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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 

 
 

 
   



ISSN 2224-5278                                                                                Series of Geology and Technical Sciences. 6. 2018 
 

 
3 

Б а с  р е д а к т о р ы 
 

э. ғ. д., профессор, ҚР ҰҒА академигі 
 

И.К. Бейсембетов  
 

Бас редакторының орынбасары 
 

Жолтаев Г.Ж. проф., геол.-мин. ғ. докторы 
 

Р е д а к ц и я  а л қ а с ы: 
 

Абаканов Т.Д. проф. (Қазақстан)  
Абишева З.С. проф., академик (Қазақстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Əзірбайжан)  
Бакиров А.Б. проф., (Қырғыстан) 
Беспаев Х.А. проф. (Қазақстан)  
Бишимбаев В.К. проф., академик (Қазақстан)  
Буктуков Н.С. проф., академик (Қазақстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Тəжікстан)  
Грэвис Р.М. проф. (АҚШ)  
Ерғалиев Г.К. проф., академик (Қазақстан) 
Жуков Н.М. проф. (Қазақстан)  
Кенжалиев Б.К. проф. (Қазақстан)  
Қожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Ресей)  
Курскеев А.К. проф., академик (Қазақстан)  
Курчавов А.М. проф., (Ресей)  
Медеу А.Р. проф., академик (Қазақстан)  
Мұхамеджанов М.А. проф., корр.-мүшесі (Қазақстан) 
Нигматова С.А. проф. (Қазақстан)  
Оздоев С.М. проф., академик (Қазақстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Қазақстан)  
Сейтов Н.С. проф., корр.-мүшесі (Қазақстан)  
Сейтмуратова Э.Ю. проф., корр.-мүшесі (Қазақстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (АҚШ)  
Штейнер М. проф. (Германия) 

 
 

«ҚР ҰҒА Хабарлары. Геология мен техникалық ғылымдар сериясы».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.). 
Қазақстан республикасының Мəдениет пен ақпарат министрлігінің Ақпарат жəне мұрағат комитетінде 
30.04.2010 ж. берілген №10892-Ж мерзімдік басылым тіркеуіне қойылу туралы куəлік. 
 

Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 

Редакцияның мекенжайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., 220, тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2018 
 

Редакцияның  Қазақстан, 050010, Алматы қ., Қабанбай батыра көш., 69а. 
мекенжайы: Қ. И. Сəтбаев атындағы геология ғылымдар институты, 334 бөлме. Тел.:  291-59-38. 
 

Типографияның мекенжайы: «Аруна» ЖК, Алматы қ., Муратбаева көш., 75.  



N E W S of the Academy of Sciences of the Republic of Kazakhstan 
  

   
4  

Г л а в н ы й  р е д а к т о р 
 

д. э. н., профессор, академик НАН РК 
 

И. К. Бейсембетов 
 

Заместитель главного редактора 
 

Жолтаев Г.Ж. проф., доктор геол.-мин. наук 
 

Р е д а к ц и о н н а я  к о л л е г и я: 
 

Абаканов Т.Д. проф. (Казахстан)  
Абишева З.С. проф., академик (Казахстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Азербайджан)  
Бакиров А.Б. проф., (Кыргызстан) 
Беспаев Х.А. проф. (Казахстан)  
Бишимбаев В.К. проф., академик (Казахстан)  
Буктуков Н.С. проф., академик (Казахстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Таджикистан)  
Грэвис Р.М. проф. (США)  
Ергалиев Г.К. проф., академик (Казахстан) 
Жуков Н.М. проф. (Казахстан)  
Кенжалиев Б.К. проф. (Казахстан)  
Кожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Россия)  
Курскеев А.К. проф., академик (Казахстан)  
Курчавов А.М. проф., (Россия)  
Медеу А.Р. проф., академик (Казахстан)  
Мухамеджанов М.А. проф., чл.-корр. (Казахстан) 
Нигматова С.А. проф. (Казахстан)  
Оздоев С.М. проф., академик (Казахстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Казахстан)  
Сеитов Н.С. проф., чл.-корр. (Казахстан)  
Сейтмуратова Э.Ю. проф., чл.-корр. (Казахстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (США)  
Штейнер М. проф. (Германия) 

 
 

«Известия НАН РК. Серия геологии и технических наук».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Собственник: Республиканское общественное объединение «Национальная академия наук Республики 
Казахстан (г. Алматы) 
Свидетельство о постановке на учет периодического печатного издания в Комитете информации и архивов 
Министерства культуры и информации Республики Казахстан №10892-Ж, выданное 30.04.2010 г. 
 

Периодичность: 6 раз в год 
Тираж: 300 экземпляров 
 

Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, ком. 219, 220,  тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 

 
 Национальная академия наук Республики Казахстан, 2018 

 

Адрес редакции: Казахстан, 050010, г. Алматы, ул. Кабанбай батыра, 69а. 
 Институт геологических наук им. К. И. Сатпаева, комната 334. Тел.:  291-59-38. 
 

Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75  



ISSN 2224-5278                                                                                Series of Geology and Technical Sciences. 6. 2018 
 

 
5 

E d i t o r  i n  c h i e f 
 

doctor of Economics, professor, academician of NAS RK 
 

I. K. Beisembetov 
 

Deputy editor in chief 
 

Zholtayev G.Zh. prof., dr. geol-min. sc. 
 

