ISSN 1512-0740 Ne 1(46)/2012

| 'E‘ International Federation for
==l the Promotion of Mechanism
IFToMM and Machine Science
PROJLENS
OF
MECrIANICS

International scientific journal

Thilisi
2012




UDC 531; 534

PROBLEMS OF MECHANICS, Ne 1(46), 2012

SCIENTIFIC JOURNAL OF IFToMM
INTERNATIONAL FEDERATION FOR THE PROMOTION
OF MECHANISM AND MACHINE SCIENCE

UNDER THE PATRONAGE OF THE RAPHAEL DVALI
INSTITUTE OF MACHINE MECHANICS

The periodical journal is published
four times a year

Homepage:
http://www.iftomm.org (and select publications)
http://www.pam.edu.ge




SCIENTIFIC JOURNAL OF IFToMM “PROBLEMS OF MECHANICS” Ne 1(46), 2012

PROBLEMS OF MECHANICS
Scientific Journal of IFToMM
International Federation for the Promotion of Mechanism and Machine Science

FOUNDER AND EDITOR -IN-CHIEF
Nedar S. Davitashvili, professor; academician of
Georgian  Engincering  Academy. Chairman of the
Georgian Committee of IFToMM.
Georgian Technical University, 77. M. Kostava Str,
Thilisi. 0175, GEORGIA
Tel: +(099532) 2545597: Tel/fax:+(099532) 2252625;
E-mail: nodav@pam.edu.ge

DEPUTY EDITORS-IN-CHIEF

Otari G. Gelashvili, Doctor of Technical Sciences,
Professor, Dean of Transportation and Mechanical
Engineering Faculty of Georgian Technical University. 77,
M. Kostava Str., 0175, Thilisi, GEORGIA.

Oleh V. Klyus, professor, head of the chair of ship power
plant; Maritime Academy in Szszecin, Waly Chrobrego,
15, 70-500 Szezecin, POLAND.

Reyaz M. Makharoblidze, academician of Georgian
Academy of Agricultural Sciences, Doctor of Technical
Sciences, Professor of the Scientific-Research Institute of
“Mechanization and Electrification of agriculture”, Tbilisi-
59. 0159, GEORGIA.

Tamaz M. Natriashvili, Doctor of Technical Sciences,
Professor, Director of the Institute of “Machines
Mechanics”. 10, Mindely, Str. 0186, Thilisi, GEORGIA.

ASSOCIATE EDITORS:
Prof. O. Berestnev. Minsk. Belarus.
Prof. A. Sharvashidze. Tbilisi. Georgia.
Prof. B. Gogilashvili. Tbilisi. Georgia.
Prof. K. Zimmermann. llmenau. Germany.
Ph.D. D. Chablat. Nantes Cedex. France.
Prof. 0. Klus. Szezecin. Poland.
Prof. G. Kipiani. Tbilisi. Georgia.
Assoc. Prof. T. Nadiradze. Tbilisi. Georgia.
Prof. G. Tumanishvili. Thilisi. Georgia.

SCIENTIFIC-EDITORIAL BOARD
Professor R. Alizade. BAKU. AZERBAIJAN.
Professor V. Algin. MINSK. BELARUS.
Professor A. Aptsiauri. KUTAISI. GEORGIA.
Professor V. Bakhshaliev. BAKU. AZERBAIAN,
Professor Sh. H. Chang. TAIWAN. CHINA-TAIPEL
Professor G, Danieli. ARCAVACATA. ITALY.
Professor V. Glazunov. MOSKOW. RUSSIA,
Professor V. Gogilashvili. TBILISI. GEORGIA.
Professor Dr. M. Gouttefarde. MONTPRLLIER CEDEX.
FRANCE.
Professor M. John D. Hayes. OTTAWA. CANADA.
Professor G. Kipiani. TBILISI. GEORGIA.
Professor E. Medzmariashvili. TBILISI. GEORGIA.
Professor T. Mchedlishvili. TBILISI. GEORGIA.
Professor Y. Sarkissyan. EREVAN. ARMENIA.
Professor S, Tepnadze. TBILISI. GEORGIA.
Professor M. Tsikarishvili. TBILISI. GEORGIA.
Professor A. Tvalchrelidze. KUTAISL. GEORGIA.
Professor Ton Visa. BRASOV. ROMANIA,
Professor K. Zimmermann, ILMENAU, GERMANY,

