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DETERMINATION OF RAIL VOLTAGES
AFTER IMPACT OF MOBILE COMPOSITION

Abstract. The results of measurements of edge stresses and stresses in the neck of a rail in a curve with a radius
of R = 380 m, obtained during tests on the effect on the path of locomotive CKD6-2108, freight gondola cars
12-9941 and 12-9920, on the section of the Almaty-Chu railway line are presented. The dependences of stresses in
the edges of the sole and neck of the rail on the speed of the tested rolling stock are obtained. The possibility of a
transition from stresses to lateral forces is considered.

Keywords: railway track, rail, edge stresses, stresses in the neck of the rail, vertical and lateral forces, the
tested rolling stock, curve of small radius.

In connection with the ever growing need to increase the capacity of the existing network of railways
in the Republic of Kazakhstan (especially the areas bordering China and Russia), the issue of increasing
the safety of operation of freight trains of increased mass and length is relevant. The commissioning of
heavy trains is a complex task related to the use of more powerful locomotives, increased axle loads,
reconstruction of the track infrastructure and power supply, and improvement of the technology of the
transportation process.

In addition, increasing the speed of train traffic with increasing traffic density requires increasing the
strength and stability of the road. The use of reinforced concrete sleepers and rails of heavy types causes
along with the reinforcement of the path to increase its rigidity. Increased rigidity of the track increases the
influence of unevenness on the rails and wheels of the rolling stock on deformation and the forces of in-
teraction of its elements. It is established that the disorders of the existing track with reinforced concrete
sleepers accumulate more intensively than those with wooden sleepers, especially in the presence of
unevenness on the rails.

The reinforcement of the upper structure of the track - laying of heavy-type rails, crushed stone
ballast, reinforced concrete sleepers - is associated with an increase in its rigidity. If the wheels of the
rolling stock and the track had no irregularities, then the tougher path would have basically positive
qualities (would cause less resistance to the movement of trains, less bending stresses in the rails, etc.).
But the presence of uneven rolling, welds, slides on wheels, unevenness in the joints and welding places of
rails, as well as saddles, wave-like wear and other unevenness on rails significantly worsen the interaction
of the elements of the track and the rolling stock.

The accuracy and correctness of the accepted experimental methods for evaluating the force impacts
of wheels on the rail track is of paramount importance for analyzing the safety of the use of freight train
trains. Edge stresses are the main parameters by which the strength of the rail is determined. They
characterize the effect of vertical and lateral forces, as well as the moments from the application of lateral
loads and the displacement of the position of the conditioned center of the contact spot between the wheel
and the railhead.

In this paper, the results of measurements of edge stresses and stresses in the neck of a rail in an
external rail thread with a curve of radius R = 380 m, obtained during testing of freight cars and diesel
locomotives in the section of the Almaty-Chu railway line are presented.
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The measurements were carried out in accordance with [1] with the help of a strain gauge measuring
and computing system (Figure 1) consisting of certified and certified measuring instruments of the world's
leading manufacturers, which makes it possible to produce precision (high-precision) measurements of
stresses and relative deformations in the elements of the track and span structures of bridges From the
impact of the rolling stock simultaneously in 16 sections with the length of the measuring path up to 500 m.

BITAHIE MOCTOBR

Figure 1 — Tensometric measuring and computing complex for measuring relative
strains and stresses in structures

The complex was tested at a number of facilities of JSC "NC" KTZh "and showed good results when
evaluating the effectiveness of reinforcement of railway bridge structures with a composite material [2, 3]
and determining the influence of the dynamic effect of rolling stock on the railway track and span struc-
tures of bridges [4-6].

Before the tests, a road-measuring car passed through the site. Based on the results of the measure-
ments, the service responsible for the state of the road issued an act on the readiness of the path to testing
and the permissible speeds of traffic on the site.

The experimental train consisted of a diesel locomotive CKD6e-2108 (maximum static load 23 tons
per axle), freight gondola cars 12-9941 (static axle load 23.5 tf) and 19-9920 (static axle load 25.0 tf), an
electric locomotive VL80s (axial load 24.0 tons).

Arrivals along the measuring section of the road were made in a "shuttle”" way with control from the
cabs of the locomotive and an ¢lectric locomotive during daylight hours. A direct move made the move-
ment of the composition from Chu to Almaty, the reverse — from Almaty to Chu. When moving in direct
motion, the mobile units of the experimental train were located as follows: a 6-axle locomotive CKD6e-2108,
an empty gondola car 12-9920, a laden gondola 12-9920, a laden gondola 12-9941, an empty gondola car
12-9941, an 8-axle VL80s electric locomotive. When moving backward, the mobile units were located,
respectively, on the contrary, that is, without the reorganization of the rolling stock.

Figure 2 shows the graphs of the maximum edge stresses from the effects of a laden gondola 12-9920
in the speed range from 25 to 80 km/h. At the outer edge of the rail sole, the maximum value (106 MPa)
was recorded when the track was passed at a speed of 40 km/h from Almaty to Chu (reverse), the smal-
lest - 63 MPa, at the same speed, but the composition passed from Chu to Almaty. At the inner edge of the
rail foot, the highest value (75 MPa) was also observed at a speed of 40 km/h in the reverse flight
(Almaty-Chu), but the smallest (55 MPa) was recorded at a speed of 80 km/h, both for forward and
reverse The course.

