IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

Determination of parameters of cable drums of " Siens eatures of Josephson ineton

. . Yu. M. Shukrinov, I. R. Rahmonov, K. V.
capstanshunting winches Kulikov et a.

- Improvement of operational planning for

. . . - . shunting service on non-public railway
To cite this article: Yevhenii Romanovych et al 2019 IOP Conf. Ser.: Mater. Sci. Eng. 708 012027 ﬁn_;‘;‘ L SErice ON AoR-DUble Al

T. Nechay, V. Roganov, T. Zhashkova et
al.

- An adaptive metamaterial beam with

hybrid shunting circuits for extremely
broadband control of flexural waves

Y Y Chen, G K Hu and G L Huang

View the article online for updates and enhancements.

':TI'A HONOLULU, HI  ¥&. : I Joint Meeting of

M
PACIFIC RIM MEETING
in e Oct6-11, 2024

The Electrochemical Society

Abstract submission deadline: .| The Electrochemical Society of Japan
April 12,2024 .

Korea Electrochemical Society

Learn more and submit!

This content was downloaded from IP address 80.73.14.137 on 16/02/2024 at 18:20


https://doi.org/10.1088/1757-899X/708/1/012027
https://iopscience.iop.org/article/10.1209/0295-5075/110/47001
https://iopscience.iop.org/article/10.1209/0295-5075/110/47001
https://iopscience.iop.org/article/10.1088/1755-1315/378/1/012026
https://iopscience.iop.org/article/10.1088/1755-1315/378/1/012026
https://iopscience.iop.org/article/10.1088/1755-1315/378/1/012026
https://iopscience.iop.org/article/10.1088/0964-1726/25/10/105036
https://iopscience.iop.org/article/10.1088/0964-1726/25/10/105036
https://iopscience.iop.org/article/10.1088/0964-1726/25/10/105036
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjstRSm6RiW-LH_-sO6Ry02FimGy2W1pVD5lc4FDONcshmAV8bTs5roslJLwpcEVzC0haZI3z1wz5RmZL_6D5-4pc9hFNfbSVXBgBP31p1HILay8s7VTUd3ZrRQQrODZ1f0F6IxP34HBE5gj4AvngSF_dwSj6XFXM1fSPBJB_13W2Bai-802bB_v6f0rDyMLRHpVFzdLMxeNgT1qLs3Va4giAFhshccGClhdSWnH_ViD7NMGQ9Ygq6N1K-2H6bNrqLNBTaLY8G-bev4X1A-OJDiTph6dTk6RG0yHA54BbcExTmYQGg-_1H89fJHq3ETgqDqkAwvAGUw&sai=AMfl-YTydtAHYm-Bjo5YDIcL2OB_9ababxExaHQjKo4R9zLvtRBeHhCnLNvABSlicYw3NpP28WZg8uC19jUEPpM&sig=Cg0ArKJSzK2PfxIqTzh9&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://ecs.confex.com/ecs/prime2024/cfp.cgi%3Futm_source%3DIOP%26utm_medium%3Dbanner%26utm_campaign%3Dprime_abstract_submission

TRANSBUD-2019 IOP Publishing
IOP Conlf. Series: Materials Science and Engineering 708 (2019) 012027 doi:10.1088/1757-899X/708/1/012027

Deter mination of parameters of cable drums of
capstanshunting winches

Yevhenii Romanovych®®, Andrii Yevtushenko?®, Andrii Kravets’, Leonid Kozar?,
Geor gii Afanasov*
'Limited Liability Company "MPSR", HeroyivStalinhradve. 154a, 61096Kharkiv, Ukraine

“Construction, track and handling machines Departnékrainian State University of
Railway Transport, Feuerbach sq. 7, 61050 Khatltkraine

3 E-mail: 0674274770@ukr.net

Abstract. The article considers the problem of determirtimg rational geometric parameters
of friction cable drums of capstan shunting winchise basic technical means for performing
shunting works within the cargo yards of railwagt&ins and industrial enterprises are given.
Today, shunting locomotives are the most commonnsea shunting works at railway
stations and cargo yards of industrial enterpristmwyever, using them is not economically
feasible for small amounts of shunting. Both shetgpe and capstan shunting winches are
often used to move individual cars or groups ofscaong the freight front. In the capstan
shunting winches, a frictional drum of infinite g length is used, which rotates around a
horizontal axis. It is established that the knownrses give only the theoretical principles of
the operation of drums of infinite coiling lengtnda do not contain any practical
recommendations for the design and operation ofteapshunting winches. The article
provides a theoretical study of the forces of ioictthat occur between the drum and the cable,
as well as between the cable lines when drums difterent profiles of working surfaces are
used. It was found that in shunting winches, theffa@ent of friction of the rope along the
drum can increase by 2.5 times, as a result of wiis necessary to increase the curvature of
the profile of the drum. Also, friction forces beten adjacent branches of a cable wound on a
winch drum are considered. On the basis of the wcted study, recommendations on the type
and geometrical parameters of cable drums of camgtanting winches are proposed, which
are aimed at extending the service life of tractiahles of these mechanisms.

