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ANNOTATION

Thesis “Investigation of wagon derailment when pagscurvilinear spaces and
detaching at gravity hump yards” is completed bydP&avrilov in order to receive doctoral
degree in engineering. Academic Advisor, Dr.sc.aggociated professor Diy Sergeyev.

The work contains a collection and analysis ofgineiwagon derailment statistics on
Latvian Railway in the period of 1997 — 2009.

An experiment of defining loads, promoting derailmhef freight wagons when
passing curvilinear space intervals, was carrigd ou

Values of Coulomb friction parameters in supportingdes were figured out
experimentally, allowing the definition of bogietation antitorque moment towards wagon
body for various type freight wagons, when passumyilinear space intervals.

Cut dynamics in retarder position of gravity humaswnvestigated in order to find out
the possible reasons of wagon derailment at gravésgshalling yards.

Recommended guidelines are offered to decreases otation antitorque moment
towards wagon body and derailment at gravity mdlishayards.
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1. RELEVANCE OF WORK

Railway transport, a mean of transporting heapgedple and huge volumes of
freights, including hazardous and highly dangeigamds, is classified as a branch of national
economy with increased risk of emergency situations

Emergency situations involving wagons with chemsgabil products and
poisons cause contamination of environment and ireqaubstantial expenses on
rectification of ecologic consequences of troubles.

Long operational experience of railway worldwideosls, that in spite of
efforts to provide safe transportation of freights¢cidents such as wheel pair
derailment happen regularly.

On Latvian railway, the percentage of derailmerasdollows: 40% — derailment when
detaching at gravity hump yards, 27% — derailmemérwpassing curvilinear space intervals.
Wagon derailments on railway yards when detachiagomns lead to delays in freight train
forming and consignment, as well as cause expeatesdisg with freight damage, railway and
wagon repairs. Derailment on curvilinear spacervials also cause delays in train schedules.
Derailments are sometimes related to environmemtaaanation and expenses on rectification
of ecologic consequences of troubles.

Financial losses from decline of amount of simdart of failures are obvious. This is
the reason why term “derailment” in the context tbé discussed problem should be
understood as “derailment of wagon wheel pair ahlsewheel pair flange rolling over rail
head”.

Investigation of wagon derailment when passing iinear spaces and detaching at
gravity hump yards appears a relevant problem &tivian railway.

2. WORK OBJECTIVE AND TASKS

Work objective. Investigation of wagon derailment case reductioenv passing
curvilinear space intervals and detaching at gyawitmp yards, recommendations for cutting
the likehood of such effect.

Tasks:

Q collection and analysis of freight wagon derailmstattistics on Latvian Railway
in the period of the last ten years and systentaiizan order to figure out the
extent of problem aggravation;

O investigation of bogie supporting node state ofgfiewagons sent for roundhouse
servicing and overall repair;

O definition of parameters for friction between belstand wagon frame in
supporting nodes;

O definition of freight wagon bogie rotation antitoe moment, depending on
conditions of wagon body supporting on bogie areddiesence of lubricant;

O investigation of cut dynamics in retarder positafrgravity;

O work out recommendations for:

- reduction of bogie rotation antitorque momentaoss wagon body, allowing
derailment case reduction when passing curvilispace intervals;

- choosing regime of breaking when detaching ctigravity hump yards, in
order to reduce derailment cases.



3. RESEARCH METHOD AND METHODICS

Research includes experimental method of freighyjomabogie rotation antitorque
moment definition towards wagon body, dependingonditions of wagon body supporting
on bogie and the presence of lubricant. Requirddrnmation was received basing on
multivariate numerical calculation of differentiglquations, describing wagon dynamics,
using standard features of MATH CAD package. Dependn its mass centre position, on
the total length of cut, i.e. on the whole delagetion in front and behind, on the place of
breaking application on the cut.

4. SCIENTIFIC NOVELTY OF WORK AND MAIN RESULTS

1. An assembly is designed, providing an opporyuaitmodelling work environment
of supporting nodes of freight wagon bolsters wpassing curvilinear space intervals.

2. Experimentally proved friction parameters wegdirted in freight bogie bearing
node, depending on conditions of wagon body supmprbn bogie and the presence of
lubricant.

3. Bogie rotation antitorque moments towards wabodies of various types were
defined.

4. It is stated, that that the absence of lubrigansupporting nodes substantially
(approximately 1,7...2,4 times) increases bogiatia antitorque moment towards wagon
body.

5. Experimental researches showed that the intadlaf expansion rollers on bearers
substantially decreases bogie rotation antitorqoenent towards wagon body by factor of
4...6.

6. Wagon oscillation mathematical model for exarmaraof cut target breaking at
detaching at gravity hump yards is obtained.

7. A condition to define a state of increased o$lcut derailment when detaching at
gravity hump yards is conceived.

5. PRACTICAL VALUE OF W ORK

Basing on completed research, recommended guidelreee worked out in order to
decrease bogie rotation antitorque moment towagow body, eliminating the probability
of freight wagon derailment when passing curvilmg@ace intervals. Also, guidance is given
to choose cut braking mode when detaching at grdwimp yards in order to minimize
probability of derailment, providing safe formatiohcar sets.

