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Abstract This article presents information on the development of advanced device structures aimed at improving the
sustainability of full trailers, transported in the train car, wagging at last. Based on the analysis of existing designs automotive
trains revealed their significant drawbacks, and one of them is the question of stability of motion trailed their links. Therefore,
the aim of this study is to develop technical solutions created at the level of inventions so as to avoid wagging trailer as it
moves in the automotive trains. As a result of conducted analyzes of vibrations and force loading of structural elements of the
trailer, can justify the basic rational geometric parameters of such structures. For this purpose developed numerical schemes
and methods of the study, with the help of which explored issues of reducing vibration trailers. Results of the study are
recommended for both domestic and foreign research and industrial structures in the automotive industry for the purpose of
further study and possible implementation in practice.
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. One of the most important structural elements of
1. Introduction automotive trains, from the point of view of safety of their
movement, as well as ease of use and security of cargo, are
the fifth wheel, brake, electrical and pneumatic-hydraulic
equipment. A distinctive feature of the towed vehicles is the
availability of devices that enhance the stability of the
motion, which perform a number of important functions, to
ensure the stability of the longitudinal and transverse motion
cushioning of impacts under varying modes of interaction of
the individual components of the train units, as well as the
convenience and minimum time for the formation of the
composition.

A distinctive feature of the towed vehicles is the
availability of devices that enhance the stability of the
motion, which perform a number of important functions, to
ensure the stability of the longitudinal and transverse motion
cushioning of impacts under varying modes of interaction of
the individual components of the train units, as well as the
convenience and minimum time for the formation of the
composition.

It is known[5] that the vehicle, the driver and the road is a
part of an existing single objective, the whole system called
Vadsa Reliability, as a single vehicle and multi-hop trains,
and, hence, its safety in an operational environment depends

Figure 1. General view of the train primarily on three main indicators characterizing the quality

of design, manufacturability, and proper exploitation related

} not only to traffic safety, but and to maintenance and repair.
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It is known[1-8] that one of the most important industrial
structures of the national economy are the vehicles and the
general development of their infrastructure. The
development of the transport system is especially important
for geographically large states, so for Russia, this problem
has been, is and will be one of the most important parts of the
effective economic development and quality of life.

At present, the international community widely used car
trains for the transport of cargo and vehicle consisting of a
tractor and two-axle trailer-truck (Fig. 1).
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interaction of links automotive trains in their tractive
connection authors Khachaturova A.A., Zakina Ya.Kh.,
Shchukin - M.M., Velykanova D.P., Morozov V.l
Bakhmutsky M.M., Aksenov A.l., Nazarenko A.G,,
Rothenberg R.V., Yatsenko N.N., Ellis D.R. and etc. The
nature of oscillations of the links automotive trains similar to
the vibrations of rail rolling stock and therefore approaches the
study of such processes and techniques in general the same. In
this area also has a large number of works performed by
authors such as Galeev A.U., Lazaryanov V.A.. Phlorinskiy
Ph.V., Vershinskiy S.V., Chelnokov I.I., Kovalev N.A.,
Kochnov A.D., Kostin G.V., Struvillo A.B. and atc. At the
same time known. that all the dynamic forces in the movement
of automotive trains and rolling stock are perceived not only
the fifth wheel of their devices but also Suspension spring Kits,
and, hence, their frame structures and bodies. In the course of
many years of experience in the design and operation of
vehicles towed their frames taken some form layout but,
despite this, they are already not meet the ever increasing
requirements of reliability and reducing their metal content. A
significant contribution to the development of design methods
and design of the chassis and support systems trackless
vehicles have Bocharov N.Ph., Gelphgat D.B., Gorbunov
B.N., Vlasov V.Z., Zaks M.l., Kobrin M.M., Dmitrichenko
S.S., Proskuryakov V.B. and etc.

Road Train is a complex multi-axis lot of mass dynamic
system with a set of elastic and dissipative elements,
different types of disturbances which take place to be linear
and angular, own, forced, parametric and other fluctuations.

In general, the generalized model of the dynamics of train
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consisting of a pick up and trailer-truck N is shown in Figure
2, thus, the following assumptions are:
1) Not taken into account the stiffness and cushioning
elements to the frame mounting: engine, body, cabin, etc.
2) We do not consider fluctuations acting on the driver's
view of the cushioning devices seats.
3) Not counted cushioning lateral elasticity of tires.
4) Mass and moments of all elements of the sprung one
link are considered uniform.
5) The mass of the wheels and axles make only vertical
movement.