1. Introduction

Conducting cargo handling work with railway carsplies that these cars have to move within the
cargo yards of stations or other industrial enisgs; i.e. performance of shunting work. Railway
locomotives are most commonly used to performwiliek (Figure 1) [1].
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Figre 1.Shunting IocomotiveChM.

However, shuntingwith locomotives is not always remmically feasible. For example, if one or
more cars have to be moved along the cargo frontitbin a specific enterprise for a relatively shor
distance. For this purpose both hybrid road-rallicles —locomobiles(Figure 3) [2, 3] and shunting
winches [4] can be use

Figure 2.Locomobile by Spetskran LLC (Ukraine).

In Ukraine, locomobiles have not yet been commasiyd. Shunting winches are much more often
used by enterprises for shunting. Their main adgad include a simple design, as well as moderate
capital and operating costs, and high reliability.

2. Analysis of designs of shunting winches

The principle of operation of shunting winches asé&d on the use of a steel cable connected tathe ¢
as a traction body. The traction cable is reeledhenwinch drum, which is rotated by an electric
motor through a reducer.

Two types of shunting winches are currently usBae first type includes sheave-typewinches
(Figure 3) [5-9], in which the traction cable isnggletely reeled on the drum. Usually, such winches
are irreversible, which means thatonly one-way muamt of cars is possible. The reversible sheave-
type winches are also known, however, they haveraptex design, complicated to install, and
operation of such winches is much more expensiae tif irreversible ones.
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Shunting winches of the second type includecapstaches (Figure 4) [5, 10, 11]. These winches
use a friction drum of infinite coiling length thedtates around a horizontal axis. The cable is not
fastened to the drum, but is seized by the fordeiaifon that occurs between the surface of therdr
and a few coils of the cable (normally 3-4 coils).

igre4.Cstan uhfing winch.

Such winches are usually reversible. They candasl wn long load fronts, and the drum size is
much smaller than that of sheave-type winches. g laglvantages, as well as the lower cost of the
winches as compared with sheave-type winches, bawéributed to the common use of capstan
winches as shunting machinery not only at railwatggprises, but also at industrial sites, suchaasgr
warehouses, seaports, river ports, quarries, etc.

3. Analysis of recent research and publications.
The principle of operation of friction drum winchleas been known for a long time and is described in
many literary sources, for example in [5-7]. Thieefour coils of traction cable are reeled on the
drum. As the drum rotates, one cableline is reeted and the other oneis unreeled.

For normal operation of the friction drum winchetreeling cable line should constantly shift to
the center of the drum. For this purpose, the douofile has variable diameter with a minimum value
inthe center of drum (Figure 5).
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Figure 5.Profile of the friction drum and the cable windidiggram:
1 — drum; 2 — reelingline; 3 — unreeling line.

The angle of inclinationof the drum profile is éehined from the diagram of forces acting on the
cable when it is reeled on a variable profile diHigure 6) [5].
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Figure 6.Diagram of forces acting on the cablereeled onr@be profile drum:
1 —drum; 2 — cable.

The condition of shift towards the center of tihend will be as follows [5]
N-sing—N-f-cosp >0, (2)

whereN istraction force in the cable, N;
ois angle of inclinationof the drumsurface to theizantal, degrees;
fis friction coefficient of the cable on the drum.

It follows that for the cable to shift to the cenof the drum, the angle of inclination of thefane
of the drum should exceed the angle of frictiomhef cable on the drum

@ >arctg f. (2)

4. Purpose of the study
The above method, however, does not fully coveptiveesses taking place in the cable-drum system.
First, the traction cable of the shunting wincHdsatedmostly outdoor and has constant contact
with the ground. Therefore, the friction coeffidieri the cable on the drum is unstable.
Secondly, the above method does not take intoustdbat 3 to 4 coils of the cable are wound on
the drum, rubagainst each other during the operatia negatively affect the service life of theleab
Third, the above method does not provide any guean the shape of the drum profile.
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In view of the above,the purpose of the study dam stated as follows: developing
recommendations on geometrical parameters of praffl the cable drums of capstan shunting
winches.