6. WORK APPROVAL
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7. STRUCTURE OF WORK

The work consists of introduction, 4 chapters, dasions, list of references and
annexes.

| ntroduction includes thesis relevance argumentation; objecsigientific novelty and
practical value of work are conceived.

7.1. Status of the question. Problem investigation

In thefirst chapter, the statistics and analysis of freight wagon deraiit on Latvian
railway is presented for the period of 1997-200@.(E.1).
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Fig. 1.1. Statistics of total amount of freight waglerailment on Latvian railwayom
1997 to 2009

Amount of loaded and empty wagon derailment fron®71% 2009 is shown in
Fig. 1.2. Statistics shows the prevalence of emydgon derailment. Collected data gives
opportunity to see that there are cases of deratlwfevagons with high-positioned centres of
gravity. Gravity centre of tank-wagon is situat2@20 m above rail head, so for open
wagons this value reaches 1,742 m, for covered msag®,344 m, for ballast cars — 2,326 m.
The main part of derailments is referred to opegama and tank-wagons.
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Fig. 1.2. Wagon derailment ratio depending on weigh

Statistical data shows that the main part of dexeilts (41%) happened in period from
June to August, while dry weather. Dry weather waderailments are caused by a higher
friction coefficient between rail head and whedl paheel. Dry weather promotes increase of
friction coefficient both on side surface of thel @nd on thread surface. Due to friction
increase in contact area of system “wheel-railhditons appear for rolling of wheel flange
on rail head. The least number of derailments haggpevhen damp weather — 14% of total
wagon derailments (Fig. 1.3).

19%

14%

26%

41%

T41% - dry B 26% - snow 0 19% - rain O 14% - damp

Fig. 1.3. Connection between wagon derailment agatker conditions

According to statistics shown in Fig. 1.4, the l@ggamount of derailments happened
when detaching cuts at gravity humps and when pgssirvilinear space intervals.

11



6% 4%

23% 40%

27%

@ 40% - when detaching cuts at gravity humps

W 27% - when passing curvilinear space intervals
[0 23% - at station yards when shunting

[0 6% - on rail at maintenance

H 4% - on sections between stations

Fig. 1.4. Allotment of freight wagon derailmentrindl997 to 2009

Term “wagon derailment” is used quite informallydadue to this, can be understood
too generally. V. Lisyuk in [41] distinguishes wheair derailments due to rolling of flange
on rail head, due to temperature overshoot of dai to spreading of rail, due to car lift and
finally due to rail breakage. When discussing peablof derailments it is advised to use a
more precise term — “derailment of wagon wheel"pdir given work derailment due to
rolling of wheel flange over rail head is of pauti&r interest.

An assumption was set forward that one of the plgbaeasons for wheel pair
derailment when passing curvilinear space intercalsld be improper condition of wagon
body and bogie supporting nodes (Fig. 1.5). Exatianaof bogie bearing nodes of 17 tank-
wagons, 16 open wagons, 18 covered wagons, 14ptafand 14 grain carrier wagons sent
for roundhouse servicing and overall repair inroatl car shed of Daugavpils city showed
that 80...90% had no lubricant in supporting nodesl score marks and irregular wear of
friction surfaces “centre plate — bearing”, regasdl of wagon type. This was discovered upon
condition of wagon maintenance regulations supgpgiresence of lubricant in supporting
nodes.

Fig. 1.5. Wagon derailment due to bogie jamming

12



7.2. Freight wagon bogie rotation resistance of thimpact relative to its body

In_second chapter experimental researches were conducted in ordéguce out the
reasonableness of improper condition of supportindes — model 18-100 freight wagon
bogie rotation antitorque moment in bearing node defined.

Wagon passage of curvilinear space intervals isovodd by turn of centre
plate bogie towards bearing. The bearing is undatical load of 15 — 47 tf. Dry
friction between centre bowl and bearing createsmmt of friction forces that
prevents bogie from turning. Thereat, resistingcés in bearing prevent wagon bogie
from turning when moving from curvilinear spaceantal to straight one.

Information required to define bogie rotation aotque moment towards
wagon body was obtained using specially createdraiory assembly, shown in
Fig. 2.1. The following laboratory assembly allowewdelling freight wagon bolster
supporting node operating conditions when passingitinear space intervals.

In the conducted experiment, load on bearing wasdmitted by centre bowl
that was attached to wagon frame model. Wagon framedel as welded from two
channel beams of mass, =200kg. Symmetric freights of mass, (Fig. 2.1) were

placed on frame model. Two cases of centre bowlenle@dding were considered. In
first case, the freight was represented by wheél phpassenger wagon weighting
1400kg. In the second case, freight of 4k§was used.