IFToMM EXECUTIVE COUNCIL 2012-2015
President: Prof. Yoshihiko Nakamura, Japan
Vice-President:  Prof. Veniamin . Goldfarb, Russia
Secretary General: Prof. Teresa Zielinska, Poland
Treasurer: Dr. Just Herder, Netherlands
Members: Prof. Shuo Hung Chang, China-Taipei

Prof. Jean-Pierre Merlet, France

Prof. Burkhard Coves, Germany

Dr. Juan Antonio Carretero, Spain

Prof. Vijay Kumar, USA

Prof. Datong Qin, China-Beijing
Past-President: Prof. Marco Ceccarelli, Italy

EXECUTIVE COUNCIL OF GEORGIAN
COMMITTEE OF IFToMM

Chairman: Professor N.S. Davitashvili, Georgin
Vice-Chairman: Professor D.D. Tavkhelidze. Georgia

Secretary: Asst. professor T.G. Nadiradze. Georgia
Treasurer: Asst. professor V.V, Abaishvili. Georgia
Councillors: Professor T.M. Natriashvili. Georgia

Professor V.N. Gogilashvili, Georgia
Professor G.O. Kipiani. Georgia

BY DECISION OF THE EXECUTIVE COUNCIL OF IFToMM (italy, July 6-72001) THE JOURNAL
"PROBLEMS OF APPLIED MECHANICS", FOUNDED IN JUNE 23, 2000, IS ESTABLISHED AS AN OFFICIAL

INTERNATIONAL JOURNAL OF IFToMM.

By decision of the Executive council of IFToMM (August 30-31, 2003, Chicago) the journal has been named

“Problems of Mechanics”.

ACCORDING TO THE MEMORANDUM OF UNDERSTANDING AMONG JOURNAL PUBLISHER, EDITOR-

IN-CHIEF AND IFToMM PERTAINING TO JOURNAL “PROBLEM OF MECHANICS” (December 22, 2008,

Cassino, Italy) FROM THE YEAR 2009 IT IS AN OFFICIAL JOURNAL OF IFToMM.



SCIENTIFIC JOURNAL OF IFToMM “PROBLEMS OF MECHANICS” Ne 1(46), 2012

CONTENTS

PROFESSOR RASIM ALIZADE — ONE AN OUTSTANDING SCIENTIST IN

THE FIELD OF MECHANISM AND MACHINES SCIENCE.................. 5
N. Davitashvili. RESEARCH OF AUTOMATIC MANIPULATOR CREATED

ON THE BASIS OF SPHERICAL FOUR-BAR SLIDER-CRANK

MECHANISM . ..o ieeiieeeieeee s eeeeeesma s aeaae e me e eeeeeaae e e anenaeeae e e 7
Duygu Cémen; ilkay Erkihngoglu, Mehmet ismet Can Dede. KINEMATIC

SYNHTHESIS OF FUNCTION GENERATING SPATIAL

RTSR MECHANISM BY CHEBYSHEV APPROXIMATION............oonne 15
A. Aptsiauri. CARNOT'S THEORY AS A SPECIAL CASE AND THE VIOLATION

OF THE SECOND LAW OF THERMODYNAMICS DUE

CIRCULATION OF HEAT IN ONE-DIMENSIONAL

SUPERSONIC FLOW OF HEAT-CONDUCTING GAS......oooiiiiiiiiiians 21
0. Klyus. RESULTS OF DIESEL ENGINE RESEARCH WITH FUEL

PRELIMINARY TREATMENT ....cciiiuimrmmeamiomiinimniinisnnssn s svenas 35
0. Gelashvili, P. Bezhanishvili. MODES OF VEHICLES TRAFFIC

CONDITION AND FUEL EFFECTIVENESS.....coiiviiiiimianianeia e, 39
A. Tvalchrelidze. A ROD MODEL OF ELECTRICAL MACHINES:

CONCEPT AND BASIC EQUATIONS. ...t 44

R. Makharoblidze, I. Lagvilava, O. Asatiani, A. Kobakhidze. STABILITY OF
FRONT WHEEL OF AUTOMATED ADDITIONAL LOAD
SYSTEM OF TANDEM-WHEELED SELF-PROPELLED CHASSIS......... 49
M. Chelidze, V. Zviadauri, M. Tedoshvili, G. Tumanishvili. MATEMATICAL
MODEL AND EXPERIMENTAL RECEARCHES OF THE
TECHNOLOGICAL PROCESSES OF COVERING OF THE

