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Objectives of research:

. To analyze and study the performed works related to the motion capacity

and articulated passenger cars, as well as the impact of various types of
oscillations on the human body and on its every organs.
To select, check and specify the di i and ck
elastic damping elements.

istics of the

. To develop a zero-clearance coupling of a towing hitch for a new effective

trailer.

. To provide justification and efficiency of using promising trends of

passenger car trailers.

ing from a new towing
mechanism.

Sse

ing road safety ing from

a new towing mechanism.
Research novelty:
Establishing and justifying the demand and the need for the use of
coupling unit for the proposed trailer.
Justifying their efficiency in running conditions.

. Developing a new towing zero-clearance coupling design and its drawings,

and making of metal.
On the basis of th ical study, defining the elestic-d
aracteristics of the el

used. specifying them through laboratory
investigations and justifying by conducting experimental trial.

Giving the relevant guidelines and dations relying on the results
of research.

Determining and  justifying theoretical, laboratory and experimental
directions of research, as well as their comparing.

Practical significance of research:

ch istics of the elestic-damping el at the initial
tape of designing coupling unit of trailer, based on the theoretical
iy estigation, reasoning from the weight and other parameters of trailer
il lor the purpose of time and cost saving.

Iased on laboratory trials, selecting the best ones from the industrial
“lements chosen for the purpose of road test accelerating

lutilying efficiency of their use through the road testing from an

The Reduction of Vertical and Horizontal Oscillations of Articulated
Lorry
Nkl Rational Towing M

General Description of Work

Topicality of Research. Increasing efficiency of lorries and towing
trucks is possible: a) by improving road pa . and b) by improving
efficiency of lorry itself as well as its smooth ride. Improvement of road
pavement is an expensive process and requires much time and costs,
especially in such countries, which are di inguished by a challenging terrain
like our country. Based on this, preference is given to the second option -
improvement of smooth ride. One of the best tools for improving smooth ride
of the articulated lorry is the effective change in the design of lorry and
trailer, and one of these tools is the of a new zero-cl design
of towing mechanism and effective of the elastic damping
To achieve this, it is y to the plex loads (vertical,
longitudinal, transversal and angular) acting reasoning from the road
conditions. In this regard, the works of Yatsenko, Rotenburg, Khachaturov,
Belenko are worthy of note. However, they are | and und; died
and concern the automobile itself, but the impact of trailers, in this respect, is
even more understudied. In this case, the selection-test was carried out
I ically on the p for the purpose of process lerating, and
then in laboratory conditions for data qualification purposes, and finally —
experimentally in natural road conditions.

The proposed dissertation work is a follow-up to those works, which
were performed at the Department of Civil Engineering and Transport of the
Akaki Tsereteli State University in Kutaisi and at the proving ground in
Dmitrov City (Russia).

Goal of Research. Improving running conditions of articulated
passenger car, as well as protecting the driver, passengers and transported
cargo from the vibrations arisen from the road conditions that is manifested
in the creation and use of towing mechanism, which is aimed at reducing
loads coming from trailer to the vehicle.

Research Subject. Improving running conditions of articulated
p car, excluding incid of accid and i ing the average
running speed.

economic and ergonomic points of view.

Determining beneficial and negative impacts of a zero-clearance coupling

of hitch unit, and providing their development.

« Based on the analysis, determining the possibility of alternation of road
lab y i igations with the th | ones, and their efficiency
with relation to time and cost.

Practical bearing of research:

The results of the proposed dissertation will be applied in the future
investigations.

A new towing coupling unit was used by the author for the trailer of a
single-axle and biaxial small-sized 4*2-type tractor.

They will be also used in training process at the Department of Civil
Engineering and Transport of the Akaki Tsereteli State University.

Approbation of the results of research. The main provisions and
results of the proposed dissertation work were presented at various scientific
conferences and forums: at the annual technical seminar of the Engineering
Faculty of the Akaki Tsereteli State University (Kutaisi, in the years of 2012,
2013 and 2015), at the International Scientific-Technical Conference
MOTAUTO™2008 (Sofia, Bulgaria, 2008), in the monthly scientific-reviewed
journal of the Georgian Academy of Sciences (N7-9.,N10-12. 2009), at the 11
International Conference “Non-Classial Problems of Mechanics” (Kutaisi,
Akaki Tsereteli State University, 2012), in the “Messenger” N2 2013 of the
Akaki Tsereteli State University and in “Georgian Engineering News (N2
2012) of Georgian technical University.

