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Abstract

In this article questions on development and calculation of a perspective design of the gas-distributing

mechanism created at level of the invention, ICE of locomotives are considered. The technique of design of the main
geometrical and thermodynamic features on an example of one of the presented technical solutions is offered. Results of
researches are recommended to design, research and machine-building structures for their possible use in practice.
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1. Introduction

It is known[1-10] that the Diesel generator is an essential
part of the transport and power engineering. Growing
demand for internal combustion engines (ICE) for the
locomotive, shipbuilding, oil and gas industry, low energy,
as well as further the future development of these sectors
brings the task of creating and organizing the production of
new types of dieselengines for themas a priority, subjectto a
product produced by the progressive Techno-economic
performance and higher aggregate output. Increased
efficiency, and reduce the aggregate power metal while
maintaining the modem diesel engines, especially when the
desired increase in reliability and durability require an
extended set of research projects to ensure the strength of all
members of the product, parts and components for full
coverage of the possible factors and their loading conditions
[1-3]. Reliable operation of diesel at the present stage of
development of the engine-building is largely dependent on
the reliability of each of the members of the design elements.
The probability of damage to be particularly low at a
mu ltip licity of similar elements in the design. We also know
[7-9]that the exhaust and intake valves arerespon-governm
ental mechanism for timing details. They are in the
immediate vicinity of the flow of the workflow inside the
cylinder. Lack of reliability of the initial valve operation can
result in damage to the working cylinder, and other critical
parts with the failure of the engine and power plant,
respectively, of the vehicle in many cases with threat to its
security, and always with high material costs of recovery.
Among the details of cylinder-piston group (CPG) is gas
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distribution valves operate in the harshest conditions on the
degree of impact: high uneven heating to temperatures of
active corrosion protection, mechanical wear out shock loads
and vibrations resulting from a variety of stimulating factors.
Given the above, it is clear that the existing structure of gas
distribution mechanism (RM) is still far from finished.
Therefore, research conducted in this field of technology are
highly relevant.

2. Objectives

Considering the above-stated, in Bunin’s ELSU and
OSTU, working out of practical recommendations about
increase of reliability, technical and economic, technological
and operational indicators is spent research on a theme «at
operation and repair of a rolling stock and other equipment
used on Yelets branch of the Southeast railway». According
to the results of the analysis of bibliographic sources and
patent University received a patent for an invention
RU2397336, associated with the modernization of the
camshaft four-stroke internal combustion engine and to some
extent, excluding the above drawbacks. Thus, the purpose is
to improve the design and improvement of performance of
gas distribution mechanisms through application of the new
ICE unknown world practice perforated valve, allowing to
reduce the calorific, shock, and increase the capacity of the
gas distribution mechanis ms.

3. Methods

Diesel timing mechanism works as follows. Suppose that
the valve is composed of a rod and the head 2, is the exhaust
and is a member, for example, four-stroke diesel engine
M750. When the working stroke of the piston in the cylinder
of'the diesel engine 6 (piston in Fig. Not shown) of the arrow
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A, 2 valve head firmly against the seat 3 (fig. 1), which
prevents the penetration of gas into the cavity of the lid 5,
which is known to associated with the zone in diesel exhaust.
As soon as the stroke of the piston is stopped and the bottom
dead center goes into forward motion in the opposite
direction of arrow A, the valve opens (fig. 1.a) and the
exhaust gases moving with the arrow pass through the orifice
formed by the two valve head and a rod, seat 3 and 4 head
cover 5. At the same time the exhaust gases pass through the
slots 7 valve head 2 and is also streaming on the arrow C, go
to the zone in the exhaust cover Figure 1 shows a valve
timing mechanis mofa diesel engine in a closed state, in (fig.
1.b) it is the same, but in the open state in (fig. 1.c) and part
of it in the future. Diesel Engine Timing includes a valve
consisting sisting of a rod and the head 2, which is located in
the saddle 3, pressed into the bottom 4, the cover 5, the
cylinder 6, at the head of the two valves are made grooves 7.

Figure 1. The valvetimingmechanism

Consequently, the current volume of waste exhaust gases
increase at the same time increases and decreases as the
temperature-tension valve head 2 and 3 seats. As soon as the
piston will be a certain distance of the lower dead point, the
valve using a known mechanism for the drive is closed and
the cylinder 6 is a process of compression of the combustible
mixture. At the same time slots will be covered by a seven
seat contact surfaces 3 and 2 and the valve head so that the
gas mixture in the cylinder 6 can not be displaced into the

cavity in the cover 5. In the future, these processes can be
repeated several times. We carry out calculations to assess
the effectiveness of the proposed technical solutions
RU2397336 in the construction of a diesel engine exhaust
valves 14D40 diesel locomotive M62.