WALL SURFACES WITH THE HALP OF WIBRATIONS ..................... 55
R. Bitsadze, S. Bitsadze. ON ONE APPLICATION OF THE CHARACTERISTIC

METHOD s issssvumon anoms comas soamsmssamsesmssnrssnong s s smsf i d s 0 0 60
0. Kikvidze, S. Zakenov. NON-STATIONARY FLOW OF A NONLINEAR-

VISCOUS-HARDENING MATERIAL IN THE PIPE...........ooovviiniiinnns 67

J. Bichiashvili, Z. Bichiashvili, M. Moistsrapishvili, G. Bichiashvili. ANALYSIS

OF SPHERICAL TWO-LAYER SHELLS WITH CONSTANT

THICKNESS LAYERS BY METHOD OF INITIAL PARAMETERS......... 72
A. Sharvashidze, D. Chitadze. DETERIORATION OF RAILS AND WHEELS

ON PASS SPANS GEORGIAN RAILWAY AT TRAINS

CURVILINEAT MOVEMENT. ... v i sy e oo s s s 79
A. Sharvashidze, M. Paturashvili, Z. Paturashvili, IMPROVEMENT OF PRODUCING

CAPACITY OF CAR-REPAIR FACILITY’S CARRIAGE’S

ASSEMBLY WORKSHOP BY FLOW-LINE CONVEYOR

METHOD OF FREIGHT RAILCARS REPAIR.........ooovviis 82
[ACADEMICIAN ROBERT ADAMIA|
STUMMARIES s o cssmmenas s samms e smssr s smmn e LS S0 S8 ey s SR s s




012 SCIENTIFIC JOURNAL OF IFToMM “PROBLEMS OF MECHANICS” Ne 1(46), 2012
l(e:ric‘elhl KINEMATIC SYNHTHESIS OF FUNCTION GENERATING SPATIAL
zec

RTSR MECHANISM BY CHEBYSHEV APPROXIMATION

. 287- . .
Duygu Cémen¥*, llkay Erkilingoglu**, Mehmet Ismet Can Dede***
uligh (*Ph.D. Student, **M.Sc. Student, ***Assistant Professor, Izmir Institute of
lor an Technology, 35437, Izmir, Turkey)
Abstract: /n this study, RTSR mechanism is chosen to generate an output function by using the technique of
Chebyshev approximation. Equal spacing helps to determine the precision points in the mechanism.
The ervor value is added to the objective function and considered as a parameter during the
3E caleulation. The new precision points are obtained from the roots by taking the derivative of the
\ objective function. The recursive process is carried out until the absolute error values are stabilized
within the preset tolerances. Resulls are given in tables and graphs.
S Keywords: spatial RTSR mechanism; Chebyshev Approximation; precision points; kinematic synthesis:
¥ function generation
IMOM,
:cKHe
1. INTRODUCTION
10CTD

Kinematic synthesis problem has an important role in the design process of the mechanisms. After
selecting a mechanism-that is kinematic synthesis will be analyzed for a certain task, its construction parameters
must be determined according to the constraint conditions.

Function generation is one of the examples of the constraint conditions which describe a relation
between motion output and motion input with a desired function. These mechanisms are a source of inspiration
for many authors. Input-output variables and design parameters were introduced in a polynomial equation by
Levitskii [1]. He calculated the design parameters by using Interpolation, Chebyshev and Least-Square
approximation. Freudenstein [2] had an analytical approach to the design of planar four-bar linkage, Denavit and
Hartenberg [3] presented the synthesis procedure for three precision points. Davitashvili [4] introduced dynamics
of spherical mechanisms. Zimmerman [5] proposed a new algorithm for four precision points in the function
generation of spherical four-bar mechanism. Polynomial approximation is used for three, four and five precision
points in the study of Alizade [6], Alizade and Kilit [7], Murray and McCarthy [8] for the spherical four-bar
mechanism. Davitashvili [9] presented synthesis and analysis of spherical mechanisms. Alizade and Kilit also
present a new methodology, minimum deviation area (MDA), which is a method for selecting the precision
points on given function through graphs. Sancibrian et al. [10] and Cervantes-Sanchez et al. [11] studied on
function generation of Spatial mechanisms. Sancibrian et al. [10] proposed a new synthesis method which uses a
dimensional synthesis technique and local optimization. Cervantes-Sanchez et al. [11] had a new approach for
three and four precision points for exact synthesis. Alizade and Gezgin [12] propesed a new function generation
synthesis method for spherical four-bar mechanism with six independent parameters in which interpolation,
least-square and Chebyshev approximation are used and error differences are compared with each other through
graphs. Finally, Davitashvili [13] presented a research of spatial hinged mechanisms.