Based on the assumptions made, consider the motion of
the pick up with the linear displacement of the center of mass
pick up Xy, Yo, Zo and angles of ¢q, Bo, o rotation about the
axes of pick up Z, X, Y

As a result of the assumed model using the Lagrange
equation of the second kind (1) deciding which known
methods allows you to set the resonant oscillation of the
mass units train and develop as a result of practical
recommendations on the modernization of trains running
parts.

d|oT
dt a4

Modern Motor and trains usually consist of a pick up
pivotally connected with the coupling devices with
trailer-trucks, the number of which is limited in the train
GOST 9314-59.
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Figure 2. Generalized model trains
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In the process of pulling away, braking, or of uniform
motion in the frames of a pick up and trailer links there are
significant dynamic loads, as well as the spatial variation
(twitching, lateral pitching, pitching, wagging, lateral drift,
etc.) that have a significant impact on the reliability such
machines and the safety of their operation. To reduce the
dynamic loads in the trailer coupling devices of motor rolling
enter different in design depreciation absorbing devices and
apparatus. According to the classification of Shchukin M.M.
amortized-absorbing mechanisms to share with the damping
resistance mechanisms without it. These in turn are divided
into a viscous dampers, internal and Coulomb friction. The
main part of an amortization-absorbing mechanism is an
elastic element with linear or non-linear characteristics. The
most widely-absorbing shock-absorbing mechanisms, which
include elastic elements made in the form of a twisted coil
springs, ring springs and rubber bushings (Fig. 3).

Figure 3. Types of absorbing mechanisms

It is known that under the action of road unevenness
oscillation (in a transverse vertical plane) of the variable
excited magnitude and direction of the dynamic forces. The

action of the latter leads to significant angular oscillations
trailers.

Operating experience road train indicates that the
rectilinear motion pick up having sizeable transverse trailer
up oscillations in the horizontal plane, called wagging. Such
fluctuations increase the width of the dynamic train, promote
folding under braking, increase the wear chassis trailer and
lead to rapid fatigue of the driver, etc.

Given the above it at YSUname I.A. Bunin for a number
of years at the Department of Applied Mechanics and
Engineering Graphics conducted research on "Dynamics,
durability and reliability of transport, road-building and
agricultural machinery, as well as industry-standard and
non-standard equipment in relation to the Black Earth region
of Russia" and one of its sections through the NIRS is a
scientific field that is associated with the development of
advanced technological solutions that increase driving
stability trucks. A number of these developments is
recognized inventions - RU500086, RU521152, RU2232099,

RU2258018, RU2284942, RU2268824, RU2341400,
RU2341401, RU2337850, RU2339534, RU2372242,
RU2397906, RU2397904, RU2464197, RU2457141,
RU2465165 etc.

Each of these structures has certain advantages and
disadvantages. However, despite the fact that this problem
the subject of many papers none to date has not found wide
application because of its complexity, low reliability and
efficiency of instability, a relatively high cost, etc.

2. The Purpose of the Study

The analysis set out above shows that despite the variety
of technical solutions and design of damping devices
installed in the vehicle seat tractive connection tractor-trailer
and a trailer tongue of the junction with the dolly, the latter
have not found wide use in practice due to imperfections in
their design, high metal content, and low reliability etc. All
this leads to the fact that the probability of collision with
overtaking trailers or oppositely moving traffic is large, and
it directly reduces traffic safety and eventually leads to
substantial material losses of people and equipment.
Therefore, the object and purpose of the study is:

1. Working out at the level of the invention, high
performance and easy on the design of damping devices
installed at the junction with the frame dolly trailer-truck
type 2PTS-4 and aimed at improving the safety of
automotive multi-tier trains.

2. Numerical calculations to substantiate the rational
parameters above dampers meeting the requirements of
safe operation of the trailer-trucks.

3. Development of a program for the solution of such a
problem on a computer, with a view to the possible
installation of dampers for different purposes-axle
trailer-trucks, used both in this country and abroad.

4. Develop practical methods of calculation promising
devices for vibration damping of yaw to the existing two
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models of automotive axle trailer-trucks.

3. Method of Research

Analysis of the numerous existing structures damping
devices installed in place of tractive connection pick ups and
trailer-trucks, as well as patent and literature has allowed to
develop a promising solution (RU2338658), having in
comparison with the known simplicity of design and high
performance in multi-tier environments of automotive trains.

Figure 4 shows the front of the trailer with his dolly and a
cut-away, which is a device for damping vibrations of
trailer-truck yaw motion in the automobile and tractor train.

The trailer consists of a body 1 mounted on the frame 2,
which in its rear part with a driven wheel 3. At the front of
the frame 2 mounted turntable 4, the bottom of which is
attached to the dolly 5 equipped with a drawbar 6 and
steering wheels 7. By dolly 5 is rigidly attached lever 8 is
also rigidly attached to the elastic rod 9, the end of which is
provided with splines 10 interconnected with counter
executed in the sleeve 11 mounted on the frame 2.