It should be noted that at a speed of 25 km/h, at the inner edge of the rail foot, the quantitative values
of the stresses at the straight (58 MPa) and at the reverse (62 MPa) passage of the experimental compo-
sition were insignificant, but exceeded the fixed minimum of the maximum observed voltages at a speed
of 80 km/h.
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Figure 2 — Maximum stresses from the effects of a laden gondola 12-9920:
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole

Several differ, both in the quantitative values of the stresses and in the nature of the curves, the
graphs obtained when passing the laden gondola 12-9941 (Figure 3). The maximum value of the stress in
the outer edge of the rail sole (103 MPa) was also observed at a crew speed of 40 km/h during the return
pass. Given that the difference between the axial loads is 6%, and the difference between the stress values
(106 and 103 MPa) is only 2.8%, it can be concluded that the gondola 12-9920 has less impact on the way
than the gondola 12-9941.
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Figure 3 — Maximum stresses from the impact of a laden gondola 12-9941
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole

Figure 4 shows the graphs of the maximum edge stresses when exposed to an empty gondola car 12-9920.
In this case, the highest stresses (34 MPa in the outer edge at the forward stroke and 26 MPa in the inner
edge at the reverse stroke) are fixed at a speed of 60 km/h (in the case of a laden gondola - 40 km/h).
Moreover, increasing the speed of the crew to 80 km/h (regardless of the direction of travel) leads to a
reduction in stresses in the outer edge to 27, in the inner to 21 MPa.

The stresses in the edges of the rails bottom, obtained when passing through the measuring section
of the empty gondola car 12-9941, are shown in Figure 5. The largest values of the stresses in the outer
(40 MPa at a speed of 40 km/h) and in the inner (32 MPa at a speed of 80 km/H) of the edges of the rail
sole, were observed during the reverse course of the rolling stock. The lowest values of stresses (23 MPa
in the outer edge with a straight pass, 24 MPa with the return passage in the inner edge) are fixed at a
speed of 25 km/h.
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Figure 4 — Maximum stresses from the action of an empty gondola car 12-9920:
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole
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Figure 5 — Maximum stresses from the effect of an empty gondola car 12-9941:
a) - the outer edge of the rail sole, b) - the inner edge of the rail sole

Figure 6 shows the graphs of the maximum edge stresses that occur when passing through the mea-
suring cross section of the shunting locomotive CKD6e. In the outer edge, the dependence is almost linear.
The greatest value in the outer edge (107 MPa for the forward and reverse travel) was recorded at a speed
of 80 km/h, the smallest (56 MPa at the back pass) - at a speed of 25 km/h. In the inner edge, a maximum
(53 MPa) is observed at a speed of 40 km / h and a minimum (44 MPa) at a speed of 60 km/h. With the
return pass. At speeds of 25 and 80 km/h, the voltages (50 MPa) are equivalent, both for forward and re-
verse flight of the crew. At a speed of 40 km/h, the voltage at the reverse travel of the rolling stock (from
Almaty to Chu) corresponded to the stresses at speeds of 25 and 80 km/h and was equal to 50 MPa.

From the analysis of the graphs shown in Fig. 7, representing the dependences of the maximum
observed edge stresses arising from the passage through the measuring section of the VL-80s electric
locomotive, it follows that in the speed range from 40 to 80 km/h, a sharp jump occurs in the outer edge of
the rail foot Stresses from 100 to 192 MPa at the forward stroke. And at a speed of 25 km/h, the voltage
(110 MPa) exceeded the voltage (100 MPa) corresponding to a speed of 40 km/h. At the reverse stroke,
the voltage increases less sharply — from 100 MPa at a speed of 25 km/h to 156 MPa at a speed of 80 km/h.

In the inner edge of the rail sole during a straight run, with an increase in the speed of the compo-
sition from 25 to 40 km/h, an increase in stresses from 69 to 72 MPa is observed, with a further increase in
speed from 40 to 80 km/h, the stress drops to 47 MPa. When the speed of the convoy increases from 25 to
40 km/h, the voltages increase from 64 to 75 MPa, at a speed of 60 km/h decrease to 73 MPa, and with an
increase in speed to 80 km / h, they drop to 47 MPa.
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Figure 6 — Maximum stresses due to the effect of the locomotive CKD6e:
a)- the outer edge of the rail sole, b) - the inner edge of the rail sole
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Figure 7 — Maximum voltage from the impact of an electric locomotive VL-80s:
a)- the outer edge of the rail sole, b) - the inner edge of the rail sole
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Figure 8 — Diagram of stresses in the outer edge of the rail sole (reverse stroke)
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Figure 10 — Diagram of stresses in the neck of the rail (reverse stroke)

Dynamic impact on the rail of an experimental train is clearly illustrated by the following diagrams of
stresses in the outer (figure 8) and internal (Figure 9) edges of the rail sole. Composition was held at a
speed of 60 km/h from Almaty to Chu (reverse motion). It can be seen that empty gondolas 12-9920 exert
less force on the rail than gondolas 12-9941. The impact of loaded gondola cars 12-9920 is almost equi-
valent to the effect of loaded gondola cars 12-9941. This can be explained by the improved characteristics
of the spring suspension of the gondola 12-9920.