Publications. 22 scientific publications have been made on the
dissertation topic, including 5 publications in r iewed editi which are
included in the list approved by the Dissertation Council.

Volume and Structure of Dissertation. Dissertation includes five

p general lusi list of refi and comprises 123 pages of
text and 56 drawings. The list refer ences comprises 176 sources.
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Chapter 1 of dissertation refers to the review of works related to the
proposed topic. There is given their analysis and made the relevant
conclusions.

The road tests have shown that longitudinal loads in a less degree
depend on speed fluctuation (approximately 3-5%), and they make up 60-
80% of vertical oscillations, and sometimes exceed them.

The analysis of the reviewed works gives the following picture: during
the movement of vehicles. there are arisen not only vertical, but longitudinal
and angular oscillations. which affect the driver’s working conditions and
smooth ride. Due to the complexity of the experimental investigations, it is
often i ible to confirm tk ical results of h through the road
tests. Due to this, the use of the ibl gineering hods for
developing optimal characteristic of a human vibro-protective system still
remains of current interest. To this end. it is necessary to envisage the
dynamic properties of human body and its sensitivity to the vibrations.

Despite all above said, longitudinal oscillations are not studied enough
so far. but the impact of trailer on a vehicle, reasoning from its towing unit
design and characteristics of the elastic element mounted inside it, even
cannot allow us for its complete assessment. In this regard, the works are
especially poor for studying the passenger car trailers. The standard provides
minimum limiting sizes between the driver and control gear. However, for
improving smooth ride of articulated lorry, it is not enough just to work out
the recommendations. For each particular case, it is necessary to choose the
optimal options of articulation of vehicle and trailer. Based on all above said,
the goal of a given work is to reduce longitudinal-vertical vibro-loads and
improve smooth ride by improving the trailer’s towing mechanism design
and characteristics of the elastic damping characteristics, where the more
advanced searching method will be used and peculiarities of the oscillation
process will be studied, in respect to both vertical and longitudinal directions,
which affect the vehicle and trailer design in road conditions. The goal of the
dissertation work is to create a towing mechanism, which will

Chapter 2 dwells on developing a rational towing mechanism of
passenger car. and describes two designs of longitudinal-horizontal zero-
clearance towing mechanism, from which, based on the analysis, there is
chosen the best one Fig. 1. Fig. 2. The trailer’s coupling unit consists of:
vehicle’s bunton (1), which by means of nut is connected with a hook (3),

)

There have been made the relevant conclusions for maximal reducing
influence of loads coming from trailer to the vehicle and maximal exclusion
of hits. There have been also developed two versions of zero-clearance
spherical-articulate towing mechanisms, after their comparing and analysis,
the preference was given to the second version.

. Due to the effective elastic damping property, three types of a rubber
pillow were chosen as an elastic damping element working in similar
conditions;

)

. In order to ensure partial damping of loads coming from trailer inside
trailer itself, and in order for the load coming from it to be relatively
small. it has been decided to place a damping element inside a pole that
should hypothetically provide iderable reduction in longitudinal loads
acting from a vehicle’s trailer and transversal repulsion force that is of
high importance for maintaining the vehicle stability.

. Connecting the trailer brake with a towing mechanism allows providing
the condition for making less possible jackknifing of the vehicle and
trailer toward each other and reducing the impact force coming from
trailer to the vehicle.

Chapter 3 describes investigation of vertical and horizontal oscillations
of a passenger car trailer and a design model of vertical and horizontal
oscillations of trailer.

When posi the equati in d with works the
assumption have been made as follows:

- articulated lorry and road are symmetrical with respect to the
longitudinal-vertical plane, which passes through its gravity center;

- oscillations of the vehicle and trailer towards each other are
insignificant:

- the road wheel contact is a point one;

- h ical exp ion of articulated lorry velocity is constant and
equals to its driving speed.

- The first assumption allows us for
model for articulated lorry.

- The second pti ludes the t which have a small
effect of the second order on the main coordinates and speed, and besides,
this enables us to replace the body till describing trigonometric functions by
small angles themselves.

" Sy

posing a plane
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which in tumn, comprises a shaft (4), where a sphere (5) is located in a socket
(6) placed upon its end by means of pin (7). which involves a staple (8) and a
Jocation hole (9), and is connected with a fork (10), which in turn, comprises
a shaft (11). which bears the thrust-guide wheels (12) with a rubber element
(13), which is secured with it and in a cylinder (14) pin-connected with it,
which during operations is comp d by a screw-cylindrical thrust tube (15)
and step-plate (16). The design is connected with trailer by means of U-
shaped girders of a pole (17).