In this study, Chebyshev Approximation is used for the function generation of the spatial RTSR
mechanism. Absolute error values are added to the objective function modified with a changing sign for cach
value. Precision points are determined using equal spacing and objective function is solved for the construction
parameters and the error value. After determining the construction parameters, derivation of the objective
function is used to obtain new precision points which are used for recalculation and reducing the error.

*Corresponding Author. Tel.: +90 232 750 6757. E-mail: duygucomen(@iyte edu.tr
g 1
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2. RTSR MECHANISM

The RTSR mechanism which is shown in Figure 1, is composed of four joints and four links, The first
link, », is between the joints A and B which are revolute and Hooke’s joints. Those joints’ axes intersect at point
A. The second link, ¢, is between the joints C and D which are constructed as a spherical and a revolute joint,
respectively. These two free-end links are connected to each other with a third link, /, which is between the joints
B and C. The third link, /. can rotate freely in three perpendicular directions as a result of these joint connections.
The fourth link DA is connected to link r and link ¢ by two separate revolute joints rotating about Y-axis and Z-
axis respectively. The link ¢ moves on XY plane and the link » moves on X’Z" plane which is parallel to X7
plane.

actuator

c e

Fig. 1. RTSR Mechanism
3. OBJECTIVE FUNCTION

One of the main problems that may arise during the synthesis of any mechanism is describing the
objective function of that mechanism. During this process, one has to take into account the constrains. Objective
function of the mechanism must be found and simplified with a suitable algebraic method. One of the axes of
spherical and Hooke’s joints commonly intersect in one point. That’s why algebraic method is a proper way for
synthesis of the mechanisms.

In this study, the RTSR mechanism will be examined. In the task of writing the objective function of the
mechanism, it is required to write the position vectors of points B and C with respect to the original coordinate
frame XYZ:

B=[la+rCos¢ —d b-rSmg]|". C=[cCosiy cSimpy 0]7 (1)

The parameter ¢ is considered as a known value, which is taken as c¢=/, to reduce the number of
unknown parameters of the mechgmism. Thus, 5 unknown construction parameters (7, I, a, b, d) which belong to

the mechanism should be determined in our synthesis problem. A relation that gives the length / is written by
using the positions of points B and C:

P X~ XV + e~ +Z ~ 2, 2
Using Equation (1) and expanding the Equation (2), the objective function of the RTSR mechanism in
the polynomial form is obtained as below:

B fo@)+ R 1) + B, [,(8)+ P fi(8)+ P [i(8) =F(@). i=l.n+l, )

where
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B=(’-1-d*-b"—-d*—r*)/2r P =alr P=-a P=dir P=b

fo=l fi=Cosy [,=Cos¢p [fi=8iny f, =Sing  F(g)=—Cosy Cos¢

c=1and ¢ is the input angle and ¢ is the output angle of the mechanism.

4, CHEBYSHEY APPROXIMATION

Chebyshev Approximation is a method that gives an approximate function with equal errors in the
design interval. The function generated with Chebyshev Approximation Method oscillates between an error
bound of + L as it is shown in Figure 2.

&

F(x,0)
F(X)

PR K-

>

Xo X
Fig, 2. Desired (F(X)) and Generated (#(X,C)) Functions

The maximum absolute value of the difference between the desired function and generated function
Becomes L which is given below:

| F(4,.C)-F(@)|=L, e T @

The sign of the maximum error value of generated function changes in each section of the solution
imserval. Each section is denoted with a sign in Figure 2. It is noted that the boundaries of the sections correspond
%o precision points, which intersect with the desired function. The last form of the objective function is obtained
by adding the error term with the changing sign to the Equation (4) and it is given in Equation (5):

DB @) =F@)+(=1 L, i=1l.n+2. )

The absolute error value L is considered as an unknown parameter and solved with other construction
parameters of the system. Thus the number of the equations becomes n+2, where n+2 is the number of the
construction parameters which are to be found during the design process. In the case that is considered in this
study, the total number of construction parameters is 6.