E = % “A_ i ¥

Fig. 2.1. Experimental assembly for defining montanbogie rotation resisting force in
supporting node:
1 — frame, 2 — freight, 3 — central supporting natle model 1800 bogie,
5 — dynamometer and cable connected to jack

By force P, applied to frame model at the distance & 0,7/5m from the

central supporting node, rotation antitorque momeat defined, caused by friction
in supporting node. Value of forde, providing a visually recorded displacement in
moment of wagon body frame model displacement \ftigight towards bolster. The
registered displacement was frame model rotatioouad the centre of supporting
node.

Scheme of experimental measurement assembly isrshoWwig. 2.2.

13
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Fig. 2.2. Scheme of experimental assembly:
1 — body frame model; 2 — freight; 3 — bogie sugpay node; 4 — model 18-100
freight bogie; 5 — dynamometer; 6 — cable; 7 — jack

Variation of parameteA referred to distance change between freight massecand
track centreline. This was a way of modelling thpmosed displacement of freight in wagon
when passing curvilinear space intervals. Analytioadel of laboratory assembly (Fig. 2.1)
iIs shown in Fig. 2.3. When identifying loading otheme Fig. 2.3P = P, is used. Lower

index indicates application point. In particularglping forceP, applied in poin#4, is noted as
Pa.

2B
PA/A A F S

b) c)
Fig. 2.3. Analytical model for defining balance ddrons of laboratory assembly, loaded
with probing effect of forc@®a;
a - bolster,y —wagon body frame model

7,.€,,k, — basis rigidly bound with wagon frame model,
T,.€,,k, — basis rigidly bound with bolsteg,, — angle of bolster rotation around
crossheading , ¢, — angle of frame rotation around crossheading

14



A system of five equations of laboratory assemialiabce is the following:

0=P,-F +N]
0=-G,sing, —G,sing, + Ng + N
0= -G, cosp, ~G,cosp, + N + N (1)

0=1p5,G,SiNg, +15,, G, cOSP, +1,c G, SiNg 1, N5
0= lDAPA _IDBFBfr - Lg

In (1) P, — the value of probing force applied to body framedel in point A;
F." — the value of friction load appearing in point By, N, — normal reactions in bearer B
and centre bowl DG, =m,g, G, =mg, whereg — gravitation accelerationg, — bolster
deflection angle from horizontal,., = 0,1 m — distance from point D till mass centfe o
wagon frame;l,,, = 0,23 m — distancd, at which the freight is moved in the direction of
bearer towards the centrg,, = 0,475m — distance from point W till mass centre of load
placed on wagon framel,; — distance from point D till bogie bearer,, = 0,75 m;
I, — distance from point D till probing force applicm point, I,, = 0,75 m;¢, — frame

model angle of deflection from horizontaly — point resistive torque appearing in bearing D
(Fig. 2.3).

Suggestions about Coulomb type friction offer thlofving correlations forl! and
FBfr

LG = 6Ny, B = NS @
In (2) 8 and f " — parameters of Coulomb friction.

For supporting reactionds and N§ from (1) we get

I I
Nf = { ch° G,sing, +(IID—WCOS¢V +|£sin¢y]61}
DB DB DB

3)
NK = (cos¢a —llD—COSin¢ijO +Hcos¢a —IID—Wcos¢y —Iﬁsinﬂﬁy}%}.

DB DB IDB

The fifth equation of system (1) shows that theestd limit equilibrium is disrupted,
when the following inequality is satisfied

IDAPA > Lg +|DB FBfr (4)

Inequality (4) is a condition of laboratory asseynddjuilibrium. In the experiment, the
satisfaction of such condition is reached througitiolled increase oP, value.

On the left in (4) is the experimentally measuratlig, on the right — a combination of
friction-generated stresses, exerting form wagatyboodel on bolster. The given correlation

15



allows making conclusions about limit values of gon reaction combinations preventing the
rotation of bolster (as well as bogie) towards wagody.

The aim of measurements done using laboratory dggemthe definition of friction
parameter values & and f ", depending on supporting node condition.

When wagon frame model is supported by bolsterdveanly, the contact between
frame and bearer is abseft = . 10 this case,

Ny, =G, +G, )

That is why correlation (4), taking into accoun), (2llows relating experimentally
measured forcd>, through friction parametef to weight of load supported by bolster

IoaPy = N, (6)

Program of experiment consisted of the followingige

— with lubricant in supporting node and on bearers;

— without lubricant in supporting node and on besgre

— experiments were conducted in case of puttingyicey rollers on bearers. Rollers
were used in a quality of expansion rollers (Fig)2

Fig. 2.4. Experimental assembly scheme:
1 — body frame model; 2 — load; 3 — bogie suppagrtiode; 4 — type 18-100 freight
bogie; 5 — dynamometer; 6 — cable; 7 — jack; 8 paarsion rollers

Obtained values of parameté at symmetric configuration of wagon frame with
loads are shown in Table 2.1.

Table 2.1.

Values of friction parameteff, obtained in various experimental conditions fodeaf
1600 kg and 650 kg

Experiment No Load weight 15680 N | Load weight 6370 N
' Coefficient 8 with lubricant in supporting node
loaPs s NM 7] loaPs s NM 6
1 297.92 0.019 114.66 0.018
2 329.28 0.021 127.40 0.020
3 313.60 0.020 108.29 0.017

16



Experiment No.

