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Juszenu mens080308, 20.108KuU KpbluleK  YuauHOpo8  men/ogo3Hblx  du3sesel,
YuauHApos duseseli Yuc/eHHble UCCAed08aHUsl nposedeHbl 8 cpede
mens1080308, Yucs1eHHoe npozpammuposarust MATHCAD 15.

ModeaupogaHue HaANPsHCEeHHO-
degpopMupo8aHHO20 cOCMOSHUS
npu U32UOGHO-KPYMUAbHbBIX
K01e6aHUsIX 20/1080K YUAUHOPOB
dusesell men/1080308,
asneopumm, npozpamma  0/s
cpedvl npocpamMmupo8aHusi
MATHCAD 15.

A significant contribution to improving the operational reliability of transport diesel
engines and the development of modern mobile diagnostic methods and tools was made
by such scientists as: A.E. Simson, S. Manson, B. Boli, ]. Weiner, D.A. Gokhfeld, V.A.
Chetvergov, V.I. Kiselev, A.N. Savoskin, L.I. Lobanov (MIIT), V.V. Strekopytov, I.G. Kiselev,
L.K. Poilov, V.N. Ivanov, M.N. Panchenko, A.V. Grishchenko, I.A. Rolle (PGUPS), N.D.
Chainova, A.P. Gusenkova and others [1+2].

In Uzbekistan, a significant contribution to the further development and
improvement of theoretical calculation methods and experimental research on the
diagnostics of rolling stock units and components was made by such scientists as
Academician of the Academy of Sciences of the Republic of Uzbekistan, Professor, Doctor
of Engineering Sciences. Glushchenko A.D., professors Fayzibaev Sh.S., Khromova G.A.,
Shermukhamedov A.A., Rakhimov R.V., Khamidov O.R., as well as Ph.D. Kasimov O.T.,
Valiev M.Sh., Tursunov M.Sh., Kudratov Sh.l. and others [3+5].

To study the occurrence of mechanical stresses in the cylinder heads of locomotive
diesel engines under mechanical impacts and the pulsating effect of steam gas pressure
in the cylinder of a 1A-9DG diesel generator for the UzZTE16M diesel locomotive, iterative
and piecewise linear approximation methods were used in the MATHCAD 15
programming environment.

The stress-strain state (SSS) of the cylinder heads of locomotive diesel engines is
characterized by mechanical stresses from gas pressure in the cylinder and thermal
stresses from high temperatures, resulting in a complex stress-strain pattern, especially
in the contact areas with the cylinder liner, valves, and injector. This condition can lead to
cracks, deformations, and a general loss of seal integrity, reducing the durability and
reliability of the locomotive's diesel engine.

Due to the complexity of the diesel cylinder head design, it is difficult to obtain an
analytical solution to the problem of calculating their stress-strain state, therefore, it is
advisable to use numerical methods.

A mathematical model for modeling the stress-strain state during bending-torsional
vibrations of cylinder heads of diesel locomotives under mechanical influences was
compiled using differential equations for bending-torsional vibrations of the shell under
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the influence of pulsating pressure from steam gases in the diesel cylinder and is
presented in articles [6+9].

The block diagram for numerical studies of bending-torsional vibrations of the
model of the interval bridge of the cylinder head in the form of an elastic plate is shown
in Figure 1.

The numerical study analyzes two dynamic contact problems (the block diagram is
shown in Figure 1):

1). Problem 1. Loading the boundary element of the interval bridge of the cylinder
head in the form of an elastic plate with a quasi-static load, taking into account the
increase in static mechanical loading over a certain time interval t,.

2). Problem 2. Loading the boundary element of the interval bridge of the cylinder
head in the form of an elastic plate with a harmonic load under pulsations of the vapor
gas pressure in the cylinder qp(X,Y). In this case, we perform the second solution option
for the system of equations (1)+(2) for the conditions of decomposition of the functions
of the external dynamic load into series corresponding to the harmonics arising from
pulsations of the vapor gas pressure in the cylinder g»(X,Y) [7].
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INITIAL DATA ENTRY
1. Mass and geometric parameters for the
interval bridge of the 1A-5D49 diesel
locomotive cover.
2. Parameters of dynamic loading modes.

