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Grapho-analytic method of determining the minimum groove at the pivot root of
symmetrical switches

Switches are a barrier place in the track for setting the permissible speeds for trains on the main
tracks, as they have special structural devices for branching traffic from the main track to the secondary
track. Symmetrical switches have a number of advantages compared to conventional ones: with the
same brand with conventional switches, symmetric ones allow significantly higher speeds for the train
movement with side tracks; symmetrical switches have a shorter length with the same radii of the
transfer curves; it is possible to apply crosspieces with a larger angle than in the conventional switches
while preserving the length of the curve and the radius. The specified qualities of single, versatile,
symmetrical switches determined their use scope. On the main transport tracks, symmetrical switches
are used in sorting parks of the stations, as well as in main tracks when it is necessary to achieve
increased speeds of movement on both side tracks. Symmetric switches according to the purpose and
design have the significant differences from the most conventional switches, and therefore the study of
these designs is important and relevant. Moreover, very few scientific works were devoted to such
studies of Ukrainian railways.

Keywords: symmetric switches, design, minimum groove between the pivot and the frame rail.

Introduction. The design of symmetric directional switches is significantly different from the design
of conventional one-way switches. A complete methodology for designing the parameters of a
symmetric switch with curvilinear pivots is needed. At the same time, special attention should be paid
to the issues of mutual location of the diverted pivots and frame rails, and determining the dimensions
of the groove between them, i.e., so that the wheels of rolling stock do not touch the diverted pivots with
the inner side face of the rib. The safety of the movement of wheel pairs on these switches depends on
a rational solution to this issue.

Analysis of the latest research and problem statement. Technical issues that need to be solved by
Ukrainian railway include the issue of improving the structures of switches and their individual elements
[1, 2]. The issues of improving the geometric parameters of switches in order to improve the dynamic
interaction of rolling stock and switch elements are given considerable attention abroad [3-5]. At the
same time, insufficient attention is paid to the design of symmetric switches. The study and analysis of
technical literature [6-12] show that the calculations of symmetrical multi-way switches are given very
briefly, in some parts only fragmentarily and, as a rule, with references to the calculation method of
ordinary switches that are not completely identical. Furthermore, it applies to the methods of designing
structural units of symmetrical switches and the features of their design for various operating conditions,
including the methods of determining the actual minimum groove between the frame rail and the
diverted pivot.
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The purpose and objectives of the research. The purpose of the article is to present a new method of
calculations and design of symmetrical switches. The task of the research is to introduce the previously
missing calculation of the minimum groove according to one of the two possible cases of the mutual
location of the frame rail and the diverted pivot (respectively, the root distance is bigger than the stroke
of the shutter — u? > sh, and less— u? <sh ).

Research materials and methods. One of the two cases of mutual location of the frame rail and the
diverted pivot is when the root distance is smaller than the stroke of the shutter at the switch drive (
u?<sh,, Fig. 1).
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Fig. 1. Muwal arrangement scheme of the frame rail and the diverted pivot at U? < sh,

For the scheme, the minimum width of the groove between the frame rail and the pivot is determined
between 2 competing sections — against the end of the horizontal groove of the pivot (point b1), where
the distance from the horizontal CQ to the working face of the frame rail (outside the groove of the
pivot) will be the smallest (t;. ).

To determine the required values, it will be performed auxiliary construction in the scheme (Fig. 1).
A chord 4 B between the root of the pivot (point B) and the attachment point of the switch rod to the

pivot (in the point 4,) has been drawn.
The maximum arrow of the segment f, from the chord A B will be located on the perpendicular
radius passing through the middle of the chord — the point B, . The distance between the points B,D, =t,

has been shown on the continuation of the perpendicular radius against the arrow, but the vertical
distance between the points B,D =t°, , will be the minimum vertical distance between the drawn pivot

min—-1

and the calculated horizontal CQ. In this section (against the pointB,), it is need to determine the
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minimum distance DD, =t; , from the frame rail to the calculated horizontal CQ . And after that, it is

need to determine the total minimum groove between the diverted pivot and the frame rail in the first
competing section — against the point B, — in the place of maximum pivot bending

(tmin—l )Ve” = t:ﬂn—l + trilrin—l ' (l)

The second competing minimum distance between the outer edge of the pivot and the frame rail (Fig.
1) must be determined against the point b, (the end of the horizontal groove of the pivot) in the section

b,E,E

(tmin—z )Ven = tr(r)1in—2 + trsnrin—Z ' (2)
To calculate the minimum distance b E, =t,,, , from the diverted pivot to the calculated horizon CQ

, it will be performed the following auxiliary constructions in the scheme (Fig. 1):
- draw the radius Obb, from the center of the circle to the pointb, —the end of the sharpener;

- draw also the radii OC, and OA ;

- draw the horizontal A F to the intersection be and B,B, with the vertical QBF at the root of the
pivot;

- draw a chord A B and perpendiculars in the sections under consideration from the points b and
B, to the horizontal A F .