5. Results of the study

5.1 Sudy of the friction coefficient of the cable on the drum

According topublished sources [5-7], the valuesheffriction coefficient of the cable on the drgm
are within the range from 0.12 to 0.16. The calfléhe shunting winch, however, is usually located
outdoor and trails on the ground during the openatFigure 7).

g | 1

Figure 7.Trailing of the trction cable of the shun hb whinen the ground.

As a result, soil particles stick to the greasedus lubricate thecable. Consequently, the camuhti
of friction of the cable on the drum will approaitte dry friction conditions, which may result ireth
value of the friction coefficient of the cable dretdrump increasing 2.5 times [12]. Thus,will be
0.3 to 0.4. Therefore, taking into account form{@y the angle of inclination of the working suréac
of the friction drum in capstan shunting wincheswdtl be increased from 6.84-9.1° to 16.7-21.8°.
Greater angles of inclination of the working suefad the drum will increase the projection of trast
force on this surfac# - sin ¢, which will increase the friction force betweer ttoils of the traction
cable, which will adversely affect the service lfiethis cable.

5.2 Sudy of friction arising when the cableis reeled on the drum

Three to four coils of cable are reeled on frictisoms of capstan winches [5-7]. Due to the cumeatu
of the surface of the drum, these coils cling tcheather which results in the friction force of tele
not only on the drum, but also between the indigidwils of the cable.

Let us consider the position of four coils of ttable on a conical drum (Figure 8). As the drum
rotates at a circumferential speedeach coil of the cable will also rotate at thmeacircumferential
speedn. According to the laws of theoretical mechanic3][the linear velocity of a point rotating
around the center at a distance R can be deterronérmula

V=a)-R=a)-§, (3)

whereD is therotating diameter.
According to Figure 8, diameters of coils of tlabdle differ:
Diy > D13 > Dy3 > Dya, (4)
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where D4, D, D3, Dsare diametersof the drum under the respectiveotdiie cable.
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Figure 8.Location of coils of the cable on the conical drum:
1-4 — coils of cable.

Then,the linear windup speeds of the cable wiliehthe ratio
Vii > Vi > Viz > Vi, (5)
where\{, Vi», Vi3, Visarelinear windup speeds of respective coils ottige.

Therefore, during the rotation of the capstan Wwirtbum, friction forces will occur in each
cableline not only between the cable and the druth fsiction coefficienty, but also between the
cable lines with the friction coefficient f.

As an example,let us consider line 2 of the cébigure 8). At the bottom, it rests on the drum and
on the sides is sandwiched between lines 1 andighvis very similar to the position of the cable o
the V-shaped groove[l4]. In this case, the frictmefficient between the coils of the cable f is
determined by formula

f=%%5 (6)
Sin—-
2
wherqu isthe actual friction coefficientbetween the cdbies;

dis angle of the profile of the cable.

The angle of the profile of the cablelines reetetite conical drum is unchanged, its value will be
d =900 (Figure 9). If its value is substituted itite formula (6), then:

f=141p, )

5:9670

S

Figure 9.Design diagram for determining the angle of thdilgrof rope lines reeled on the conical
drum.
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l.e., on theconical drum, the friction coefficidrdtween the cablelines is 1.41 times larger than t
actualy,, and does not depend on the angle of the drunileuef

If the drum profile has a certain curvature ofiuaR (Figure 10), the angle of the profile of the
cable lines will decrease in proportion to the dase of the curve radius R €0, & < 90°). This,
according to formula (6) will lead to an increadethe friction coefficient between the coils of the
cable f vs. its value on the conical drum. In ttése, it can be assumed that the cable lines will b
exposed to higher friction forces, which will ndgaly affect the service life of the cable. Forsthi
reason, using conical drums in capstan shuntingtveis can be recommended.

e 5,

8

Figure 10.Design diagram for determinihg the angle of thdilgrof cable lines reeled on the drum of
a given curvature.

6. Conclusion
According to the results of the above studies, rdt®nal values of the angle of inclination of the
working surface of the friction drums of the capswinches are within the range of 16.7° to 21.8°.
Greater angles of inclination of the working suefaaf the drum will lead to augmentation of the
friction forces between the coils of the tracti@ble of the winch, which will have negatively effec
on the service life of this cable.

Also, from the point of view of the service lifé the cable, it is recommended to use friction
drums with conical working surfaces in capstan shgrwinches.
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