Coefficient 8 at dry friction in supporting node

loaPs, NmM 7, | oaPs, NmM 6
1 548.80 0.035 210.21 0.033
2 439.04 0.028 229.32 0.036
3 470.40 0.030 222.95 0.035

Experiment No.

Coefficient & with sand dust in supporting node

loaPs, NmM 7, | oaPs, NmM 6
1 721.28 0.046 299.39 0.047
2 658.56 0.042 318.50 0.050
3 705.60 0.045 286.65 0.045

Mean values of parameté},, for every state of supporting nodes are as follawth
lubricant in supporting nod&g,, =0, 01@t dry friction in supporting node€g, ., =0, 033
with sand dust in supporting nodg,, =0, 046

Knowing mean value of parametef,, and having measured value Bf, friction
parameterf " is defined for correlation

IDAF)A = Hmeng + f frIDBNBK (7)

in which values of normal reaction$s and N5 are calculated according to (3), pursuant to
Aand anglg, = 001

Obtained values of friction paramefef, defined from correlation (7) are presented
in Table 2.2.

Table 2.2.

Values of friction parametdr™ , obtained in various experimental conditions tmds of
1600 kg and 650 kg

Load weight 15680 N | Load weight 6370 N
With lubricant
loaPs s Nm 6, o £ loaPy, NmM 6, o £
467.95 0.019 0.181 125.03 0.019 0,147
At dry friction
loaPs s Nm 6, o £ loaPs, NmM 6, o £
565.95 0.033 0.210 229.50 0.033 0.255
With sand dust
loAPs s Nm 6. fr loaPs, NmM 6. £
845.25 0.046 0.301 311.25 0.046 0.328

According to the results of experimental measurémearesented in Table 2.1 and
Table 2.2, mean values of friction paramey, and parameterf ' are defined. Mean

valuesd,, and f "  are presented in Table 2.3.

17



Table 2.3.

Mean values of friction parametéy,, and f ",

With lubricant Dry friction With sand dust
O o O o O o
0.019 0.164 0.033 0.232 0.046 0.314

Values of friction parameters, presented in Tabk 2an be used when estimating
certain wagon bogie antitorque moment value on itoear space intervals. They allow
defining antitorque momen¥l,, for arbitrarily loaded freight wagons accordingT).

Results of M,, calculation for empty freight wagons are shownTible 2.4, for

loaded wagons — in Table 2.5 accordingly. The datmns were conducted for one bogie,
supposed that the load is distributed symmetricaltytwo wagon bogies for eight-wheel

wagons.
Table 2.4.
Antitorque moment valueM . for empty wagons
Antitorque moment M, with lubricant
when loaded frameg when loaded frame and with Ic_>aded
: . frame basing on
basing on bolster| basing on centre
centre bowl and
centre bowl only, bowl and one of .
rollers, installed on
Nm bearers,Nm
bearer,Nm
Tank-wagon 1298.11 1481.24 1264.92
Open wagon 1186.88 4462.14 593.17
Hopper wagon 1186.88 6019.38 310.88

Antitorque moment M, without lubricant

when loaded frame
basing on bolster
centre bowl only,

when loaded frame
basing on centre
bowl| and one of

and with loaded
frame basing on
centre bowl and
rollers, installed on

Nm bearers,Nm
bearer,Nm
Tank-wagon 2257.84 2505.73 2200.10
Open wagon 2064.37 6498.00 1031.71
Hopper wagon 2064.37 8606.01 540.72

Antitorque moment M, with sand

dust present

when loaded frame
basing on bolster
centre bowl only,

when loaded frame
basing on centre
bowl| and one of

when loaded frame
basing on centre
bowl and rollers,
installed on bearer,

Nm bearers,Nm N
Tank-wagon 3143.52 3476.92 3063.13
Open wagon 2874.17 8837.10 1436.42
Hopper wagon 2874.17 11672.23 752.82

18



Table 2.5.

Antitorque moment valueM ., for loaded wagons

Antitorque moment M, with lubricant

when loaded frame
basing on bolster
centre bowl only,

when loaded frame
basing on centre
bowl| and one of

when loaded frame
basing on centre
bowl and rollers,
installed on bearer,

Nm bearers,Nm Hu N
Tank-wagon 6868.46 27576.71 4174.26
Open wagon 7592.43 29091.99 3695.11
Hopper wagon 7512.93 37394.58 1751.50

Antitorque moment M . without lubricant

when loaded frame
basing on bolster
centre bowl only,

when loaded frame
basing on centre
bowl| and one of

when loaded frame
basing on centre
bowl and rollers,
installed on bearer,

Nm bearers,Nm Nm
Tank-wagon 11946.46 40324.65 7260.38
Open wagon 13205.68 42309.11 6426.99
Hopper wagon 11924.67 53404.94 3046.42

Antitorque moment M., with sand

dust present

when loaded frame
basing on bolster
centre bowl only,
Nm

when loaded frameg

basing on centre

bowl and one of
bearers,Nm

when loaded frame
basing on centre
bowl and rollers,
installed on bearer,

Nm
Tank-wagon 16632.71 54873.34 10108.42
Open wagon 18385.89 57528.05 8948.121
Hopper wagon 16933.29 72420.64 4241.45

The results of experiments showed that the stateotster supporting nodes affects
substantively the value of moment influence thavpnts bogie rotation around centre pivot.
In comparison with friction parameter valug referred to properly lubricated supporting
nodes, the values of the same parameter appear2}47times bigger when not lubricated.
Approximately analogue correlation is obtainedgarameterf " . The presence of sand dust
aggravates the case.