Works trailer-truck follows. If it moves in the automobile
and tractor trains are known at speeds over 20 km / h in the
straight running pick up begin to arise wagging vibrations.
However, in this case, the amplitude of vibration is sharply
reduced as follows. Since the angular rotation is
accompanied by a wagging dolly 5 is an angular rotation gets
together with her and arm 8 which is rigidly attached to the
bogie 5. Since the lever 8 is also fixedly connected to the
elastic rod 9, _ then it gets to a certain twist of the arrow A
about its longitudinal axis. This angular rotation of the elastic
rod 9 is further because the end thereof is provided with slots
10 is located in sleeve 11. It is known that the torsional
rigidity of the device which is a matter of fact determined by
the torsion dependence:

G M,

T1dZ 1yd

when y — twist angle of the elastic rod 9 (torsion bar), which

M |

Kp

JG

Therefore it is clear the higher the twist angle of torsion
bar y generated torque 4, attached to the dolly 5, the higher
the damping capacity of the elastic rod 9. Picking up the
rational dimensions d — diameter of the elastic rod and its
working length ¢ can effectively extinguish not only
wagging vibrations trailer vehicle, but also to provide
angular rotation dolly 5 in a steep maneuvering of
Automotive pick up.

Let us first consider the ability to install the proposed
technical solutions for automotive tractor trailer
2PTS-4-793A own weight 1,8 m capacity 4,0 m of mounted
with the truck GAZ-53A own weight 3,0 m. The masses of
units train in this case are, respectively, will be M;;» = 592
kec-c? [ and My = 306 kec-c? lu , and the weight ratio of the

is defined by the formula =
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characteristics of its reach m = My;p | My + M = 0,66.
4

Figure 4. Device eliminates wobble trailer-truck

We define the critical force that arises in coupling device
depending on the train[6]:

2r
PKP max — :ﬂ(uqo T GHP

=151 25-6%5800 =16390 H
250

when £ - koaduument dynamism into account the effect
of gaps in strip and equal 1,5;

ﬂ‘a) - dynamic factor in the resonant vibrations of the

system and equal 1,25;

o - height of the bumps in the road, which is equal 6cx;

L — wave length roughness 2,5x.

Assume that the trailer-truck tongue wagging in the
trailer-truck with the dolly under the influence Py, turned
at an angle 5° and then the shear force in its tractive
connection with the hitch of the tractor is defined as Proper =
tg5°P, = 0,087-1639 = 1426 H. In this case, at the time of
dolly caused an angular rotation will be equal M = Pponepl;
=142,6'1,8 = 2567H m (when | ; drawbar length equal 1,8 ).
Consequently, the angular rotation of the moment of
resistance of an elastic rod 7 an angle 5° should be slightly
smaller than the moment M with the intention that after the
disappearance of a specific point dolly back to the starting
position straight-ahead the trailer-truck. Define the diameter
of an elastic rod d the stabilizing device from the fact that T
= 2500 H-m well-known formula:

3
g T _f250010° .
0,2[z] \o0,2-785

when[z] — allowable shear stress for steels 60C2A .

We define the length of the working part of an elastic rod
(torsion bar) based on the fact that the truck turned at the
wabling an angle ¢ = 16° (0,28pa0), which corresponds to
the lateral drift of the order of the trailer-truck body 200
recorded during tests the trailer-truck 2PTS-4-793A in the
operating conditions, and consequently, for the same angle
of twist has occurred, and it depends on:
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_¢Gd _ 0,28-8-10%-25
2[2’] 2-785
when G — shear modulus, 8:10*M17a.

For the analytical study of vibrations and force loading of
structures, both standard automobile and tractor trailer-truck
2PTS-4-793A, as well as the trailer-truck with the device
performed by Pat RU2338658, developed the design scheme
of Automotive train (Fig. 5), the equivalent full-scale train
consisting of a car pick up GAZ -53A and trailer-truck
2PTS-4-793A.

On the design scheme of the geometric dimensions as
follows by train: a, — distance from the axis of the driven
wheels of the car to pick up's center of gravity; L, — base
vehicle pick up; I+ — distance from the axis of the driven
wheels of the car pick up it to the point of tractive connection
with drawbar the trailer-truck; d, — distance from the center
of gravity of the car pick up to the horizontal plane of tractive
connection; B, and B,— its front wheels of the car pick up
and the trailer-truck B,, and B, — its rear wheels of the
tractor and trailer-truck; a; — distance from the center of
gravity of the trailer truck to his seat mate with a car towing
pick up; I;,— distance from the center of the turntable to the
place of tractive connection with the car bogie pick up; L; —

| =357 mm,

g(\&‘ P
L

\

distance from the rear axle of the trailer truck to the turntable;
d, — distance from the center of gravity and the plane dolly
driving rod connection with dolly; d, — distance from the
center of gravity of the trailer truck to the plane of the vehicle
tractive connection pick up and trailer truck.

