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Abstract. The article is aimed to construct the plots of speed range change, at which the
necessary and sufficient condition of wheel rolling onto the rail head is satisfied, on the basis of
generally accepted methodologies of the wheelset off-loading calculation. First of all, for the specific
example, it is necessary to define the value of the train motion speed, at which it takes place the
largest whedl off-loading on the curved section of the track with the existing oblique, to determine
the minimal height of the oblique, at which the change of the train speed will not lead to the
satisfaction of the necessary condition of whesel rolling onto the rail head. One should also construct
a generalized scheme of checking the conditions of the rolling stock derailment if there is a railway
track oblique of the certain value.

In order to determine the influence of the train motion speed on the satisfaction of conditions
of the car wheel rolling onto therail head, it is necessary to solve the system of differential equations
that describes the motion of the over-spring part of the rolling stock on the oblique track section
under the influence of the forces applied to it.

As a result of research carried out, there was obtained the value of train motion speed, at
which the largest off-loading of the car whedl on the curved track section with oblique takes place.
There was defined the minimal oblique value, at which the change of the train motion speed will not
lead to the satisfaction of the necessary condition of the wheel rolling onto the rail head. There were
constructed the plots of changing the speed range, at which the necessary and sufficient condition of
car wheel rolling onto the rail head is satisfied. In the article, there was constructed the generalized
scheme of checking the conditions of the rolling stock derailment if thereis arailway track oblique.

There were determined the speed ranges, at which therolling stock derailment may occur if there
is arailway track oblique of the certain value There was defined the value of the train motion speed, at
which the largest off-loading of the car whedl on the track curved section with the skew takes place.

The obtained dependencies may be used for defining the safe range of the train motion speeds
on the track sections with oblique of the certain value. They may be also used while carrying out the
forensic railway-transport examinations.

Keywords: train motion speed, necessary and sufficient condition of rolling onto, ablique,
freight car, curved track section.

Introduction

If the railway crew is on the track in a static position, so only the weight of this crew acts upon the
track. Herewith, the reactions of rails act upon the whedls of the crew. The sum of these reactionsis equal
to the weight of the crew. During the motion of the crew, the interaction between the track and the rolling
stock is much more complicated [1; 2; 3].

The sources of excitation of various oscillatory processes are the existing tolerances, which occur
while manufacturing and maintaining the rolling stock and the track [11].

Asitisindicated in [5; 12; 13; 14], the oblique of therails lines is the source of forced oscillations of
the over-spring body of the transport crew. Eventually, these oscillations cause the occurrence of dynamic
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loads, which act upon the elements of the structure of the rolling stock and of the railway track. If the
dynamic load is less than static one, so the off-loading of the investigated element occurs. And if the
dynamic load is larger than static one, so there is the overloading of this element [4; 6].

Problem statement

The analytical expression of the necessary condition of the car wheel ridge rolling onto the rail head
(Fig. 1) has thefollowing form:

P <R, D
where Pj is the actual load influencing the whed; Pl* is the load acting upon the whedl, at which the
process of whed rolling onto therail starts.

The load acting upon the whedl, at which the process of whed rolling onto the rail starts, may be
determined by the following expression [7; 8]:
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where C =(Py + P,) is the static load acting upon the wheelset; b, is the distance between the point of

application of the force P, and the middle circle of rolling of the second wheel; r is the radius of the

wheel; G isthe weight of the wheelset; 2| is the distance between the circles of rolling of the wheels; by

is the distance between the point of application of the force P; and the middle circle of rolling of the

) 2

second wheel; Y, istheframeforce[1; 9; 10].

Fig. 1. Calculation diagram of force interaction between the track
and therolling stock when passing the track irregularities
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Let usdeterminetheforces P, and P, using thefollowing formulas [8]:
RI. = PCTl - D;[lv (3)
P, =FRa2+Dn, 4
where D,; isthe off-loading of the wheel 1 if thereis the railway track oblique.
The value of the whedl off-loading may be determined by the following formula[8]:
rrta 0
e, ©)
g b g
where a istheangle of the body inclination when the car runs along the railway track with the oblique.
Using the formula presented in [7], the angle of the body inclination when the car runs along the
railway track with the oblique may be determined as follows:
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The frame force may be defined by the following formula [9; 10]:
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Let us present the case of satisfaction of the necessary condition of the wheel rolling onto the rail
head in Fig. 2.