The problem is solved in 4 stages.

1 stage. Definition t,, , in the section B,D .

min-1

Find the value Sh, of the distance between the points A i A, using the formula [13, 14]
sh, =sh+t/,, (3)
where the thickness of the pivot against the arrow thrust t,, is determined [13, 14] by the formula

tlm =R, (COS B~ COS(AH +B, )) ' 4)

where the angle g, = Ri’ a=360 mm [13, 14].
0

The value of the ordinate BQ =U? in the root of the pivot [13, 14] is defined according to the formula
U/? =R, (COS B, —cos :B_/uzl—z) . (5)

After that, it is necessary to compare the values of sh and U 9, in order to be sure of the initial
condition in the problem solution according to the scheme of Fig. 1 for the case, when U? < Sh,.
2. Find some auxiliary values for determiningt?, , . Half the length of the chord A B marked as

B,B = A B, is determined [13, 14] by the formula
BlB:AlBlzRO-sin%—;h. (6)
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The whole length of the chord
AlB:BlB+B1A1:2R0-sin%—;“. 7)

The maximum arrow of the segment from the chord A B is found [13, 14] according to the formula
f,=R,—B,O. (8)
The length of the perpendicular to the chord is found by
B,O=R, -cos% . 9)
The value of the segment BF is determined by the formula
BF =sh, -U’. (10)

The angle BAF marked £ will be determined by
BF _sins. (11)
AB

The length of the segment B B, is determined by
B,B, =AB,-tg5 . (12)

The distance between the points B,B, is found by
B,B,=f,+BB, = fl+(RO-sin%j-tg5. (13)

The vertical distance between the points B,B, , marked B,B, =Z, in Fig. 1is by
Z,=B,B, =B,B,-cosJ. (14)
3. After that, determine the desired t,, , = B,D value in the section B,D

min-1 —

UO

tyns=Sh, —Z, - o5 (15)
For further calculations, find the length of the segment B,D,
i -1
B,D, = 2. (16)
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2 stage. Definition t, , in the sectionb,E, .

Find the auxiliary values. The angle OA b of the triangle OAb (Fig. 1) is defined by

180" -
LOAD = s gy e (17)

The angle ~bA e, denoted as the angle x, is found by considering two trianglesbAe i OAF

Zx=/0Ab-FAO, (18)
where
ZFAO=/BAO— /8 =90 —%—;'—5, (19)
i.e.
/X =90 = St (90 _fon _ 5) o 5 D (20)
2 2 2 2

The length of the perpendicularbe , lowered from the point b to the horizontal A F and marked as
be =2, inFig. 1, is determined by

Z,=Ab-sinx. (21)

0
min—2

2. After that, determine the desired value t using the formula

tom. =Sh,—Z,—-U,-cosx. (22)
3 stage. Definition t7, ,, t , 1U,_.

1. Determine all the abscissas along the calculated horizontal, which are necessary for finding the
ordinates in the location of the working frame rail face relative to the horizontal CQ .

It is necessary to determine the abscissas: CE,,CD, CQ.
Determine the value CE, by the formula [15]

CElzi;:./ROZ—(RO—B)Z—A:a/ZRoB—BZ—A. (23)

Length CD =360 mm+ A,D.

AD=AB;, (24)

where
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ABs = AB, - B,B;;

A182 = AlBl ;
C0So (25)
B,B, =27, -tgo;

iy Po-s
AlBlzRO-sm%.

Thence

sin Yosh.