The adopted model consists of m;y and m; , which
respectively mean: weight of the vehicle pick up , reduced to
its center of gravity, the mass of the trailer truck frame
platform, with the axes of the wheels and spring group.

To these masses in process of moving tractor train
accompanied by the following external loads: Pr — traction
vehicle pick up; P,, P, P, and P, — horizontal
longitudinal rolling resistance of steering and driving wheels
attached at the point of contact with the road and causing
spatial variation vehicle pick up; I, , I, I, and I, —
horizontal shear forces that cause side pull the wheels and
attached at the point of contact wheels of the car pick up to
the road; P,, , P,,, P3, and Pz, — horizontal longitudinal force
of rolling resistance and steering the driven wheels and the
trailer-truck attached in_ the contact points of the wheels and
cause spatial variation the trailer-truck; 75, , I, , I's, and
I3, — horizontal shear forces that cause side pull the wheels
and attached to the contact point of the trailer wheels and the
road.

»

Figure 5. Design scheme trains
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Regulation of the system mass in space at any given time

is determined by the coordinates: X,; - absolute

displacement of mass m; the trailer-truck characterizing

wagging the trailer-truck; ),1 - absolute displacement of
mass m; the trailer-truck, which characterizes the twitching

the trailer-truck; Z,; - absolute displacement of mass m,,

which characterizes the bouncing the trailer-truck;
The relative elastic deformation dolly the trailer-truck

characterized by the following notation: ¢1 - angle mass
my determines its displacement in the horizontal transverse

plane of motion; X; - mass transfer m; determining its

displacement in the horizontal transverse plane of motion;

yl - mass transfer m; determine its displacement in the

horizontal plane of the longitudinal motion; ,31 - angles
weight m;; determining its displacement in the longitudinal

vertical plane of motion; 21 - mass transfer my

determining its displacement in the longitudinal vertical
plane of motion;
Vibrational excitation of the dynamic model is carried out

following kinematic coordinates: P - the yaw angle in

pick up_ the plane of XY , causing the wobble the
trailer-truck; xo — move the car pick up along the axis of

OX , contributing to the development and yaw twitch the

trailer-truck; ) - move the car pick up along the axis of
OY , contributing to the emergence twitching the

trailer-truck; ,BT - the yaw angle in pick up_ the plane of

YZ causing the trailer-truck bouncing; Zy; - roughness
height of micro and macro and micro Profile roads causing
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fluctuations on the trailer-truck axle OZ ;

In developing the design scheme following assumptions.
The coefficients of friction in the kinematic pairs are
constant, linear characteristics of the suspension, the gaps in
the kinematic pairs replaced by an equivalent stiffness,
bending vibrations of the frame and the base platform are
ignored, side-slip tires does not adopted by the XYZ
coordinate system is located at the level of conventional road
and moves along it at a constant speed.

A general equation of motion of trains, using the
well-known Lagrange equation:

d|oT

dt

or oIl
_ - — =
aq aq aq
when, T — the kinetic energy of the system;

IT — the potential energy of the system;

Q — generalized force;

g — generalized coordinate.

Analysis of the physical model (Figure 5) shows that the
geometric dimensions of its connections and components
can determine the absolute displacement of the centers of
gravity of the masses considered necessary to set up the
equations of the kinetic and potential energy of the system.
Thus, the absolute movement of driving rod weight of the
axes OX, OV, OZ. determined by the algebraic addition of
the relative displacement:

Xp=Xo+ 1, c0s B, sin ¢, +X1+ a;cos f 1 Sin pr= Xo+
L@ + X1 +a191,

Y=Y+, C0s B, Cos ¢, +Y+a;cos 1 cOsSpr = Yo+ 1,
+Y+ay,

Q @)

Zp=12Z¢+1,c08 ¢, sinp,-Z;+a;cos ¢ Sinpi=Zy+1,
+f - Zitaif,

In the final form of these equations are written based on
the fact that for small angles, 57 cos fr= 1, and sin = fr
(similarly for g1, @1, B1).

