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Abstract:  This article is devoted to one of the topical issues of improving control
devices for automation and telemechanics of a railway sorting slide. Methods of
automation and development of a method for determining the speed of uncoupling in the
sorting slide, as well as methods of modernization management are proposed. Based on the
method of an automated microprocessor control system in the upper part of the railway
sorting, the uncoupling is automated by determining the speed and time curves of the
uncoupling is reduced by intermediate time intervals. The permissible minimum speeds on
the sorting slide were found, as well as calculation points were found to control the speed of
uncoupling

Key words: A very good runner, a very bad runner, an arrow translation center, an
isolated section, a retarder carriage mechanism.

AHAJIN3 KPUBBIX CKOPOCTEN U HHTEPBAJIJIOB BPEMEHH OTIIEIIOB
HA COPTUPOBOYHOM 'OPKHA

AHoTauusi: Jlannas cmamovs  nOCGAWEHA  OOHOU U3  21A6HBLIX  3A0ay  NO
COBEPUEHCMBOBAHUIO  YCMPOUCME — YNPAGLEHUs. — ABMOMAMUKU U MeleMeXaHuKu
HCENe3HOOOPONCHOU COPMUPOBOUHOU 20pKu.. [IpednosceHbl Memoodvl agmomamuzayuu u
paspabomarn mMemoo onpeoeienuss CKOpoCmu Omyenda Ha COpMUPOBOYHOLL 20pKe, A MAaKice
Memoowl  ynpaeneHus MmodepHuzayueu. Ha ocnoge memoda asmomamusuposaHHou
MUKPONPOYECCOPHOL CUCmeMbl YNPAGIeHUs HA GepullHe 20pPKU Npu onpeoeieHiust CKOpoCcmu
KPUBbIX U 8peMeHU OMYyeno8 COKpawjaroms uHmepeaisbl epemeHu omyena. bviiu naiioenvi
O00nycmumvle MUHUMAIbHbIE 3HAYEHUS CKOPOCMU HA COPMUPOBOYHOU 20pKe, 4 MAKHCce
pacuemmuvie mouKu 0Jisk KOHMPOJis CKOPOCHU OMYENo8.
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KuaroueBbie cioBa: Quens xopowuii Oe2yH, oueHsb Nioxou 6e2yH, yeHmp 0/ nepesood
cmpenku, — U30AUPOBAHHBII YUACMOK, MEXAHUM 8A2OH 3AMEONUMENb.

CAPAJIAII TEMAJIMTUIAT'A Y3UJIMAJIAPHUHI' TE3JIUI'U BA OPAJIMK
BAKT UHTEPBAJIJIAPUHU TAXJINJI KUJINII

AHoTamusi: Ywby makonaoa memup Uyn capaiaui menaiueu aemomMamuxa 6a
menemMexanuKa Hazopam KypuiMAalapuuu —makoOMUWlaumupuw ro3acuoacu  0013apo
myommonapoan bupuza kapamunean. Capanaw menanueuoazu Y3uiMaiapHuHe me3nueuHu
AHUKAQW — YCYIUHU — ABMOMAMAQWIMUPUUL 84  VHU  PUBONCIAHMUPUWL  XaMOd
3amMouasuiiaumupuw oyuuua bowkapye ycyiiapu maxiug smunean. Temup tiyn caparaw
menancuoa  A8MOMAMIAUIMUPUNICAH  MUKPONPOYECCOpau OowKapuul musumu  ycyau
acocuoa  Y3UIMANAPHU ~— mMe3uU  6d  6AKM  ICPUIAPUHU  AHUKIAW — OpPKAIU
ABMOMAMAAUMUPUTLIZAH Map30a Y3UIMALAp OPaIuK 6aKm UHMep8ailapu KUCKAPMUPUILaH.
Capanaw menanueudazu pyxcam 5muieai MUHUMYM ME3NUKIAPU UWLA0 YUKUL2AH XaMOd
V3UIMANAPHUHE ME3TUSUHU HA30pam KUIUUWL Y4YH XUCOOULI HYKMAanap MmonuiaH.

Kanut cy3nap: JKyoa saxwu roeypyeuu, xcyoa EMoH 102ypy8uU, CmMpeIKaHu yYmKa3uu
Mapkasy,  U30IAYUAIAHSAH YUACMKA, 86420H CEKUHIAUMUP2UY MEXAHUSMU.

In the proposed method, the disconnections occurring at the classification hump are
analyzed based on intermediate time intervals to determine the entry speed into the first
turnout, wagon retarder mechanisms, and measurement control points [10,12]. It is essential
to note that the high-speed segment of the hump must facilitate the acceleration of the
disconnections, while the descending section of the hump must ensure sufficient spacing
between railcars to enable the proper operation of turnouts and wagon retarder mechanisms.
However, under favorable environmental conditions (i.e., positive ambient temperatures and
tailwinds), and with high-running-performance railcars (HRPRS), the entry speed of a 100-
ton railcar into the first retarder mechanism must not exceed the permissible speed limit,
which is determined by the structural characteristics of the retarder system [15]. Therefore,
if the entry speed of an HRPR does not exceed the allowable limit, it can be inferred that the
profile of the high-speed section has been correctly engineered [8,13].

Furthermore, the total required braking force must be sufficient to ensure that, under
favorable conditions and along the prescribed descent route of the disconnections, the last
wagon retarder mechanism can bring a high-running-performance railcar (HRPR) —
specifically, a 100-ton four-axle semi-wa_lrg_on — to a complete stop at the maximum
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permissible humping speed [6]. Consequently, if the application of all braking devices in
the descent section of the hump results in the final wagon retarder mechanism reducing the
HRPR’s speed to zero, it confirms that the total braking capacity of the wagon retarder
mechanisms and their distribution along the descent have been correctly determined and
effectively implemented [9,14].

