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MEASUREMENT OF VERTICAL, LATERAL AND LONGITUDINAL FORCES
AFFECTING ON THE FRAME OF A SUBWAY CAR BOGIE

Rahimov R.V., Baltaev M.B.
Tashkent state transport university, Uzbekistan, Tashkent

Abstract: The purpose of the study is to develop a method for determining the vertical, lateral and longitudinal
forces acting on the frame of a subway car bogie. Theoretical researches of the loading of the subway car bogie
frame using the finite element method under the action of vertical, lateral and longitudinal forces on it have
been carried out. As a result of the research, the installation locations of the strain gauges and the method for
processing the received signals were chosen to determine the dimensional force effect on the frame of the subway
car bogie during running dynamic tests of the wagons.
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W3MEPEHHUE BEPTUKAJIBHBIX, BOKOBBIX ! ITPOJOJIBHBIX CHL,
JEUCTBYIOIIUX HA PAMY TEJIEZ KK BAI'OHA METPOIIOJIMTEHA

Paxumos P.B., baaraes M.b.
TamkeHTCKUl rocy1apCTBEHHBIN TPAHCTIOPTHBIN YHUBEPCUTET, Y30eKkucTaH, TalkeHT

AnHOTANUS: [[envio uccnedosanus s6asemcest pazpabomra Memooa onpeoeenus 6ePMuKaIbHblX, DOKOBbIX U
NPOOOTLHBIX CUTL, OCUCMBYIOWUX HA PAMY MENeNHCKU 8a20HA Memponoiumena. Bvinoanenst meopemuyeckue
UCCIe008AHUL HASPYIHCEHHOCMU PAMbL  MENENHCKU BA20HA MEMPONOIUMeHd ¢ UCNOIb308AHUEM Memooa
KOHEUHbIX IIEMEHMO8 Npu OelUCmeuu Ha Hee 8ePMUKAIbHBIX, OOKO0BbIX U NPOOOTbHbIX cul. B pesyromame
UCCNEA08ANHUT BLLOPAHBL MECMA YCIMAHOBKU MEH30PE3UCMOPO8 U CNOCOO 0OPAOOMKU NOYUAEMbIX CUSHANO8 OJIs
onpeoeneHusi RPOCMPAHCIMEEHHO20 CULOBO20 8030CUCMEUS HA PAMY MENENHCKU 8A20HA MEMPONOIUMEHA Npu
npoBedeHUU X0008bIX OUHAMUYECKUX UCNBIMAHUL 8A20HO08

KawueBble ciioBa: Pama meneiicku, Haepy#CeHHOCHb, CULd, MeCmd YCMAaHOBKU MEH30PE3UCMOPOs, CXeMa
COeOUHEeHUSI MEeH30Pe3UCOPO8, OUHAMUYECKUE UCTIbIMAHUSL.

In modern Tashkent, one of the main types of urban passenger transport, which has a high route
speed and carrying capacity, is the metro. In recent years, in order to develop the infrastructure of the
Tashkent metro, additional underground and aboveground metro lines, as well as metro stations, have
been built. As a result of the work carried out in 2016-2021, the total length of the metro line was
increased from 38 km to 59 km, the number of stations — from 29 to 43, compared to 2016, the capacity
of passenger traffic in the Tashkent metro increased by 2 times, daily passenger traffic increased from
160 to 360 thousand [1].

Today, the metro performs the most important economic, social and strategic functions, being
an integral part of the passenger transport complex of the city of Tashkent, which necessitates the need
to ensure a high level of metro safety.

The increased requirements for the reliability of the metro rolling stock are due to the movement
of trains in tunnels and on overpasses at short intervals in conditions of poor track development.
Therefore, the most important characteristic of the metro rolling stock is, first of all, reliability and
dependability. At the same time, the indicators of the dynamic qualities of the wagons are also
important parameters for ensuring passenger comfort [2, 3].

When assessing the dynamic qualities of rolling stock, it is important to accurately measure the
coefficients of vertical and horizontal dynamics of the wagon, which are calculated from the results of
measurements of dynamic processes arising from the interaction of rolling stock and track [4-7].

According to GOST 33788-2016 [8], the method of measuring vertical forces, by which the
coefficient of dynamic addition of the sprung parts of the wagon bogie is determined, includes the
installation of two strain gauges located in the middle part of the lateral longitudinal beam of the bogie
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frame from above and from below, connected in a half-bridge scheme, determining the vertical forces
by the difference of signals according to the formula:
E
Pver = Kver 'm(‘c"l_gZ)'
where Kver — constant scale coefficient for measuring vertical force; E — elasticity modulus;
1 —Poisson’s ratio; & — deformations caused by normal stresses oi, recorded by the i-th strain gauge.
There is also a known method for measuring the vertical forces acting on the frame of a bogie
of subway cars used by test centers, including the installation of two strain gauges in the middle part
of the lateral longitudinal beam of the frame from above along the edges, connected by a half-bridge
scheme, determining the vertical forces by summing the output signals according to the expression:

Poer = Kuer '&(6‘14_82)'

However, carried out researches [9] show that the main disadvantages of these methods are the
error in determining vertical forces associated with the influence on the measurements of longitudinal
and lateral forces acting on the bogie frame of the wagon, and the inability to determine the numerical
values of lateral forces.