Figure 2. The design scheme

Consider a simplified timing diagram of the diesel engine,
which represent the serial exhaust valve and an upgraded (fig.
2) by submitting them to a head in the form of a truncated
cone, forming a small circle which is rigidly attached to the
rod 2. According to the motor namep late data 14D40[4], the
diameter of the valve head d, = 0.088 m. The angle of the
cone valve head internal diametero fthe valve seatdg=0.075
m. The outer diameter of the valve seat D = 0.088 m. Valve
stroke h is a function of crank angle, as well as constructive
to accept that in a head made of the upgraded valve,n = 5
grooves, in which a = 0.025 m and b = 0.030 m. For a
comparative assessment of the capacity of the serial and the
proposed construction of valves using a known method for
determining the cross-section of the valve provided in[1],
which is based on the geometric method of calculating the
valve gap and is as follows:

In the first section of the valve stroke, when the orifice is
the correct form of the channel cross-section of which is the
lateral surface of a truncated cone with generator equal to the
length perpendicular to the speaker cone valve, assuming
that the length between the valve and seat (see fig. 3, where
the valve is outlined by a solid line). This section ofthe valve
for mass and, accordingly, proposed by the formula:

|
fser — ﬁhl(do +Eh1 sin2a)cos a,

1.
fper = ”hl (do +Eh1 sin2a)cosa + Sper’ (1)

where h - the valve on the first section, m, h; = 0.1 m.

In the second portion of the valve stroke, when hy =0.3 m.
Perpendicular frompoint A to the cone valve passes the cone
section of the valve seat and lose the character of the right
channel and then the orifice can be determined depending on
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the series as, respectively, for the proposed structures and the
valve:

Serial valve

R

Valve RU2316655, RU 2433283

Figure 3. Graphs of the distribution capacity of the valve
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In the third section of the valve stroke where, for example,
h; =0.045 m orifice in the gas path is minimal. Given the
place occupied by the valve stem to determine the
cross-section in this case can be determined from the
dependence of as, respectively, for series and a promising
valve:

T 0 T
Fror =5 =) f ey :Z(dj—d;)+spe,, 4

where dgj, - the diameter of the valve stem, dg, =0.023m.

Substituting in these equations corresponding to the
numerical values of the geometric characteristics of the serial
and long-term valve area were determined flow area of valve
slits for the two study designs, the area where you move the
valve by 10 mm, respectively, were equal to 17.0 -10* and
53.8:10™* m?, while moving at 30,0-10* n?, 28.4-10* m’ and
65.9:-10* m’ and a maximum displacement of 45.0-10™* n?,
respectively, were 39.4- 10* m’ and 77.5-10* m[8]. It is seen
that the average rate for a prospective design in a 2.48 times
higher than for the series.

By varying the geometric dimensions of the holes,
grooves and channels, you-filled valves in the heads and the
rod, on the basis of patents (RU2397336, RU2316655, RU
2433283), providing a reliable overlapping compression
chamber and the engine exhaust manifold with respect to a
diesel engine 14D40, set reasonable size perforated holes
and phase diagrams (see fig. 3), which indicated their total
area designated for the passage of exhaust gases in
comparison to the entrance area, which is provided in the
current commercial valve.

The calculation results show that with increasing flow

—d 2
ﬂZ °~tga] +8 per-(3)
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section area of holes, grooves and channels of the rod,
available in the future designs of valves, in comparison with
the serial, its throughput ability of respectively 1.45 and 1.8
times higher than that of the serial. We believe that the
process of heat exchange that takes place in the valve head,
as serial and modernized stationary samples taken, and the
head valve is a flat wall. In this case, used the differential
equation of thermal conductivity of the form:

avit+ j—j =0, (5)

when, V2- the Laplace operator

V2= o> o o
T a2tz A |

oy- oOx° 0Oz

Assuming that the internal heat sources are not available
(gg = 0), then equation can be written in final form:

oh ot ok ©
dx2 dy?2 az2 ~ "
To determine the amount of heat passing through the unit
to the wall surface per unit time in the direction of the x-axis,

usually used by law Fourier Given that q = —%, after

(o1 —tpo) .
= Ll —fez- values in the

the
5

expression of Fourier's law we obtain the
relationship:

o at
substituting L=
following

at at
qg=-11) Pl —2,(1 + bt) o (7

Integrating expression in the range from x =0 to any of the
current X coordinate in the interval from t.; to t obtain an
expression characterizing the temperature field:

2
t= G+ea) - 2= -1 (8)

From this equation it follows that the temperature of the
wall thickness varies according to the law and the nonlinear
nature of the temperature curve is determined by the sign and
the dimensionless coefficient b, whose value can be

determined by the formula:
b=— 2510 thin —2 gt +29x

) ©)
where tg, - the temperature of the valve is installed at its
height, ‘Ctin -temperature end of the valve head, C; A,-
thermal conductivity of steel W / m-C.

As calculated data distribution of the thermal field at a
height of the valve taken the initial parameters obtained by
Shiryaev[19] and is shown in fig. 4.

2 2
AOtﬁn =gty

* 870 N

_ 5
585 / "}%R N
) [ EENY
607 B T 1785 T 650

——t— b

Figure 4. Calorific valve serial
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To confirmthe analysis carried out studies on the capacity
and thermal stress and the prospects for mass-tion valve
diesel engine 14D40 experimental studies on the developed
stands in fig. 5. and 6, and simulate how air and heat flows

similar to those observed in the practice of operating a diesel
engine 14D40.