It is recommended to prefer new age bogie wagoneginigaelastic roller
bearings on bolsters, because the supporting ofowagpdy on expansion rollers,
when passing curvilinear space intervals, provides6 tuple decrease of bogie
antitorque moment towards wagon body by the sidgaditional construction. Given
provisions will promote a substantial reductionsafpporting node, wheel pair flange
and rail head side flange wear, as well as willrdase wagon derailment probability
when passing curvilinear space intervals.
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7.3. Cut braking modelling for sorting hill

According to the statistics, 40% of derailments batvian railway happen
when detaching wagons at gravity humps. Connedbieiwween wagons, the design of
spring suspension and other objective circumstamresondition the probability of
wagon cut disturbing moments when moving on raih Wescapable result of cut
breaking operation is the appearance of longitudishgnamics in cut that causes
rolling motion and cut car body pitching due to @gsfeatures (Fig. 3.1).

C) d)
Fig. 3.1. Typical movements of rail carriages:
a — wagon pitchingp — bouncing;c — lower rolling motion;
d — upper rolling motion

The mentioned wagon body movements are related agow spring set
deformations (Fig. 3.1). Such deformations are bason for several spring sets to
pass into extended state after being pressed uhéedead weight of wagon, and so-
called unloading appears. The extent of springwsdbading is one of factors that
define the stability of “wheel — rail” contact. Thextended state of buffer springs
weakens this contact. The passage of buffer sprimgs extended state can be
interpreted as unloading of wheel and rail threadfaece. Service experience affords
ground for an assumption that unloading eases ofleng of wheel flange over rail
head. According to the first and second chaptdrs,diven circumstance is naturally
referred to the appearance of favourable conditionghe loss of contact between the
wheel and the rail, i.e. with the increase of whea&ir derailment possibility.

In_the third chapter differential equations of retarding mechanism-proed
wagon body movements are given, describing theasin when detaching cuts at
gravity hump yards.

The movement of chain consisting of four springrimelements in unit vector
plane T and k (Fig. 3.2) is considered as a model. The first éimel last bodies of
chain modulate the features of cut head and tatwigen them a so-called emergency
cut member is situated, consisting of two springneoelements.
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Fig. 3.2. Cut reference configuration before

breaking action Fig. 3.3. Configuration of breaking cut

The first and the last inertial element of the ohhave no opportunity of vertical
movements, so the theoretical system has two degreeedom: movement of the whole
chain along guide rail, and conformal rotation of emergency member elesardund axis

in parallel with crossheading (Fig. 3.3), assumed by, = ¢, =¢ applied to the system.
Elastic forces appearing in spring sets are destras follows:

FBelI = F;Il.,st.initial _CV(IAUOI +IElBl)Sin¢
l:DeI1 = F[i"g'initial _CV(IAOOl _|ElBl)Sin¢
FE?'2 = FB‘z"’S"i”‘“aj =C, (0, ~les,)SiNg

d el st.initial .
Fo, = F5, "™ =¢,(Ipo, *lgg,)SING

(8)

In (8) 1,0, — distance between automatic coupling till thedtecbf the first wagon of
emergency memberl.; — second part of the first emergency member wabasis;
|0, — distance between automatic coupling till thedtedf the second wagon in emergency
element; Fy <™, FJ*™ — elastic power of static compression of the finstl the second

bogie of the first wagon in emergency elemeRf "™, F2*"™" — elastic power of static

compression of the first and the second bogie efsdicond wagon in emergency element,
@ — turning angle of every wagon in emergency memlegr— vertical spring stiffness
(Fig. 3.3).