In addition, according to GOST 33788-2016 [10], the method of measuring the lateral forces
acting on the bogie frame of the wagon includes the installation of four strain gauges on the lateral
longitudinal beam of the bogie frame from above and from below along the edges, connected to one
measuring bridge to determine the lateral forces according to the formula:

E
P.=K. . ——l(&—¢&+&—¢&,),
lat lat 1_qu( 1 2 3 4)
where Kiat — constant scale coefficient for measuring lateral force.

The inability to determine the numerical values of the vertical forces acting on the bogie frame
of the wagon is the main disadvantage of this method.

In [9, 10], taking into account the disadvantages of existing measuring schemes, a new
measuring scheme was developed and tested to determine vertical and lateral forces, with the help of
which indicators of vertical and horizontal dynamics of a subway car are calculated. According to this
scheme, four strain gauges are symmetrically installed on the lateral longitudinal beam of the bogie
frame on both sides along the edges so that two strain gauges are located on the outer side of the lateral
longitudinal beam of the frame, the other two on the inner side. At the same time, strain gauges with
four compensating strain gauges are connected to measuring bridges in such a way that the connection
scheme of the strain gauges allows receiving two output signals. Processing of output signals for
measuring vertical and lateral forces acting on the bogie frame of the wagon during movement occurs
through addition and subtraction of the values of the output signals from the installed strain gauges,
according to the formulas:

E E
Pver = Kver 'm((‘c"l _‘94) - (82 _‘93)) = Kver m(sl - SZ)’

E

E
R Klat'm((81_84)+(82_83)): K|at'l—z(81+sz)’

at
where S1 and S, — output signals of measuring bridges.

However, for a complete analysis of the loading of the frame structure, it is important to
determine (research) the spatial — vertical, lateral and longitudinal forces acting on the frame of the
bogie of the subway car.

In order to find new places for installing strain gauges and a method for processing the received

signals, allowing to determine with sufficient accuracy the values of the forces acting on the frame of
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the bogie of the subway car, theoretical researches were carried out using the finite element method.
The research took into account the effect of spatial loading of the bogie frame of the subway car.

As a result of the research, it was found that the most promising is the placement of eight strain
gauges on the lateral longitudinal beam of the bogie frame on both sides. In this case, four strain gauges
are located on the outside of the lateral longitudinal beam of the frame, four other strain gauges are
located on the inside. The scheme of installing strain gauges on the lateral longitudinal beam of the
bogie frame of the subway car is shown in Figure 1.

Figure 1: Scheme of the installation of strain gauges on the lateral longitudinal beam of the bogie frame of
the subway car: 1-8 — numbers of strain gauges

To obtain output signals, the strain gauges are connected into eight measuring bridges (Figure
2). Each measuring bridge contains one working strain gauge and three compensating strain gauges,
which are connected to a computing device through measuring devices, which makes it possible to
obtain addition and subtraction of output signals S1-Sg for calculating vertical, lateral and longitudinal
forces acting on the bogie frame of the subway car during movement.
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Figure 2: Connection scheme of strain gauges in eight measuring bridges for measuring vertical, lateral
and longitudinal forces acting on the bogie frame of a subway car during movement

Then the values of vertical, lateral and longitudinal forces expressed in terms of deformations
&i have the form:

E
I:)ver:Kver° 2(81_‘92+83_84+85_‘96+87_88)'
1-u
E
Pat = Kiae - 2(51"'32"'53"'54_55_56_57_58)1
1-u
E
I:)Iong = KIong .1_/12 (81_82_83_84_'_85_'_86_87_‘98)’

MEXIAYHAPOIHAA HAYYHO-TEXHUYECKA S .
KOH®EPEHIIA PECYPCOCBEPEI'AIOIIME TEXHOJIOI'MU 622
HA TPAHCIIOPTE”



“TRANSPORTDA RESURS TEJAMKOR TEXNOLOGIYALAR”
xalgaro ilmiy-texnikaviy anjumani

where Kiong — constant scale coefficient for measuring the longitudinal force.

Thus, as a result of theoretical researches, the installation locations of strain gauges and the
method of processing the received signals were determined. The developed method makes it possible
to determine with sufficient accuracy the spatial force acting on the bogie frame of a subway car during
running dynamic tests of wagons. At the same time, the measurement error of vertical, lateral and
longitudinal forces is no more than 2%.
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