Figure 5. BoothNe 1

Figure 6. Booth Ne 2

As a result, respectively, were constructed graphs,
allowing to evaluate the effectiveness of the proposed
technical solutions in comparison with the serial.

To reduce the dynamic loads resulting in a collision with a
saddle valve plates, proposed technical solution (RU240340
8), and developed the physical and mathematical models to
assess its performance.
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Figure 8. Graph Ne 2

This solution is shown in Figure 9 as a valve seat with a
timing mechanism for internal combustion engines in the
closed position, then open the saddle and the side view.
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Figure 9. The design scheme

The work of the valve timing mechanism for internal
combustion engines is due to the damping of the dynamic
components of the stress in the process to close the valve
which is facilitated by channels 7 and 8, as well as oral
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9-nennye satisfied in the saddle, which creates aerodynamic
resistance to the flow of exhaust gases, thereby unstressed

landing valve plates in the saddle when it is closed.
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Figure 10. The design scheme

Figure 10 shows the design scheme, and below are the
basic equations describing its dynamics. Write the equations
of'the kinetic and potential energy in the form:

T :%(mlz'f +m2222),

1
I1= E[(Cl +6,)z —2¢,2,2, +02222]’ (10)

and using the expressions obtained from the properties of
positive definiteness and the sequence of quadratic forms
defined by the values of the coefficients of inertia and
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stiffness:
ajp=m; = Pi/g,a;,=0, a3, = my = P/g,

€11 =C1 T €2, C1p =-C, C22 =Cp.

As aresult, the dependence for calculating the frequencies
ofthe main oscillations ofthe systemof mass m; and m, of
the form:

2
cP+(c +c )P cP+(c +c )P cc
k.= 24 1 2 )ty 241 1 2 )12 _ 44 2.(11)
1.2 \/ 2PP, g+ 2PP, g PPg

172

Having determined the frequency ofnormaloscillations of
the system were calculated coefficients of the distribution
and amplitude of dependencies:

2
ST —a,k;

2 2 T
Ci _a12k] , Cp—

1 1 2 2
Aé) = IU1A1( )» Aé ) ::uzAl( .

Analysis of the structure of the proposed technical
solution demonstrates that the presence of inductors in the
saddle can dampen shock loads applied to the saddle as well
as to the valve plate in the modes of closing it. Therefore,
determining the mass flow of gas traversed by a W on the
dependence of the throttle:

—uc Al r| 22
W—ﬂ1CA\/f|:f(pljj|:

where the damping factor a(t) can be calculated by the
formula:

(12)

2
a(t):lzg'ﬂ.K'i.S é’ a3
w-d

The method and timing recommendations on the design
chosen on the basis of the results of research and
incorporating approaches to prior selection of basic
kinematic and geometric parameters, the definition of the
limit values of the elemental base loading mechanisms and
coordination parameters obtained and the conditions of
internal combustion engines with the parameters of the
recommended regulations for design and construction of
diesel engines. The research allowed us to expand the
classification of timing shown in fig. 11.
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Main engines and industrial locomotives
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Figure 11. Extended classification of the intemal combustion engine

4. Results

The analysis of the results on the calculation of changes in
the area of channels and experimental studies on the passage
of gas flow in the stand conditions of Fig 6, in the same
direction shows that they are in good agreement with each
other and the measurement error of the order of about 8.6%.
At the same time, by analyzing the graph in fig. 7., It is
evident that the thermal loading, upgraded valve in
comparison with the serial below and the total error in the
calculations compared with experimental data complied
Shiryaev is 16.3%.

Analysis of the calculated values for mass and the
proposed timing of diesel 14D40 shows that the shock load
applied to the valve plate by contacting it with an upgraded
seat, made under the patent RU2403408, declining an
average of 1.91 times, which ultimately will increase the
service life of given node ofthe timing of locomotive diesel
engines.

5. Discussion and Conclusions

The analysis of the carried-out researches showed that the
developed GRM constructional elements with reference to a
diesel engine 14/140 the inventions created at level (patents
of the Russian Federation of RU2397336, RU2316655, RU
2433283), provide a reliable reroof of the chamber of
compression of DVS and its exhaust collector, have the
rational sizes of channels executed in plates and cores of
valves and the exhaust gases intended for passing, reduce
dynamic loadings operating on saddles of valves at their
closing and reduce thermal stress of the last that creates

conditions on increase of operational reliability not only
GRM of locomotives, but also their DVS as a whole. At the
same time, comparing bench experimental, constructional
and technologicalindicators serialand prototypes ofvalves it
is visible that the last are simpler on the device, are effective
in work, less metal-consuming, are maintainable and
technological in manufacturing. Results of research are
recommended to the relevant scientific research institutes
and the industrial enterprises of heavy mechanical
engineering for further studying, completion and possible
introduction of the offered technical solutions in practice.
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