0 y / f sec
Fig. 2. The plot for checking the necessary condition of the wheel rolling onto the rail head

The satisfaction of the necessary condition of the wheel rolling onto the rail head does not indicate
the fact of therolling stock derailment. In this case, the wheelset may start moving in the opposite direction
without rolling onto the active surface of therail. Therefore, it is necessary to check the satisfaction of the
sufficient condition for the wheel ridge rolling onto the head of the rail (Fig. 3). The detailed procedure of
checking the sufficient condition of the wheel rolling onto therail head is presented in [8].

The calculation was made for the following initial data: r =0.475m, G=2075kN, L=8m,

¢=196.2x0%N/m, R=275m, h=90 mm, J, =11.9 t(force) xm>s*, G, =14.126 kN, S=1.6 m.

The calculation was made for the covered four-axle car with the unworn running parts, which moves
along the curved track section with the existing oblique.

Using the above presented methodol ogy, the values of the wheelset whedl off-loading for a range of
velocities of v=20- 45 km/h with the step of 1km/h were calculated. The following values of the height

of therails lines ablique were taken into account: 20, 30, 37, 45 knvh.
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Fig. 3. The plot for checking the sufficient condition of the whed! rolling onto the rail head

will be analogous to the presented one.

Table 1
Off-loading the loaded car wheel at the height of irregularity 0.01 m
Value of the force at different speeds of the train motion
t 20 km/h 30 km/h 37 km/h 45 km/h
pl*,kN R, kN Pl*,kN R, kN Pl*,kN R, kN Pl*,kN R, kN
0 20,63 94,79 21,48 100,28 22,28 105,42 234 112,62
0,1 20,63 100,64 21,48 108,32 22,28 114,63 23,4 122,72
0,2 20,63 102,21 21,48 107,55 22,28 110,67 234 113,58
0,3 20,63 97,68 21,48 95,8 22,28 92,37 234 87,53
04 20,63 88,1 21,48 77,95 22,28 70,21 234 64,82
0,5 20,63 77,1 21,48 63,71 22,28 59,94 234 66,54
0,6 20,63 69,43 21,48 62,72 22,28 72,25 234 95,98
0,7 20,63 69,1 21,48 79,36 22,28 104,86 234 133,91
0,8 20,63 77,67 21,48 109,52 22,28 141,56 234 152,31
Table 2
Off-loading the loaded car wheel at the height of irregularity 0.02 m
Value of the force at different speeds of the train motion
t 20 km/h 30 km/h 37 km/h 45 km/h
pl*,kN R, kN Pl*,kN R, kN Pl*,kN R, kN Pl*,kN R, kN
0 20,63 94,79 21,48 100,28 22,28 105,42 234 112,62
0,1 20,63 106,75 21,48 117,09 22,28 125 234 134,61
0,2 20,63 110,53 21,48 1174 22,28 120,09 234 120,94
0,3 20,63 102,23 21,48 96,18 22,28 87,22 234 74,64
04 20,63 83,71 21,48 62,43 22,28 46,05 234 33,97
0,5 20,63 62,03 21,48 34,74 22,28 26,59 234 38,86
0,6 20,63 46,49 21,48 31,76 22,28 49,53 234 95,61
0,7 20,63 45 21,48 62,57 22,28 111,42 23,4 167,11
0,8 20,63 60,97 21,48 120,43 22,28 181,56 234 198,35
Graphic dependence of B on t; ispresented in Fig. 4. For the other values of h , these dependences
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Table 3
Off-loading the loaded car wheel at the height of irregularity 0.0213 m
Value of the force at different speeds of the train motion
t 20 km/h 30 km/h 37 km/h 45 km/h
R.kN | R.kN | B kN | RKN | B ,kN | R.KN | B kN | R,kN
0 20,63 94,79 21,48 100,28 22,28 105,42 234 112,62
0,1 20,63 107,53 21,48 118,22 22,28 126,34 234 136,15
0,2 20,63 111,6 21,48 118,66 22,28 121,3 234 121,89
0,3 20,63 102,81 21,48 96,22 22,28 86,55 234 72,96
04 20,63 83,14 21,48 60,42 22,28 42,93 234 29,98
0,5 20,63 60,08 21,48 31 22,28 22,28 234 35,26
0,6 20,63 43,53 21,48 27,74 22,28 46,55 234 95,51
0,7 20,63 41,87 21,48 60,34 22,28 112,2 234 171,38
0,8 20,63 58,78 21,48 121,77 22,28 186,7 234 204,3
Table 4
Off-loading the loaded car wheel at the height of irregularity 0.025 m
Value of the force at different speeds of the train motion
t 20 km/h 30 km/h 37 km/h 45 km/h
R.kN | R.kN | B ,kN | R,kN | B kN | R.,kN | B ,kN | R,kN
0 20,63 94,79 21,48 100,28 22,28 105,42 234 112,62
0,1 20,63 109,8 21,48 121,47 22,28 130,19 234 140,55
0,2 20,63 114,68 21,48 122,3 22,28 124,77 234 124,59
0,3 20,63 104,47 21,48 96,32 22,28 84,6 234 68,16
04 20,63 81,47 21,48 54,64 22,28 33,97 234 18,54
0,5 20,63 54,47 21,48 20,26 22,28 9,88 234 2491
0,6 20,63 35,02 21,48 16,18 22,28 37,94 234 95,19
0,7 20,63 32,89 21,48 53,87 22,28 114,39 234 183,6
0,8 20,63 52,45 21,48 125,53 22,28 201,44 234 221,37
BN
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Fig. 4. The plot for checking the necessary condition of the wheelset rolling onto
therail head at u =37 km/h, h =0.0213m