AB,
D=AB; = —Z,-tg0 =R, —Z,1g6 . 26
A 5~ c0sS 1 055 118 (26)
The abscissa CQ =1; is the projection of the pivot onto the horizontal (Fig. 1) and is determined [15]

by the formula
I;) =Ry -siNBry 1 — Ry -sinfy ;- (27)

So, all necessary abscissas are defined.
2. After determining the abscissas, find the necessary ordinates. The procedure for calculating is.
2.1. The ordinate U, — from the frame rail to the calculated horizontal CQis determined by the

formula

Usr =BQ= Rs"r] - C0S ﬁst—z _R;: " cos ﬂfu"*2 ) (28)

2.2. The first sought ordinatet® . is determined by considering the equation of projections relative

min—1
to the central angle 5., . The central angle g against the desired ordinate t;, , ata point D, can be

min-1

determined by

Ry -sinB, —R}-sinfy ,=CD. (29)

From the formula (29), sin B is determined, and then the angle Ba - After that, determine the first

sought ordinate t, , in the section DD,

min-1

tyns =DD, =R} -cos B, , R -cos B . (30)

min-1 —
min -

2.3. The second sought ordinate t* . is determined in a similar way to t* considering the

min—2 min—1 ?
equation of projections relative to the central angle 5., . The central angle g, against the desired
ordinate t

min—2

at the point E is determined by
Ry -sinB., —Ry-sinf ,=CE,. (31)

Next, sin B

min—2

is determined firstly, and then the angle . itself by the formula (31).

After that, it is possible to determine the second desired ordinate t'-

min—2

in the section E,E
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ton o = EE, = Rslp -0 By, _Rsirr] COS P (32)

min-2

4 stage. Determination of the required minimum width values of the gutter between the frame rail
and the removed pivot in the calculated sections t and t___ and the absolute minimum guttert

min—-1 min—2 min min

Solving the problem of determining the minimum values of the gutter width between the frame rail
and the diverted pivot for the calculation scheme of Fig. 1 is performed by methods of analytical
geometry. For this, in addition to the main calculation scheme (Fig. 1), it must be analyzed additional
calculation schemes in Fig. 2 and Fig. 3, which presents a detailed consideration of the grapho-analytical
solution to the problem of finding the minimum dimensions of the gutter in the calculated sections B,D,

(against the maximum bend of the pivot) andb,E (against the end of the pivot groove).

The minimum width of the guttert, , (vertically) in the zone of maximum pivot bending (in the
section B,DD, ) is defined as the sum of the smallest distances from the calculated horizontal CQ to the
diverted pivot, and to the frame rail in the section B,DD, (Fig. 2)

(tmin—l )vert = tr?'lin—l + trs;:in—l . (33)

The minimum width of the guttert_, , (vertically) against the end of the horizontal pivot groove (in
the sectionb,E,E ) is determined by the same method as the sum of the smallest distances from the
calculated horizontal CQ to the diverted pivot, and to the frame rail in the section b,E E (Fig. 3)

(tmin—Z )vert = tr?]in—z + trsnrin—z : (34)
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Fig. 2. Diagram for determining the minimum width of the chute t_,, , in the zone of maximum
tip bending
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Fig. 3. Diagram for determining the minimum chute width t
horizontal gouging

against the end of the

min—2

The absolute minimum qutter tminmin between the frame rail and the removed pivot is determined by
comparing the two found values of the minimum gutter (t,;, ). and (t,._, )., - Moreover, the ordinate
of the absolute minimum gutter is searched for and determined not vertically, but along the shortest
distance between the frame rail and the pivot. The shortest distances between these elements are
determined along the normal to the conditional middle line of the gutter MN . Calculations show that
the generally variable angle of inclination of the middle line of the gutter MN to the calculated
horizontal CQ will be equal to the algebraic half-sum of the inclination angles to the horizontal of the

working face at the frame rail and the non-working face of the diverted pivot in each calculated section.
Taking into account it, the formula for determining the minimum width of the gutter along the normal
in the calculated sections B,DD, and b,E,E (Fig. 1) will have the following form:

in the section B,DD, (Fig. 1 and Fig. 2)

Bs +0 (B, +O L. -0
(tmin—l )norm = (tminfl )vert -COs [tm#] - (tmin—l )vert Sl (%J ‘g L%J ' (35)

in the section b E,E (Fig. 1 and Fig. 3)

Lo +x Lo +x L. —X
(tmin—Z )norm = (tmin—2 )vert -C0S (%J - (tmin—z )vert ' Sin{ tmin; J : tg { tmin;_ ] . (36)

From the two determined calculated values, it has been choosen the absolutely smallest value, which
will determine the absolutely minimum groove between the frame rail and the removed pivot
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(tmin* )norm

. des
(tmim2 )norm min (tmin min ) : (37)

At the end, it should be compared the actual minimum design groove t® _ with the minimum

min min

permissible groove [t ]

min min

=71 mm [7], and when the inequality t5 . >[t.. ]accep is fulfilled, it has

accep
been concluded that the safety conditions for the movement of wheel pairs are ensured. But, if the
specified inequality is not fulfilled, it is need to choose other geometric parameters, first of all, change
the length of the pivot, the radius of curvature or the starting angles of the symmetrical switch.