Equation (5) can be solved numerically for finding the coefficients Py, P;, P Ps, Py and L, since there
are six equations with six unknown parameters. By using these coefficients, construction parameters can be
solved using the relations given in Equation (3).

It is needed to plot the derivative of the objective function to reduce the error value, where the roots of
this derivation give the extremums of the objective function. These points will become the new precision points
and the error value is reduced. There will be n+1 roots of the derivation, which are composed of n+1 precision

17
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points and the last required point is taken from the previous solution’s initial or last boundary precision points.
Derivative of the objective function in Equation (5) is given by the Equation (6):

LRSI =F'@). i=l.n+2. -

5. NUMERICAL EXAMPLE

As a numerical example, the input angle interval is chosen as 0.4 71 < @ < 1 with the output angle
interval 0.1 7 < 4 < 0.6 m. Output fiinction is chosen as y =x"* with the interval 1 <x <3 and equal spacing is
used to determine six precision points which are givenlin the first row of the Tablel. Using these initial precision
points, construction parameters and error values are calculated as shown in Table 1, 2. Then the roots of the
Equation (6) are taken as new precision points. First boundary precision point from the previous solution is
taken, while five points are taken from the roots of the derivation, since six precision points are required. This
process is done recursively for 5 times and calculated construction parameters of RTSR mechanism are given in
Table 2.

Table 1
Precision points for numerical example
Precision
Points
- 531111999 [ 130113 | o019 |
0.562555 | 0.637864 | 0.845071 | 1.12294
Table 2

[t can be observed that calculated parameter values do not change significantly after 5 repetitions of the
calculation. This result can be seen graphically by plotting togethier the error functions that belong to each
calculation Fig. 3.
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Fig. 3. Errors in objective function of the designed mechanism
a) first two calculations b) 3“‘, 4" and 5" calculations

6. CONCLUSION

Chebyshev Approximation is applied for spatial RTSR mechanism. Precision points are determined by

wsing the equal spacing and objective function is solved by numerical techniques. The solution is repeated for the
sew precision points and the error values are reduced by using the derivation of the objective function. It is
observed that in the 5" repetition of the calculations, the objective function stays the same with the previous
calculation step. The absolute error values similarly do not change significantly for the 4" and 5" calculations.
Thus, it was possible to synthesis a RTSR mechanism for function generation within an error bound using

Chebyshev Approximation.
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KHHEMATHYECKHIA CUHTE3 NEPEIATOYHOT'Q NIPOCTPAHCTBEHHOI'O MEXAHH3MA
RTSR C HCIIOJAb30BAHMEM YEBBIIIEBCKOIO liPUBJIMKEHKS

Ayiry Yomen, Hakaii Iprsiastnaoray, MW, Txan Hene

Pesiome: B atoll pabote mexanusm RTSR mpecrasies ana reHepHpoOBAHHA BHIXOAHOH (yHKUMH C
HCnoAL30BaHMEM TeXHHKH ebpimesckoro npubiwkenns. [IpUMeHCHs! paBHBIC HHTEPBAL! IS ONpeeieHus
TOUHLIX TOUeK npubmnkeHns (QyHKUMA Mexanusma, BeluuHHa OTIIOHeHUs BBejieHa B (YHKUHE LEmi i
PACCMATPHBACTCA KaK HEMIBECTHLI apameTp npu BopiMHcaeHnil, HOBIE TOUHbIE TOUKH NpubaMxena GyHKIi
OTPEACIIAOTCA M3 YPAaBHEHHI, MOMYHCHHBIX MyTeM muddepeHumpoBanus (yHKIMH uenu. [lpomecc cuuteza
MOBTOPASTCA A0 TeX NOpP NOKa afCoMOTHAS BENWYHHA OTKIOHEHWA CTAOHIM3HPYETCA B 3afalibix Npeenax
OTKJIOHEHHS, Pe3ynpTaTel naHbl B TaGMULAX 1 rpadHKax.
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