Lagrange’s equations of the second kind used talada equations of movements in

spring borne chain with two degrees of freedomtted system of the following system of
differential equation system:

u.0 = U, ¢ =,
Wy = (B8 — %)) (~a, R ~a,09) ©)
ul1 = (a11azz - "5‘12‘5‘21)_1(_azzpzbr - aizg¢)

Here the following notations are used:
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a,; =(m; +m +m,+m)

a, =[Mzoc, ~MZo ]

A =M(la0@+20c) *M((an t1a0,)0~2Z0c,) T M(lan T1an )P (10)
8, =M (lno, *Z0c) ¥ + 352 +mlL, =2ml, ol +m (12, +12,)

br — _pbr _ pbr _ pbr _ pbr
R =-RY PRy -Py - P

9=G,z5¢, 6,7, +G|l OF, _GzlozEz -

_Cv(leol _IElBl)Z _(-\'V(I,Aoo1 +|E131)2 -
+1 (11)

_CV(IA202 +IE282)[|A0A1 _IAio E2D2] -

_CV(IA202 _IEZBZ)[IAUAl _IA102 _IEZBZ]'

Initial conditions corresponding to the breakage uoideformed cut that reaches
retarder position at a speed\gf, are

U,(0) =0,4(0) = 0.4, (0) = 0,U,(0) =V, (12)

The abovementioned system of two differential (Q)aions is easily calculated using
the features of MathCad program. The obtained @qnsftully describe the movement of cut
along the way on an interval after retarder positithereat, in process of calculation not only
the information about amplitude of transversal @aroscillations is obtained, which allows
estimating regime of breaking in view of providiagvheel pair derailment safety, but defines
the movement of the cut along the guide as a wi8ie.equation data can be used to solve
tasks of target breaking. They allow predictingdibudinal speed of the cut as a result of
breaking intensity on space interval after positbibrake application.

As the contact between the wheel and the rail & dbnsidered system shown in
Fig. 3.2 and Fig. 3.3 is irretentive, operable bufprings of any emergency member wagon
must remain abutted. Static deformation of sprimgpgnsiond,, made by wagon weight, is

designed basing on conditions providing requiretk rperformance of wagon. Herewith,
oscillation frequency of wagon body should be redlid he least is reached through increase
of spring suspension compliance. Unloading requiygsamic deformation of buffer springs
while oscillating on the stage of extension to extstatic compression of buffer springs by
its own weight, i.e. cumulative value in bracketsetastic power formulas (8) must turn
negative from positive. It is obvious that whenakieg this condition through equations (9),

monitoring of F,;‘l in formulas (8) is absolutely enough. Regulatiaffer the following

values of unloading levels for freight wagon bogrekaded staté s o, = 0.045...0.065 m, in
empty stated ;= 0.006...0.009 m.
Spring kit relief angle provides the following erpsion:

AH
(Ino, *les)

Uy = (13)

Where Ay — bogie spring kit statistical curve, , — distance between automatic

coupling till the middle of the first wagon of engency member|., — second part of the
first emergency member wagon basis.
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7.4. Volatility study brake line

The fourth chapter offers solutions of differential equations usingAWH CAD
features. Cut length, types and models of freighgons and their loading level varied when
solving differential equations. Braking force valwariations due to friction coefficient
change, depending on weather and car set wereatsidered. Friction coefficient decreases
substantially in winter, when damp weather and bseaof transported items (salt, sugar,
potash fertilizers, etc.), which appear on whedl @ad decrease friction coefficient. Cuts of
two, three, four, six and ten wagons were expldeedlefine oscillation amplitudes. Both
loaded and empty cuts were considered. Situatidmsnwiriction coefficients between the
wheel and brake bar is 0,08; 0,1; 0,15 and 0,2.

Fig. 4.1. shows the location of two wagon cut otanger position. Below are the
amplitude variation of the anglg, arising from the occurrence of empty and lademooked

from the tanks into the braking position of the m@dor, when the coefficient of friction
between the pair of wheels and brake system beual to 0,08; 0,1; 0,15; 0,2.

" L b
ko 0% oo o
i 2
1 — emergency membe2;— retarder position
@.rad Level of unloading @ rad Level of unfoading
0.001 /,/ : : 0,005}l
0
7Nz
=0.001 i 1 1 -0.005
2l 001
0 02s 05 071 L sec 0 05 1 15 f sec
1) 1))

Fig. 4.1. Amplitudes of angl¢ changes for the first wagon of cut, consisting tdnk-
wagons, approaching retarding interval at the speed,ofappearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus —0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut

Fig. 4.2 and 4.3 show two locations of retarderitpmss of cut emergency member,
consisting of three wagons. Oscillation amplitudéangle ¢ change appearing when empty

and loaded cut of covered wagon are entering fiegrithterval, when friction coefficient
between wheel pair and brake bar is 0,08; 0,1;;@15 are presented below.

2 i
n

™ I b b

o il e

—
1 — emergency membe2;— tail part;3 — retarder position
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Fig. 4.2. Amplitudes of angl¢ changes for the first wagon of cut, consistin@ obvered
wagons, approaching retarding interval at the speet,ofippearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut
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1 — head2 — emergency membe3;— retarder position
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Fig. 4.3. Amplitudes of angl¢ changes for the first wagon of cut, consistin@ obvered
wagons, approaching retarding interval at the speet,pfippearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut

Fig. 4.4, 4.5, 4.6 show the location of emergenaminer cut of four wagons on
retarder position. Oscillation amplitudes of angte changes appearing when empty and
loaded cuts of four platform are entering retardimtgrval, when friction coefficient between
wheel pair and brake bar is 0,08; 0,1; 0,15; 0,2.