In view of the assumptions made on the basis of [8,9-12] in planes ZOY, ZOX and YOX taking into account the resistance

forces in_ the kinematic pairs of equations derived energy:
1. Kinetic -

T =E{‘]T(p¢$ +‘JT,HﬂT2 +me[(Xo+argy ) + (Yo +ar B )° +(Z, +a7 Br )1+

©)

"‘mn[(xo thor + Xl + ai¢’1)2 + (Yo +Y1)2 + (Zo + allgl + IT:gr - 21)2]"' Jl(p¢12 + Jlﬂﬁlz

2. Potential -

1
= EI:Kgol (¢_¢’T)2 + Km(ﬁl _ﬂT)Z +CX1X12 +CY1Y12 "'C21212 +

4)

+Co (2o —Zyy +h B _Zl+|1,81_dk)2 +Co(Zo—Zpy +h pr =2, -5 +dy;) ]

3. The work of external forces on virtual displacements -
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0A=—(I"oy Py + Ppy )(0Y, —0,5B,0¢; ) + (L, — Popy#: ) (0 X, +0,5B,0,00,) —
_(FPJZ¢T +PP/7)(5YO +O’SBP5¢r)+ (FPJY _PPHKT)(§X0 _O’SBp¢T§¢T)(FH¢T + Pn)
(Y, — L5 +0,5B,0,) +(I'y = Py NS X, + Ly Sy +0,5B, 5y ) +

+PT [¢r (5)(0 - IT§¢T)+§YO _|T¢r5¢r]_

_(F317¢1 + Pan)(é‘Yo - IT¢F5¢T + 5Y1 - |1¢15¢1 o L1¢15¢1 -0, SBH§¢1) + ®)
+(y; — Pyp))(0 X, + 1,06, + X, +1,0¢, + Log —0,5B,4,04 ) —

_(F3JZ¢1 + PSﬂ)(5Y0 - IT¢T5¢T + 5Y1 - I1¢15¢1 o L1¢15¢1 +0, 58175¢1) +

+(F3J7 _P3j7¢1)(5X0 + IT5¢T + 5X1 + |15¢1 + L15¢1 +0’SBH¢15¢1)

Substituting equation (3), (4) and (5) in the Lagrange equation (2) and considering that the second term of the equation

Gl

—~—_, zero, we obtain the system 5 second order differential equations (6):

0q

mp Xy +mpy Xiad +mpy Xo Xy +mplrdr Xy —mp Xy —mp Xiady —mp Xo Xy —myCrgr Xy +
+%CX1X1 =31 = Py + sy = Py,
My Yy Yo +myy Yp—m Vg —my; Yy + %CYM =130~ P3ip — 3000 = Psyps
Myl B Zy+my Zi—my ZiZ —mpZyay + Myl friy —mpZy +mpZaZo +myZea i+ %C2121 -
1 .1 . 1 .1 .1 . . .
—5Cznt1 =5 Coxlalo+ 5 Cox Zn 2= 5 Cox by Pr 2o+ 5 Ca 2y = Cox iArza + CzkZydk =0;
M7 X g3y + M7 L7 drdgghy +Mpandsy Xg +m,aldh + J1,P =M X o821 —Mp7 (1 draggy ©)
My Xy - Maf gy~ Jign ++2 Kai ~ K aidr
=—(I'spp1+ Pyp)(=l1m — iy —%Bn) + (I3 = Pypp) (g + Ly — %BH(PL)
—(L3pe+ Py ) (=l — Lygy + +%Bn) + (I3 = Pyl + Ly + %BH(/’l);
My 2o +mpyal B +mpyaly Br f—mpagZyfy + Jiph—mpaBiZg - mpal B —myayls Br B+ mpanZa By
~dipB+ +% Ksh—KmBifr + %CZK Zol13y + %CZKZKH 0 - %CZKETIBT@/%

1 5. . .
+ECZK51ﬂ1 —Czk (1$1Z1 —Czk (14dk =0.

By grouping the members of whose derivatives are of the same order, we obtain the following system of equations (7):
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(mH+mHa1¢Zl+mHXo +mH£T¢T)X1+(—mH—mHa1¢51—mHXO —M 7l +

1 )
S COXVX =3 = Pager+ Uy = Payrons

. 1 . 1 . .
(Mo + MmN+ EMpYo —Mg SN =—L3per =P = Dspar = Payrs
Myl Br+mMy—mpygZg—mpgag )2+ (Ml fr —Mpp + My Zg +mHa1ﬂ+§CZ:L—
lc e znvic,, z LY. lc Co Co dy)Z, =0;
—5Cz2m — 52k Z0+5Czk ZkH ~5Czk (1 Ar +5Czk —Czk (1AL + Czk Ak )21 =0
(M7 Xgay +Myzlydrag +Mpag Xy +m a) +3y) ¢+ (Mg Xgay —Mglrdray )
; 2 1 .
M3 X MA) g + S Ky — Kadr)an
1 1
=—sper+ Po) 0o — e =5 B + (s = Pope))(lq + Ly =5 Byoy)
1 1 _
g1+ Poy) 0oy — Loy ++ 5 Br) + (Uyyp = Pr o) + L+ 5 Byey);
. 2 . . .o . 2
(MyzaZg +Mygay +Mpgalp fr —MpganZy + 31 5) fy + (M pgag Zg — M yag
. . 1 1
Ml Br M2y~ g K g =K g Br + 5 Czk 201 + 5 Czk AkH 1
1 1 2 .
—5Czk fr Bria+5Czk 1 —Czk 1%~ Czk 19K A =0
Transforming the equation (7), we obtain the system in the form (8):