Conclusions. A refined method of designing a symmetric switch with curvilinear pivots has been
proposed, which allows obtaining rational dimensional geometric parameters.

A new approach to the design of symmetric switches with multifactor initial conditions allows
reducing such switch parameters as: theoretical and practical length, length of frame rail, length of
connecting rails, and length of transfer curve.

Reducing the total length of switches will allow wider use in the compressed conditions of the track
stations’ development.

Optimum geometric parameters of symmetric switches will make it possible to reduce the cost of the
construction in general by reducing its metal capacity while preserving the conditions for the safe
movement of trains at the set speeds.
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YOniiinux Onena Anopiiena”, >’Kywimap Jleca Bikmopiena

Kanaupaar TexHiuHuX Hayk, JoueHT Kadeapu JoueHT kadeapu «3ali3HHYHA KOJS Ta KOJiliHe
rocroiapcTBo», JlepkaBHuil yHiBepcuTeT iH(pacTpyKTypu Ta TexHoiorii, Byn. KupuiiBceka, 9, m. Kwuis,
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2Kanaunar dinonoriuamx Hayk, nouent kadenpu «IHosemHoi ¢inosorii Ta mnepeknamy» JlepikaBHuii
TOProBeIbHO-eKOHOMIUHHM# yHiIBepeuTeT, By Kioro, 19, m. KuiB, Ykpaina, 02156, ORCID: http://orcid.org/0000-
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I'padoananirnunmnii MeTo BU3HAYECHHS MIHIMAJIBbHOIO 7K0/100y B KOpPeHi BicTpsika
CHMETPHYHOI0 CTPIJIOYHOI 0 NEePeBoay

Cmpinouni nepesoou € bap €pHum micyem 8 Koaii 018 NPUHAYEHHS OONYCIMUMUX WBUOKOCHEN DYXY
noi30i6 No 20106HUX KOIAX, MAK AK B0OHU MAOMb CHeylaibHi KOHCMPYKMUBHI Hpunaou O
BI02ANYIHCEHHSL PYXY 8I0 20106HOI KOl Ha Opyeopsaony. Cumempuuni cmpiiouHi nepesoou Maioms psio
nepesaz NOpPiGHSAHO I3 36UHAUHUMU. NPU OOHAKOSIU MApyi i3 36UYAUHUMU NEPEeBOOaAMU CUMEMPUYHI
003601A10Mb  peanizyeamu Cymmeso Oibi WEUOKOCMI pyXy HOi30i8 OOKOBUMU KOMIAMU, NpU
00HAKOBUX padiycax NepegiOHUX KPUBUX CUMEMPUYHI Nepesoou MAlomb MeHULy OO0B8MHCUHY, Npu
30epedcenti 008AHCUHY KPUBOT I padiyca MONCHA 3ACMOCY8AMU XPECMOBUHU 3 OLTbUUM KYIMOM, HIJC Y
36UHAUHOMY Nepegoldi. YKazani AKOCMI OOUHOUHUX DIZHOCWMOPOHHIX CUMEMPUYHUX CMPITOYHUX
nepesoodis suzHauuau ix cgepy zacmocysanna. Ha xoniax mazicmpanvrozo mpancnopmy cumempuyni
CMPINOYHI NEPesooU 3aCMOCO8YIOMbCA 8 COPMYBANLHUX NAPKAX CIANYIL, A MAKOJIC 8 20JI08HUX KOTIAX
KOU NOmpibHo Oocsemu nidsuujenux weuokocmeti pyxy Ha obuogi 6okosi xouii. Cumempuuni
CMPINOYHI nepesedu 3d CB0IM NPUSHAUEHHAM [ KOHCMPYKYIEID MAwomb CYymmesi GIOMiHHOCMI 8i0
HAUOLIbUL  PO3NOBCIOONCCHUX 36UUAUHUX CMPIIOYHUX Nepeoidis, | MoMY OOCHONCEHHS OAHUX
KOHCmpPYKYitl € eanxcaugumu U axmyanvuumu. Tum Oirviue, wo maxum 00CAIONCEHHAM HA YKPATHCOKUX
3aniZHUYAX OYI0 NPUCBAYEHO 308CIM MALO HAYKOBUX NPAYb.

Knrouoei cnosa: cumempuuni cmpiiouni nepesoou, npoeKmy8aHHs, MIHIMALbHUL JHCON00 MIdC
BICMPSAKOM | PAMHOIO PELKOIO.
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