1,2 calculation modules PROGRAM 1

1). Organization of a cycle for harmonic load with pulsations of steam gas pressure
in the cylinder gp(X,Y) (cycle over N) FOR n=0 TO 3;

2). Frequency analysis of the system using the iterative method to solve a system
of transcendental (having a large number of roots) equations: (cycle over K) FOR

3,4 calculation modules PROGRAM 2

Finding elastic deformation coordinates based on the elements of the analyzed models:
DWpsr (X, Y), Qpsr(X,Y) 5 2). Wppin(X,Y), Qpoin (X, Y).

5,6 calculation modules ‘ PROGRAM 2

Finding stresses for elements of the analyzed model: oy , o, Txy and checking
dynamic strength conditions agyy < [0p]

Plotting graphs on a computer, using the MATHCAD 15
programming environment, printing tables

END

Figure 1. Block diagram for numerical studies of the stress-strain state of cylinder
heads of a 1A-5D49 diesel engine under mechanical influences.

For bending-torsional vibrations of a rectangular element of the model of the
interval bridge of the cylinder head of a 1A-5D49 diesel locomotive engine W (X) and
Qx(X), the following system of equations can be written (taking into account the
variability of mass and rigidity for the equivalent supporting frame of the cylinder head)

my(x) d2W),, b d*W,  by+2by,x d3W,
G,(x) dt? +2b, 27 G,(x) dx3
d*wy  ip(x) diwy 51+428,x A3Wy  ny(xt) 1
T dx* Gn(x) dx2dt? N Gn(x) dxdtZ  Gp(x)’ (1)
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ig(x) d20)  ri+2rxdO)  d%0) _ ng(xt)
Gy (x) dt? Gy(x) dx dx? Gr(x) "

(2)

A solution for the actual design dimensions of the interval bridge of the 1A-5D49
diesel locomotive's cylinder head was obtained numerically for aboundary element in the
form of an elastic plate using piecewise linear approximation and node coupling. The
MATHCAD 15 programming environment was used for the numerical analysis.

As a result, graphs are constructed for the flexural-torsional vibrations of the most
heavily loaded element of the intervalve bridge of the 1A-5D49 diesel cylinder head. The
natural frequencies of the intervalve bridge elements of the 1A-5D49 diesel cylinder head,
associated with the boundary conditions of the clamping along the contour, are found
using frequency equations using the iterative method for a boundary element in the form
of a plate clamped along the contour.

As a result of numerical studies on the stress-strain state of the elements of the
interval bridge of the 1A-5D49 diesel engine cover, the following general conclusions can
be drawn:

- under mechanical impacts from pressure pulsations P, the maximum torsional
stresses are small Trggrs(x) and vary along the length 0 < X < £, from 0 to 2.455 MPa
(Figure 2);

- the maximum bending stresses ¢y (x) are significantly higher and vary along
the X coordinate from 0 to -60,518 MPa;

- the maximum total stresses gy (x) under mechanical impacts do not exceed
65,203 MPa with pressure pulsations Pg from 4.9 MPa to 5.05 MPa (according to the
results of experimental studies) (Figure 3).
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Figure 2. Graph of the change in maximum stress along the length of the
intervalve bridge of the 1A-5D49 diesel cylinder head made of VCh50 cast iron with a
change in coordinate 0 < X < #p:

total maximum stresses gy (X);

------------ maximum bending stresses aggy(x);
————— maximum torsional stresses Trggs(X).

This article develops a comprehensive analytical and numerical method for studying
the stress-strain state of the most heavily loaded element of the intervalve bridge of the
1A-5D49 diesel cylinder head under mechanical stress and vapor pressure pulsations in
the cylinder. We have developed a methodology for engineering calculations of the stress
state of locomotive diesel cylinder heads under mechanical stress and vapor pressure
pulsations in the cylinder, with the selection of rational parameters for rolling stock based
on theoretical, experimental, and design work based on previously completed scientific
research [6+9].
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PucyHok 3. 'padrk n3MeHeHHs1 MaKCUMaJIbHbIX HAPS>KEHU U 110 JJINHE

MeXKKJIallaHHOW MepeMbIYKU KPbILIKY HUUJAUHAPA Au3sesns 1A-5D49

13 yyryHa mapku BU50 ogy), (x) npu n3aMeHeHUH KoopauHaThl 0 < X < £p

Y NpU OyJabcanuax AasiaeHus Pp ot 4,9 MIla go 5,05 MIla (nmo pesyabTaTtam
annpoKCHMMalMU 3KCIePUMEHTAbHBIX UCCJIe0BAaHUN CIIIalH-QYHKIHEN ).
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