(mH+mH)'(0 +mH£T¢T)X1+(—mH —mHXO —m L rdp +

5 CxD Xt Mpa@ Xy —mpag Xy + ey P+ o Payp = Uy + Uy g
. ’ . 1 . _
(Mpp¥o + M) Yo+ CMppYo =Mz + 5 Cy DY+ Dapger+ Dgpon==Pay =P

) L ) .1 1 1 1

CMpgtrBr+myg =MpZeZy +Mplpfr =My +MpZo+5C21-5C2ir =52k 20+ 5 2k ZKH —
1 1 , .. .. , _
=5 Czk 1Ay +5Czk + Cak Ak Il mpadaby + mpaZa - Czk 14 =0

8)
(M7 Xody +Myzlrdrag+mpap + 1)@ + (=M Xody —myplydrag —maap —Jy, + =Ky —Kodr)ey +

L . 1 1
tmga$ Xy - mpa g Xy + (ypey+ Pyp)(=he = Loy =5 Brp)= (U3 = Papgon)(lg + Ly =< Bryey)+
3o Pty =l + 5 Bi)= g = Py + by + 5 Byoy) =0

. 2 . . . 2 . 1
(MppaZo+Mygaf +Mpdyly fr +d1p) fr+ (Mg Zo —mppaq —mypagly By =y g+ K gy =K B+ - C Zgly +

+%CZKZKH f1‘%CZKfTﬂrf1 +%CZKf% ~Cak 1Ak~ mpagZyfy + My Zyfy - Cop 424y =0,

In matrix form, these equations are of the form:

a11)_(_1 + alZ_Xl +apd X, +au,g X, + ap =Dy

a21Y..1 + aZZY% + a23¢1"='b2; .. .

a31%1 + a‘32.Zl + a33nzl.ﬁ1 + a‘34.Zl‘ﬁ1 + a3521ﬂ1 = O’ (9)
a4l¢} + a42¢]__ + a43¢6:‘L>(.1 + a44¢‘1>(.1 + a55¢.l = O’

a51ﬂl + a52ﬂ + a'53ﬁlzl + a‘54ﬁlzl + a55ﬁlzl = 0
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For simplicity we assume that in the course of its mass movement trains make the forced oscillation with a fixed angular
frequency w. The solution of the system of differential equations (9) describing the longitudinal and longitudinal angular
oscillations of the masses train, look in the form of:

9i() = @ai cos wt, fi(t)=Pai cos ot
Xi(t) = X coswt, Zj(t)=Zy cos wt (10)
Yi(t) =Y4 cos wt,
when, @i , Xai , Yai » Bai» Zai — amplitude of mass train.
After substituting the solutions (10) in the system of differential equations (9) we obtain a system of linear algebraic
equations

—ay,0° X 14 COS 0t — 8y, 5 SIN 0t + a30° 0, X 5y SN OLCOS 0t + 0y, 070y X 5y SIN? 0t + g5, COS O = by
~8g;0°Z 31 COS Ot — 8gy0Z 5y SIN Ot + Agg°Z 31 By SIN OLCOS Ot + 8y 0°Z By SIN® 0t — B 0Z yy iy SIN WL COS 0L = 0;  (11)

8,070, COS 0t — 8400, SIN 0t + 8,30° 0,1 X 1 SIN WL COS ot + 8,070y X o1 SIN O + B0, COS L =)

—a, 0% 3,1 COS 0t — 85y 03, SIN 0t + 30° 17 SIN WL COS @t + By 07 B,y 7,1 SIN® @t + sy 2, Sin wtcos ot =0,

The numerical values of inertia and stiffness coefficients a;; and bj; included in Equations (11) calculated by the following
relationships (12).

From the above dynamic models and systems of differential equations shows that the system with five degrees of freedom
can make five independent harmonic oscillations, each of which corresponds to a specific value of the natural frequency. It is
known that the maxima of the amplitude-frequency characteristics are close to the natural frequencies[1-4] Therefore, the
presence of the spectrum of natural frequencies allows to predict the location of the maxima values of the amplitudes, and
vice versa, can be determined from the maxima —share the natural frequencies of the system. In the wild fluctuations at the
wabling train in such a system is contained almost as many frequencies as the maximum value of the generalized coordinates
is shown in all their ranges. It follows the method of their determination. Let the system operates on the frequency of the
harmonic force w; and this frequency coincides with one of the frequencies natural oscillations.