I,seC

Subsequently, the calculations of the speed range change, at which the necessary condition of the whedl
rolling onto therail head is satisfied, were carried out and the corresponding plots were constructed (Fig. 5).
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Fig. 5. The plot for checking the necessary condition of the wheel rolling onto
therail head at different speeds of the train motion

Also, the satisfaction of the sufficient condition of the car wheelset whedl rolling onto the rail head
was analysed (Fig. 6).
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Fig. 6. The plot of changing the load on the wheel, which moves along the outer rail
at the height of asynchronoustrack irregularity h = 0.0232 m

Using the technique of calculation of the sufficient condition of the whedl rolling onto the rail head,
we obtained the dependence of the train motion speed on the height of the oblique, at which the time
interval for the wheelset rolling onto therail head is maximal (Fig. 7).

Carried out the calculations for the different values of speed, the minimal value of the oblique height
h 3 0,0232 m, at which the change of the train motion speed may cause the rolling stock derail ment, was
determined. The time needed for the wheelset wheel ridge to rise to the height of z=18.24 mm equals

Dt =0.099 s. Since the time t* needed for the wheel rolling onto the rail head equals 0.0984 s, so the
sufficient condition of the wheel rolling onto therail head is satisfied (0,099 s>0,098s).
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Fig. 7. Thedependence h = f(u) at Dt ® max

It was also ascertained that at the oblique height of h <0,0232 m, the change of the train maotion

speed will not lead to the satisfaction of the sufficient condition of the wheel rolling onto the rail head.
Subsequently, the calculations of the speed range change, at which the sufficient condition of the whed

rolling onto therail head is satisfied, were carried out and the corresponding plots were constructed (Fig. 8).
The oblique height was being changed in the range of 0.024...0.029 m. Herewith, the length of the

oblique wave was equal 8 m.
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Fig. 8. The plot for checking the sufficient condition of the whed rolling onto the rail head
at different speeds of the train motion and the corresponding value of asynchronoustrack irregularity

On the basis of the previously abtained results, there was constructed the generalized plot of the
dependence h = f (u), on which the zones of motion safety, stasis (equilibrium) and derailment of the

rolling stock were plotted (Fig. 9).

When overlaying the plots of the necessary and the sufficient conditions of the wheelset wheel
rolling onto the rail head, three zones were obtained:

— the zone of the motion safety is the zone, in which the necessary condition is not satisfied;

—the stasis (equilibrium) zone is the zone, in which only the necessary condition is satisfied;

— the zone of the rolling stock derailment is the zone, in which the necessary and the sufficient
conditions are satisfied.
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It should be noted that similar investigations may be carried out in the presence of smooth
synchronous irregularities on the railway track.

Fig. 9. The generalized plot for checking the conditions of the rolling stock derailment

Conclusions

1. There are defined the speed ranges, at which the necessary and the sufficient conditions of the
whed rolling onto therail head are satisfied.

2. It was also ascertained that at the speed of 37 knvh, the largest off-loading of the car wheel onthe
curved track section with the existing oblique takes place.

3. It was ascertained that at the oblique height of h £0,0213 m, the change of the train motion

speed will not lead to the satisfaction of the necessary condition of the wheel rolling onto the rail head.
4. It was ascertained that at the oblique height of h <0,0232 m, the change of the train motion

speed will not lead to the satisfaction of the sufficient condition of the wheel rolling onto the rail head.
5. The generalized plot for checking the conditions of the rolling stock derailment is constructed.
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