The trailer’s coupling unit works in following way: during coupling, a
fork (10) is slipped over a hook (3) and closed by means of pin (7). During
operations, a sphere (5) turns inside its socket (6) in all three planes at a set
up angle. But ding to a sign of longitudinal load, a rubber element (13)
is compressed by means of a serew-cylindrical thrust tube (15) and step-plate
(16), which in turn, move with the thrust-guide wheels (12), fork (12) and a
shaft (11) slipped over it.
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- ¥ig. 1. A zero-clearance hooked-forked joint

Fig. 2. A zero-clearance hooked-forked joint

T

- The tird assumption allows us for the leveling (
smoothing) nature of a tire, which envisages the action of the road.

- The fourth assumption allows us for ignoring speed fluctuation and
speed inequalities caused by spinning masses, as well as longitudinal-vertical
oscillations occurring between trailer and vehicle, with regard to equilibrium

position.
The general design
din d with the appropri pti
hr1 passenger cars, there are mostly used trailers with a single axle, and its
mathematical model is (Fig. 3.), but the equations of motion are.
According to the design diagram shown in Fig. 3, we will obtain:

| di for lated lorry is

h=h,[1-cos(2xx/L,)]

(Fig.3)
1, +al’p+cl’g+cly —cly, +aly—aly, =0
my, +ay, +(c+e)y, —cy-clo—ay- algp=c¢,h

S )
mX +@,X +C,X = €)Xy
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As a result of a number of f i there is p d the
equation system in a vector-matrix form:
Z+AZ-B )
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The initial condition is: (0« (0.0.0,0.0,.0.0,)" (5)

The system of (2) equations with the initial conditions is solving by
Runge-Kutta method in a Matchad system, there are given the appropriate

a)
0.1
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u@_\l—i-i-nl gravity
) v- 10 kavh: b) v-30 km/h
The same problem was ined by p based simulation method

with the following conditions, when V=30km/h and unit disturbance is
0,01m.
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Fig. 7. Load characteristics for Fig. 8. and Fig. 9.
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Fig.8. Longil ion of the rod eye of the experimental trailer.

Trailer has the rubber element
(single-piece resistance 0,1m C=0.6*10° K=0,4*10" )V=30km/h
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Fig. 5. Pole-till angle center variation
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Fig. 9. Longitudinal acceleration of the pole ring of the experimental trailer. Trailer has no
the rubber damper (single-piece resistance 0,1m C=0.6*10° K=0,1*10" )V=30km/h
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g 101 itudinal of the rod eye of the experi: trailer.

v tollows from the
wh

degrees. V=90km/h

+ has the rubber clement (forced sinusoidal excitation C=0.6*10° K=0.4*10" ).
tudinal axle of trailer near the longitudinal axle of the vehicle creates an angle of 15

lysis, the following 1

have been

[wee incrense inoa trailer’s coupling unit causes increasing

todinnl loads

Cotin ol the chiareteristic of the elastic damping el

unit causes a non-uniform effect on a trailer displacement amplitude, in
particular: the higher is a mechanical compliance, i.e the lower is rigidity,
the lower are the impacts, but displacement time of trailer goes up. In
other words, the dynamics of speed development deteriorates. Thus, it is
not recommended to reduce it below the limit of rigidity (C=0,32.10° n/m,
5=2.83.10" sec/m).

3. The excessive hardening causes i ing impact values during braking
and displ it (i.e. i the dy loads in a coupling unit).

. An increase of speed of hauling plant causes increasing longitudinal speed
of trailer gravity center at an initial moment, but at the end of the 10"
second their values are almost identical for all speeds of hauling plant.

Chapter 4 dwells on studying the elastic-dampi 1 of a

passenger car coupling unit. To this end, it is necessary 10:

_ determine the elastic static characteristic of the elastic element:
= ine the dynamic elastic-damping cf G
! ine the vibro-p: ive ch istic, and from them,
there is determined the transition factor for a given coupling unit.
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Fig.11. The transition factors of a new version of coupling unit 4
1. The rubber element of a carriage spring motion catch device of KAZ-4540. 2. The
rubber clement of a carriage spring motion catch device of KAZ-608. 3. Two
barrel-contoured elements.