8y = My + My X+ Myl iy, = =My =y Xo =y gy +%Cx s =M@y Xyiy = -mpagy Xy 2 = Py + Py

b =T+ gy

By = MY +Midy = —M Yy —my; +%CYl;a52 =Tyt Ty = =Py —Pars

gy = My p By My =My Zoga = Myl —mpy 2, +% Czr% Czrr _%CZKZO +% Czk%KkH ~

‘% Czk!1hr +%CZK +Cai o35 =~ 704850 = 2704855 =—C 1105 =0,

= My Xy + My lpdray +m e + 3y ag = -y Xogy g bedray -m o -0y +% Koo ~Kgafr: (12)
Bas =y 8 =~y cas = (P + Py)(=hho ~ Loy ‘%Bn)‘ (3 =Papa)y+hy ‘%317‘/’1)+

(Cago Py )t —ho +%Bn)‘ (F3g = Papaiy+ly+ %BH(”l);B“ =0

a7 2 T : 2 :
G5y = Myp8y 20+ My +Mypdyly iy 3y gidtsy = M@y Zo =My =My by By =dy p+

1 1 1 1
+Kﬂ1_KﬁlﬂT+§CZK20€1+§CZKZKHél_ECZKZTﬂTglJ’ECZK(%_CZKéldK;a%
=My sy = M 8y g = —CZKlél; B; =0.

Then the amplitude of the oscillations increase indefinitely, In order to computing the error was minimal when the
and there is a phenomenon of resonance. When the transformation matrix, the division by the maximum
frequency w; close to one of the natural frequencies, the modulus of the matrix element. This took into account the
corresponding amplitude is much greater than all the others.  possibility of changing the coefficients of stiffness
The system of equations (12) using the Gauss[12], with equivalent to the serial model the trailer-truck modernized
pivoting. and equipped with a device for damping vibrations which is a
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torsion bar located on the dolly, as well as assignments in a
wide range of kinematic coordinates approximate calculation
scheme to the conditions close to operational.

Knowing the geometric and stiffness parameters of the
model (Fig. 1) and wondering frequency forced oscillation
system ranging from 0 to 50 rad / s, and the amplitudes of the
kinematic coordinates[2-4] on a computer using the software
package Maple 9.5 calculated values of dynamic
components forces and moments acting on a given mass
model. In the calculations, the following initial data[12]: m
= 325 kac €%/m, m, = 300 kec -c*lm, Ly = 330 xec s -, Lg =
382 xoc -m &, | lp = 160 xec m €, lp = 324 kec m & Cq=
3,0 40% Hlem (spring in the draw hook the car), C,, = 1,68 10°
Hlem, K= 1,7540° H emlpao (without torsion bar), K,i=
3,6 40° H culpao (with torsion bar), C..=2,1210% Hlcwm,
Ky = 3,240° H cmlpao, P,,= 1,125 40* H, P,, = P,, = P;,=
Ps, =585 40°H, I, = Iy, = I's,= I3, = 8,8740° H, ¢,, =
0,0017-0,0087 pao, Xy = 5320 mm, Yo = 210 mm, f , =
0,0017-0,0105 pao, Zy = 26 mm, y, = 0,0008 <0,0087 pao,
Ziw =2 = B, = B,, =1900mm, B, = 1730 smm, a;= 720 mm,
l;= 1300 mm, a; = 635 mm, = 664 mm, as= 1630 am, L=
2200 mm, d = 86 mm u d;, = 218 mm, dr= 25 mm (diameter
torsion bar), I+ = 375 mm (the length of torsion bar).

To calculate the most important parameters characterizing
the stability of the trailer truck moves as the associated safety

MpeAas. MpocMoTp Ne4aTH

MevaTe | Hazan | Cneayowan CTpaHMlLa | OAH. CTPAHHLE | AE. CTREHALE | TE%

and reliability of its construction elements, such as a
twitching y;, wabling ¢, and lateral drift x; used program
Maple 9.5. To do this, the studied equations are written in the
form shown in the windows of the program (Figure 6 and
Figure 7), and then in the end, the new system, which is
solved by a known method of substitutions (Figure 8 and
Figure 9):

Specifying the forced vibration frequency of the system in
the range of from 0 to 50 paolc, and amplitudes kinematic
coordinates using the program Maple 9.5, built amplitude
frequency graphs illustrating — Glare forced vibrations and
resonance mass settlement of the study of the mathematical
model. Since the graphs Figure 10, Figure 11 and Figure 12
shows the most typical moving trailer in its tractive connection
accordingly without damper and damper having a cross-angular
oscillations in the horizontal plane (py), transverse vibrations in
the horizontal plane (X), longitudinal oscillations ().