Based on the time curves, the sufficient interval between disconnections is determined to
ensure safe passage through retarders and turnouts. Accordingly, it becomes possible to
carry out humping operations at the calculated speed VO under various conditions,
including: high-powered humps with very poor-running (VPR) and very high-running
(VHR) railcars; medium-powered and low-powered humps with good-running (GR) and
VPR railcars alternating in sequence [5].

Therefore, a detailed and high-quality verification of the designed profile of the hump
and the descent section of the classification tracks is performed through the analysis of
descent time curves topl(L),tVHR(L), and top2(L)based on predefined sequences of
consecutively descending railcars with varying running characteristics [1,12]. For this
analysis, it is initially necessary to determine the minimum required distances between the
centers of gravity of successive railcars at the moment of transition..

— Centralized switch turnout (Figure 1), m:
1“"P=b(26)+ Vempts+lus; (1)

— Wagon retarder (Figure 2), m:
1=by(0x) +Vim (tmsz+ts) +lcy; (2)

— The boundary post (Figure 2), wm:

lms® =ly(orca)+Vets, 3)

here b.; — Wheelbase of a four-axle semi-wagon;

Vempr Vim, Ve — XSO respectively, the average passing speeds through the switch, the
retarder, and the boundary post;

t, — the minimum interval reserve, equal to 1 second, in accordance with the design
rules and standards for classification equipment;

t,, — the time required to switch the retarder into the braking mode;
|, — the length of the insulated section with the switch, in meters, m;
l., — the length of the insulated section of the independently controlled retarder, in

meters, m;
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l,er) — the length of the four-axle semi-wagon along the axle of the gaps, m.

The obtained parameters 17,19, I° are represented in the diagram as follows [2].
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Figure 1. Minimum required distance between the centers of gravity of the running
wheels when passing through the insulated switch section:

a, — the distance from the classification hump to the beginning of the switch points
(equal to 6.21 m);

l, — the length from the insulated joint before the switch to the beginning of the switch
points (accepted as 6 m according to standards);

l,. — the length of the switch points (equal to 4.34 m);

k— the distance from the base of the switch point to the nearest insulated joint of the
stock rail (equal to 1.04 m);

I — the length from the switch points to the insulated joint of the stock rail, equal to
5.38m, calculated as (Ic=loc+k);

l.; — the distance from the insulated joint at the end of the stock rail to the center of the
switch passage [7].

To represent the segment 1 on the hump plan from the switch passage center (SPC), a
distance equal to the parameter a0 is marked to the left, thereby determining the exact
location of the switch points. From this point, moving consecutively to the right, distances
equal to the length of the switch points Isp and the additional distance k are added, which
allows locating the insulated joint at the end of the stock rail [3].

—
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Furthermore, starting from the switch points, a distance equal to Iw is laid to determine
the location of the insulated joint at the entry. From this insulated joint, a distance equal to
the half-base of the poor runner wagon on the stock rail side is marked to the right [4].

From this point, a perpendicular is drawn to the time curve topl(L) (see Figures 1 and
2). From the obtained point, a segment equal to Istr is marked to the left. Then, from the left
end of this segment, a vertical line is drawn up to the curve teg2(L). From the same point, a
segment equal to Istr is marked to the right (see Figure 2).

Thus, a "time gate" is constructed, which shows that, without intersecting the curve
tjy(L), it is possible for the switch points to be passed between two adjacent wagons [6].
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Figure 2. Minimum required distance between the centers of gravity of the running
wheels when passing through a single insulated section of the retarder
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Figure 3. Structural diagram for determining the speed of rolling stock at calculated
points on the classification yard hump

In the proposed method, the speed of rolling stock released from the hump is determined
using optical sensors, and the wagon retarder mechanisms automatically decelerate the
rolling stock while maintaining the time intervals between them. This ensures controlled
slowing down, provided that the following conditions are met, under which the following

inequalities hold true.

Vpag=Vyand t=>t;,
Vpag=Vyand t<t;,
Vpag <Vyand t=t;,
Vpag <Vyand t<t;,

deceleration is applied in this case;

deceleration is also applied in this case;
deceleration is not applied in this case;

the hump signal does not turn green in this case;

Here, V(b.d) is the actual speed of the rolling stock at the first sensor; Vb is the
calculated speed of the rolling stock at the sensor; tin is the interval between rolling stock;
and t is the time taken by the wagon retarder to compress the rolling stock.

The increase in kinetic energy results from the decrease in potential energy, which is
expended to overcome resistance forces.

mvg-mv3
2

= Qh — Qlw1073 (4)
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m=- (5)
h=1i10"3 (6)
WD) — g1(i — w)107 7)

here, m is the mass of the rolling stock, measured in kilograms (kg); w represents the
resistance forces, measured in newtons (N); | denotes the distance between points a and b; h
is the difference in height between points a and b (corresponding to the change in potential
energy); and Va is the initial velocity of the rolling stock.

Scientific research has shown that by automating the operation of the wagon retarder
mechanism based on a microprocessor control system, taking into account the speed of
rolling stock released from the classification hump, it is possible to significantly reduce train
waiting times on the hump and shorten the time intervals between rolling stock. This
eliminates the human factor and introduces a fully automated system.
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