24



2 {
v

wl —L-'J L’fl L‘J 1\'\
—cfp _oFp oln ofe oo oo o  ofn
%
1 — emergency membe2;— tail; 3 — retarder position
- Level of unloading @.rad Level of unioading
kg
75407 .f \f A \ 73 oo —~ 3 — 4
/ SN~
| N
I 2
1510 * -0.005 !
-amlju 0.5 1 15 & sec _D'mn D..S 1 15 4 sec
1) )

Fig. 4.4. Amplitudes of angl¢ changes for the first wagon of cut, consisting pfatform,
approaching retarding interval at the speed,ofappearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut
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Fig. 4.5. Amplitudes of angl¢ changes for the second wagon of cut, consistiry of
platform, approaching retarding interval at the speeg,ofappearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus - 0,2;
| — empty cutjl — loaded cut
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Fig. 4.6. Amplitudes of angl¢ changes for the third wagon of cut, consisting pfatform,
approaching retarding interval at the speed,ofappearing as a result of braking:
1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;
2 line, coefficient of friction between the pairwheels and brake system bus - 0,1;
3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;
4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut

Fig. 4.7, 4.8, 4.9 show the location of emergen@miner cut of six gondola on
retarder position. Cases of braking were considévedhe first, the third and the fifth cut
wagons. Oscillation amplitudes of angbe changes appearing when cut is entering retarding

interval, when friction coefficient between wheealmand brake bar is 0,08; 0,1; 0,15; 0,2.
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Fig. 4.7. Amplitudes of angl¢ changes for the third wagon of cut, consisting open
wagon, approaching retarding interval at the speed,pfippearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut
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Fig. 4.8. Amplitudes of angl¢ changes for the third wagon of cut, consisting open

wagon, approaching retarding interval at the speed,pfippearing as a result of braking:
1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;
2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;
3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;
4 line, coefficient of friction between the pairwheels and brake system bus - 0,2;

| — empty cutjl — loaded cut
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Fig. 4.9. Amplitudes of angl¢ changes for the third wagon of cut, consisting open

wagon, approaching retarding interval at the speed,pfippearing as a result of braking:
1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;
2 line, coefficient of friction between the pairwheels and brake system bus —0,1;
3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;
4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;

| —empty c

utjl — loaded cut

Fig. 4.10, 4.11, 4.12 show the location of emergenember cut of ten hoper cut on
retarder position. Cases of braking were considéwedhe first, the fifth and the ninth cut
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wagons. Oscillation amplitudes of angbe changes appearing when cut is entering retarding
interval, when friction coefficient between wheaimpand brake bar is 0,08; 0,1; 0,15; 0,2.
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Fig. 4.10. Amplitudes of anglg¢ changes for the first wagon of cut, consisting @hoper
cut, approaching retarding interval at the speed,ofappearing as a result of braking:
1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;
2 line, coefficient of friction between the pairwheels and brake system bus — 0,1;
3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;
4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut
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Fig. 4.11. Amplitudes of anglg changes for the fifth wagon of cut, consistind 6hoper

cut, approaching retarding interval at the speed,ofappearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus —0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut
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Fig. 4.12. Amplitudes of anglg¢ changes for the ninth wagon of cut, consistinfj®@fioper
cut, approaching retarding interval at the speed,ofappearing as a result of braking:

1 line, coefficient of friction between the pairwheels and brake system bus — 0,08;

2 line, coefficient of friction between the pairwheels and brake system bus —0,1;

3 line, coefficient of friction between the pairwheels and brake system bus — 0,15;

4 line, coefficient of friction between the pairwheels and brake system bus — 0,2;
| — empty cutjl — loaded cut

Obtained results give ground for an assumption tth&imost derailment-safe braking
Is to be applied in the middle of the cut. Basimgcalculations, the following recommended
guidelines are worked out to decrease the numbeteddiiments when detaching cuts at
gravity humps:

1. When detaching cuts in dry weather and when frictioefficient between wheel
pair and brake bar is 0,2, the brakes must notpipdieal to the first bogie of the
wagon entering lifter retarder. The following idated to cuts consisting of 36..
empty wagons and cuts of 5...8 loaded wagons.

Braking in the middle of the cut is the most denaiht-safe and effective solution.

When detaching cuts in snowy and rainy weatherwali as in case of

detaching wagons with rusty, freshly painted whemhs and wagons

carrying molasses, friction coefficient is reduded0,08...0,15 when braking
with retarder. This is the reason why unloadingspfing suspension does not
happen when applying brakes on the first bogiehef first wagon, because the
applied impulse of braking is reduced substantiallge main task here is the
reduction of speed to the predetermined value.

wnN

8. CONCLUSION

The work offers solutions for the following assigrtasks:

1. The statistics of freight wagon derailment on Latvrailway in period 1997-2009
was collected, analyzed and systematized in ordeestimate the extent of
problem aggravation. 40% of derailments referreccud detachment at gravity
yards, 27% of derailments happen when passinglmear space intervals.
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2. The state of freight wagon bogie supporting nodas examined of wagons sent
for roundhouse servicing and overall repair in Dawmls city engine house.
Research showed that freight wagon bogie supportmagles work in
circumstances of dry friction at high contact puees between repairs.
Investigation of roller bearing nodes showed thatizontal and vertical work
surfaces of centre pivot and roller bearing wearquially; there are score marks
where sand dust collects. There are also markgyofrattion, unequal wear of
vertical surfaces “centre pivot-bearing”. As a tesd investigations, it was stated
that the most intensive wear of pivot supportingase is situated on internal side
of bolster (pivot surface inward wagon).