So in Figure 10 presents the amplitude-frequency graph
describing the longitudinal axis travel Y, both standard and
upgraded the trailer-truck with the device increases the
resistance movement of the last (RU2338658) where in the
frequency range 18,8 paolc mo 22,3 paodlc there is a
significant increase in the amplitude and resonance observed
twice, with wide display so you may experience considerable
largest loads in the dynamic components hitch train.
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Figure 12. The amplitude-frequency plot 3

When using the device for damping yaw manifestation
resonance zone somewhat higher than the mass, however, in
the frequency range 15,0 paolc before 30,0 paolc amplitude
trailer average 1.5-2.2 times lower. Such a reduction in the
amplitude leads to the conclusion that the relationship of
longitudinal vibrations with the vibrations of the trailer-truck
yaw and lateral stability, though weak, but there is. Therefore,
we can conclude some efficiency device eliminates wobble
trailers fitted to the latter, as tractive connection to the place,
and in the area of the turntable podkatnyh their carts.

Figure 11 presents the amplitude-frequency graph

showing the angular movements of the coordinate ¢; both
standard and upgraded the trailer-truck with the device
increases the resistance movement of the last (RU2338658)
where in the frequency range 15,0 paolc before 25,0 padlc
exhibits a broad resonance region in the range of operating
frequencies of oscillations is of the order 20,0 paodlc (3,2 ey)
thus, the angle ¢, the deviation of the trailer-truck relative to
the longitudinal axis of symmetry of the train is about 0.085
rad, which corresponds to the cross-trailer 185 . When
you use the same device for damping yaw made under the
patent RU2338658 such amplitude of the order below, in the
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Figure 12 presents the amplitude-frequency graph
showing the lateral displacements in the coordinate X; both
standard and upgraded the trailer-truck with the device
increases the resistance movement of the last (RU2338658)
where in the frequency range 16,0 paol/c before 22,0 paolc as
well as in the previous cases the resonance region in_
operating range of the oscillation frequencies of the order of
the components 18,0 paolc (2,8 2y) thus, the amplitude
characterizing the lateral drift relative to the trailer-truck
longitudinal axis of symmetry of the order of train 60,0 auu.
When you use the same device for damping yaw made under
the patent RU2338658 such amplitude is not much lower
than in the order of 43,0- 52,0 ym.

The resulting amplitude-frequency plots on the developed
physical and mathematical models of trains has shown that
the most significant components of the dynamic loads occur
predominantly at the wabling twitching and the trailer truck.
Such pressures undermine attachment mounted on the frame
and dolly structural components and assemblies, and
incapacitate the support structure forces the wear of the
mating parts hitch, and generally worsens the stability of
motion of the trailer truck.

At the same time, the analysis of the results of the
analytical study shows that the installation of the proposed
technical solutions made under the patent RU2338658 on
Motor and trailers family 2PTS-4 allows a positive trend in_
terms of improving the stability of motion of the trailer-truck
as a whole, which will ultimately achieve performance under
GOST 2349 - GOST 13377-67 54 and used in the art.

4. Results of the Study

Based on the above, the following conclusions and
suggestions :

1. The analysis of both domestic and foreign construction
trucks shows that the latter have a significant disadvantage
that at different speeds trailers have a high propensity to
wagging, that is, the transverse vibrations of recent relative
to the longitudinal axis of symmetry of the train. This
phenomenon is dangerous not only for the trains, but also for
other vehicles moving in the direction of overtaking or meet
it. Experience in operation of motor trains shows that the
consequences of accidents that occur on the roads for this
reason, is more than 8% of all accidents recorded by the
world practice.

Given the above as inventions (RU500086, RU521152,

RU2232099, RU2258018, RU2284942, RU2268824,
RU2341400, RU2341401, RU2337850, RU2339534,
RU2372242, RU2397906, RU2397904, RU2464197,
RU2457141, RU2465165, etc.) to develop technical

solutions devices allowing prevent wagging trailer units train
as it moves at different speeds.

2. To establish a rational geometric and kinematic
parameters of one of these devices are made under the patent
RU2338658 developed a physical model and proposed a

method for their calculation. Thus, our calculations as
applied to train consisting of the towing vehicle consisting of
a vehicle pick up GAZ-53A and trailer-truck 2PTS-4-793A
showed that as such a yaw dampers can be used vertically
oriented torsion bar mounted on the dolly the trailer-truck,
made of steel bar diameter steel 602S2A 25 amm. Analytical
studies have shown that the use of this design reduces
vibration damper the trailer-truck in the transverse plane of
motion train an average of 1.8 times, which provides up in_
get indicators regulated by GOST 2349-54 and GOST
13377-67. To automate the calculations used Maple 9.5
program for computers that allows you to calculate these
parameters for different designs trains.

3. Results of the study are recommended to domestic and
foreign transport companies, automobile industry, research
and design units operating in the automotive industry for the
study and analysis of the proposed designs for possible
further put them into practice.
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