Figure 10 shows a diagram of measured stresses in the neck of the rail, and in Figure 11 - the distri-
bution of calculated normal vertical stresses in the rail. It can be seen that the measured voltages are com-
parable with the design stresses.
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Figure 11 — Distribution of normal vertical stresses in the rail, MPa.
Vertical force 120 kN, lateral force 45 kN, loads between supports

Conclusions. If to judge the impact on the path from the measured edge stresses and stresses in the
rail neck in this section, then the 12-9920 (25 ton) gondola cars look more preferable than the gondolas
12-9941 (23.5 tons). This circumstance can be explained by the improved characteristics of spring sus-
pension of gondola cars 12-9920.

The increase in the weight norms of freight trains, without the cost of reconstructing the infra-
structure, is quite possible with the operation of moderized freight wagons with an axial load of 245 kN
(25 tons).
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B. I'. Cononenxo, H. M. MaxmeroBa, M. SI. Ksammun, C. E. Bex:kanona
M. TebImbacs aTeHAAFH KA3aK KOITiK 5KOHE KOMMYHHKAIMSIAP aKaaeMuAChl, AimMarsl, Kazakcran
KBLTKBIMAJIBI KYPAM 9CEPIHJEI'T PEJBCTIH KEPHEYIH AHBIKTAY

Annoramusa. KucreIKTeH pagmycsl 380 M KE3IHACTI KUCKTIK JKOHE PEITbC MOMBIHTHCTIHACTI KCPHEYIIH OISy
HOTIDKEJIEP1 KEJTiPiireH.

Amvars-Yy skemicinae opHanackad yuackeaeri, CKDe-2108 TennoBo3bmbH, 12-9941 sxone 12-9920 xapThl-
Jal KYK BarOHAAPBIHBIH KOJFA OCCPIH AHBIKTAYFa APHANFAH CHIHAK KE3iHIE, KUCHIKTHIH paxuychl 380 M OoxFaH
KE3IHJCT1 KHUEKTIK JKOHE PEIbC MOWBIHTHETIHACTI KEPHEYIIH OMIeY HOTIKeNnepl kenripiareH. TabaH skueriHzeri
JKOHE PEbC MOMBIHTHETIHIACTI KEPHEYIH CBHIHAK >KYPri3yre apHAFAH >KbUDKBIMAIBI KYPAMHBIH KbLITAM/IbIFBIHA
Toyeainiri ansiHFaH. KepHeyneH OyHipIik KyImnrepre Kemy MYMKIHIIUTITI KApacThIPbLIFaH.

Tyiiin ce3aep: TeMIp KO, PENIbC, KHUCKTIK KEPHEY, PEIbC MOMBIHTHETIHACTI KEPHEY, BEPTHKAID KIHE OYHIPIIK
KYIITEP, CHIHAK JKYPIi3€TiH KBUDKBIMAIBI KYpaM, Killli paJiy CThI KHCBHIK.

B. I'. Cononenxo, H. M. MaxmeroBa, M. S. Ksamnaun, C. E. Bex:kanoBa
Kazaxckas akaaeMus TpaHCHIOPTa U KoMMyHuKarwit M. M. Teiabimmnacsa, Amvarst, Kazaxcran
ONPEJEJIEHUE HANIPAKEHUI B PEJIbCE ITPU BO3JAENCTBUHU OJABHKHOIO COCTABA

Annortamust. [TpeacraBieHsl pe3yabTaThl H3MEPEHHH KPOMOYHBIX HAMPSHKCHUH M HAPSDKCHUH B IMCHKE PEib-
ca B KpuBOH paamycoM R=380 M, moyyeHHbIC IIPH HCIBITAHAAX MO BO3ACHCTBHIO HA IMyTh Temiosoza CKD6e-2108,
TPY30BBIX MOJNYBaroHOB 12-9941 u 12-9920, Ha yuacTke »xKeIe3H0A0pokHOH TuHHU Amvarei-Yy. [TomydeHs! 3aBu-
CHMOCTH HANPSHKCHUH B KPOMKAX MOJOIIBBI M IICHKE PENbCa OT CKOPOCTH MCHBITBIBACMOTO MOABHIKHOTO COCTAaBA.
PaccMoTpeHa BO3MOYKHOCTD TICPEX01a OT HAMMPSDKCHHHA K OOKOBBIM CHIIAM.

KimoueBnbie ciioBa: ;KeIC3HOTOPOKHBIA My Th, PEJIbC, KPOMOYHBIC HATIPSLKEHIS, HATTPSDKCHIS B LICHKE PENbCa,
BCPTHUKAIBHbIC M OOKOBBIC CHIIBI, HCIIBITHIBACMBIH MOABIXHOHW COCTAB, KPHBAS MAJIOTO PAHyca.
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