3. An experimental assembly is designed, allowing g@pootunity of defining
parameters that describe friction between bolstervaagon frame in supporting

nodes. The following mean values were receivecpbvameterd, ,, depending

on supporting node condition:
- with lubricant in supporting noded, ., =0, 019

- at dry friction in supporting nod#] ., =0, 033
- with sand dust in supporting nod2,, =0, 046

Mean values for parametefr”, when frame supported by bolster supporting
node and one of bearers are as follows:
- with lubricant in supporting nodef,", = 0,164

- at dry friction in supporting nodef,", =0, 232
- with sand dust in supporting nodg, =0, 314

4. Experimentally defined Coulomb friction parametenssupporting nodes
allowed defining bogie rotation antitorque momeowards wagon body of
various types. Antitorque rotation moments for eynfank are as follows:

Q with lubricant and when loaded frame supported only by bolster
bearing —1298,1Nm, when loaded frame supported by bolster bearing
and one of bearers — 1481,Rdn, when loaded frame supported by
bolster and carrying rollers — 1264 8fh;

Q without lubricant when loaded frame supported only by bolster
bearing —2257,84im, when loaded frame supported by bolster bearing
and one of bearers — 2505,RBn, when loaded frame supported by
bolster and carrying rollers — 2200 ,ifn;

Q with fine sand dust and when loaded frame supported only by bolster
bearing — 3143,598m, when loaded frame supported by bolster bearing
and one of bearers — 3476,8Bn, when loaded frame supported by
bolster and carrying rollers — 3063 118,

Antitorque rotation moments for loaded tank ardakws:

Q with lubricant and when loaded frame supported only by bolster
bearing — 6868,48lm, when loaded frame supported by bolster bearing
and one of bearers — 27576,Rin, when loaded frame supported by
bolster and carrying rollers — 4174 Rfn;

Q without lubricant when loaded frame supported only by bolster
bearing —11946,46Nm, when loaded frame supported by bolster
bearing and one of bearers — 4032486, when loaded frame
supported by bolster and carrying rollers — 726088

Q with fine sand dust and when loaded frame supported only by bolster
bearing — 16632,7INm, when loaded frame supported by bolster
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bearing and one of bearers — 548739, when loaded frame
supported by bolster and carrying rollers — 101D8\dh;

. Experimental researches showed that the installatib expansion rollers on
bearers substantially decreases bogie rotatiomogguie moment towards wagon
body by factor of 4...6. It is recommended to prefew age bogie wagons
having elastic roller bearings on bolsters. Giveovosions will promote a
substantial reduction of supporting node, wheelr ginge and rail head
side flange wear, as well as will decrease wagomitteent probability
when passing curvilinear space intervals.

. It is experimentally proved that the absence ofrilcdnt in bogie supporting
nodes considerably increases bogie rotation ampiter moment towards
wagon body. Lubrication of freight wagon bogie sappmg node must be
done once in 1,5 years, marking lubrication datewagon body or frame.
There is currently an opportunity of freight wag@upporting node
lubrication when sent to current uncoupling repdir. case of lubricant
absence in supporting node bogie rotation antiterqnoment towards
wagon body increases 1,7...2,4 times, conducing wéaupporting nodes,
wheel pair flanges, side edges of rail heads whassing curvilinear space
intervals and promoting the likehood of derailment.

. An analytic model is offered, presenting a sprihgio of absolutely rigid bodies,
giving an opportunity to study the oscillations ofit wagons provoked by
application of brakes on gravity hump. The obtaiegdations of system with two
degrees of freedom describe cut movement alongrdatlieon an interval after
retarder position. The designed mathematical modelbe used to solve tasks of
cut target braking at gravity humps. The resultsthadoretical analysis of cut
wagon dynamics when braking at gravity humps confine possibility of short-
term unloading of spring sets of separate wagons.

. When detaching wagons in dry weather, at frictioefficient between retarder
brake bar and the wheel equal to 0,2, the brakest mat be applied on the
first bogie of wagon reaching lifted cut retarder:fcuts of 3 to 6 empty
wagons and cuts of 5 to 8 loaded wagons. The optimagime of cut braking
is the application of braking on wagons in the nedaf the cut.

. Wagons with friction coefficient between brake laad wheel rim is 0,08 to
0,15 (wagons with rusty, freshly painted wheel riarsd wagons carrying
molasses, when detaching in winter and rainy waatban be retarded by
applying brakes on the first wagon bogie reachirited retarder. In this
case unloading of spring sets does not appear.
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