHCTEMBI: 1 —pamMma, 2 —TIpys, 3 —0H0pHLII7[
y3en, 4 —tenexka monenu 18-100, 5 -tuaamomeTp u Tpoc, CBSI3aHHBIN C TOMKPaTOM

It is assumed in this work that the momentum ofstaace to the rotation of light cart in a
supporting knot is proportional to the loading ba supporting knot of light cai:

I\/Ifr.r.: ffr.r.EN N:m[g (1)

Here ™' is a proportionality coefficient between the motoem of rotation friction and the loading
on the supporting place of light cart; it has aelision of length. Experimental determination o thi
coefficient is one of aims of this work. For thisrpose, the loading on the supporting knot is eckat

by the weight of load, th& = M9

M. was first determined experimentally in the labonatsetting. The forceP necessary for
overcoming the forces of resistance to the rotafiona supporting place was measured by a

. . M
dynamometer, and the momentum of forces of resistda the rotation "' was calculated as
follows:

M, =P ()

fr.r.
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With respect to the coefficient equations (1) and (2) give:

fror.?

ffr.r.=Mfr.r./N:Puj/mlj‘-} (3)

whereg in (3) represents the standard gravity.
The process of determinind;, consisted of tests carried out at presence ofsgrgan a

supporting place and on slide-block, and at itseabs in these elements. Experiments were also
conducted in the case of setting skating rinksliole-$lock.

The weight was positioned on the frame symmetgidallthe center of its turn and with a shift of
0,57m in relation to the center. When the load pastioned on the frame symmetrically to the center
of its turn, the loading was transferred onto teeter plate. It is known that, while a carriage is
moving in a curve with the rise of external rai§ frame leans against a supporting place and-slide
block. Therefore, in the experiments, the positérthe frame of carriage was modeled by changing
the load on the frame in relation to the centatsofurn.

Measuring of the forc® at every position of load on a frame were repe#iege times. The
values of f;, were calculated according to (3) and using meduegaof M, . The values of

proportionality coefficientf, corresponding to different experimental settings presented

on the diagram in fig. 4.
On the second stage, using the valued,of presented in fig. 4, the momentum of

resistance to the rotation of light cart were cédoted in a supporting place: 1) for the frame
leaning against a supporting place, 2) for the #deaning against the supporting place and
slide-block, and 3) similarly, for the carriage rfra leaning against a supporting place and
slide-block with the skating rinks set on him. hese cases, the expression kf, becomes:

Mfr.r.= ffr.r.qnb*'mtl)[glz (4)

herem; - mass of basket of freight carriage (13000 k@), - mass of load (60000 kg).
The results of calculatingyl ., based on (4) are shown a fig. 5.

The results of our research indicates that thermiesef greasing in the supporting place of the
light cart of the freight carriage causes a comsidle momentum influence, which impedes its
rotation in relation to trail bearing. Especialljig phenomenon manifests itself when the basket of
carriage leans against the supporting place dighecart and the slide-block.

It was experimentally found that the negative (fa train) influence of resistance to the rotation
of the light cart in relation to trail bearing che reduced by the presence of greasing in the stipgo
place. Moreover, a yet greater decline of suchstasce can be achieved by applying a skating
support on the slide-block.
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Fig. 4. Value of proportionality coefficienf;, calculated according to (3) for three positionsthod

load; a) in the case of absence of greasing; lprasence of greasing: 1 is the frame with the
load leaning only against the center plate of tha beam, 2 is the frame with the load leaning
against the center plate and one of the slide-hl8cis the frame with the load leaning against
the center plate and the skating rinks, set orstite-block

Puc. 4. Boiuncnennpie 1o (3)  mist  Tpex  TOJOXKEHWE  Tpy3a  3Ha4YCHHS KO3 UIHEHTa
OPOIOPUHOHATBHOCTH fg, B ClIyd4ae OTCYTCTBHsI CMa3Kd (ZMarpaMMmbl @) M NPH HAIHYHA
CMa3Ku (I[I/Ial"paMMBI b) 1 —paMa C Tpy3oOM OIUPACTCAd TOJbBKO Ha HNOANATHUK HaZ[peCCOpHOfI

6aJ'IKI/I, 2 —pama € rpy3oM OIIMpPACTCA HA MOAISTHUK U OAUH U3 CKOJIB3YHOB; 3 —pamMma ¢ rpy3som
OonupacTCsa Ha NOANATHUK U KaTKHU, YCTAHOBJICHHBIC HAa CKOJIb3YHEC
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Fig. 5. Values ofM , calculated according to (4) for three states afnieg of basket of freight

carriage: a) in the case of absence of greasingbgnat presence of greasing: 1 is the frame
with the load leaning only against the center plaft¢he train beam, 2 is the frame with the load
leaning against the center plate and one of thdedblock; 3 is the frame with the load leaning
against the center plate and the skating rinkspaethe slide-block

Puc. 5. Beiuncnennsiii mo (4) mias Tpex COCTOSHHII OMHMpaHHUs Ky30Ba Ipy3oBoro BaroHa My, B

clIy4yae OTCYTCTBHUS cMa3Kd (IuarpaMMBbl &) M IpH HaIW4YUHM cMasku (auarpammsl b): 1 —pama c
I'PY30M ONHUPAETCS TOJBKO HA MOAMSATHUK HaJIpecCOpHOW Oanku, 2 —paMa ¢ Tpy30M ONHpACTCS
Ha MOAISTHUK M OJMH M3 CKOJIB3yHOB; 3 —paMa Cc rpy30M OIHpAETCs Ha MOAISATHUK M KaTKH,
YCTaHOBJIIEHHBIE HA CKOJIb3YHE
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