E d i t o r i a l  b o a r d:  
 

Abakanov Т.D. prof. (Kazakhstan)  
Abisheva Z.S. prof., academician (Kazakhstan)  
Agabekov V.Ye. academician (Belarus) 
Aliyev Т. prof., academician (Azerbaijan)  
Bakirov А.B. prof., (Kyrgyzstan) 
Bespayev Kh.А. prof. (Kazakhstan)  
Bishimbayev V.K. prof., academician (Kazakhstan)  
Buktukov N.S. prof., academician (Kazakhstan)  
Bulat А.F. prof., academician (Ukraine)  
Ganiyev I.N. prof., academician (Tadjikistan)  
Gravis R.М. prof. (USA)  
Yergaliev G.K. prof., academician (Kazakhstan) 
Zhukov N.М. prof. (Kazakhstan)  
Kenzhaliyev B.K. prof. (Kazakhstan)  
Kozhakhmetov S.М. prof., academician (Kazakhstan)  
Kontorovich А.Ye. prof., academician (Russia)  
Kurskeyev А.K. prof., academician (Kazakhstan)  
Kurchavov А.М. prof., (Russia)  
Medeu А.R. prof., academician (Kazakhstan)  
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan) 
Nigmatova S.А. prof. (Kazakhstan)  
Ozdoyev S.М. prof., academician (Kazakhstan)  
Postolatii V. prof., academician (Moldova)  
Rakishev B.R. prof., academician (Kazakhstan)  
Seitov N.S. prof., corr. member. (Kazakhstan)  
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)  
Stepanets V.G. prof., (Germany)  
Humphery G.D. prof. (USA)  
Steiner М. prof. (Germany) 

 

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology 
sciences.   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)  
The certificate of registration of a periodic printed publication in the Committee of information and archives of the 
Ministry of culture and information of the Republic of Kazakhstan N 10892-Ж, issued 30.04.2010  
 

Periodicity: 6 times a year  
Circulation: 300 copies  
 

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18, 
http://nauka-nanrk.kz/geology-technical.kz 
 
 

© National Academy of Sciences of the Republic of Kazakhstan, 2018 
 

Editorial address:  Institute of Geological Sciences named after K.I. Satpayev 
 69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38. 
 

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty   



N E W S of 
 
N E W S 
OF THE N

SERIES O

ISSN 2224

Volume 5,
 
 
UDC 621.0
 

Institu

 

Abstr
(units). Slid
dynamic lo
shock cycli
press is rep
consists of 
press, it is 
the dissipat
machine pa
of inelastic 
excitation o
dissipative 
dissipative 
press. The 
results show
adjustment 

Key w
 

Intro
various pa
nents. The
cyclic load
ture chart o

f the Academy 

NATIONAL 

OF GEOLO

4-5278 

, Number 43

001.5  

ute of Mechan

DETE

ract. The pape
de-crank mech
ads in the ass
ic loads. Dyn
presented as an

lumped mass
required to de

tion coefficien
arts and mech

resistance, ca
of parametric o

coefficients 
elements of t
dynamic mod
w that the dy
of the coeffic

words: dynam

oduction. Cr
arts [1-3]. W
ese dynamic 
ds. The resea
of the press 

of Sciences of

ACADEMY

OGY AND T

1 (2018), 10

nics and Mech
E

ERMINA

er considers th
hanism of the
semblies and 
namic research
n oscillatory s
ses connected 
etermine dissi
nts is of great 
anical energy
alled dissipati
oscillations an
is based on 
he system. An
del of the cra
ynamics of o

cients of dissip
mics, crank pre

rank press is
When the cran

loads are a
arch of the d
[1]. 

f the Republic

Y OF SCIEN

TECHNICAL

02 – 109 

А. K. Tule

hanical Engin
E-mail: aman_

TION OF
OF C

he determinat
e press perform
connections o
h of crank pre
system with m
by elastic-di

ipation coeffi
complexity. I

y is transferred
ive forces. Th
nd self-oscilla
available inf

n example is 
ank press was
oscillations of
pation. 
ess, hardness (

s a machine 
nk press ope
associated wi
dynamics of 

Figure 1 – Stru

c of Kazakhsta
 

   
102  

NCES OF TH

L SCIENCE

eshov, А. А.
 

eering named
58@mail.ru; l

 

F DISSIPA
CRANK P

tion of the dis
ms stamping o
of the press. W
esses, at pres
many degrees 
ssipative elem
icients of indi
In the case of 
d into thermal
he amplitudes 
ations depend 
formation on 
given for dete

s compiled on
f the drive sh

(toughness), d

with a slid
erates, signif
ith operation
crank presse

 

 

ucture chart of 

an 

HE REPUBLI

ES 

https://doi.o

. Jomartov

after U. A. Jo
legsert@mail.

ATIVE P
PRESS 
ssipation coeff
of various par
Work features
ent, is a critic
of freedom. T

ments. To calc
ividual section
vibrations of 

l. Losses of m
of the resona
on the dissipa
the dissipati

ermining the 
n the program
haft of the cr

dissipation, рас

e-crank mec
ficant dynam
n aspect of t
es is of great

the crank press

IC OF KAZA

org/10.3201

oldasbekov, A
.ru 

PARAME

ficients of the
rts. In such a c
s of the crank 
cal task. Dyn
The dynamic 
culate the dyn
ns of the driv
elastic system

mechanical ene
ance oscillatio
ation coefficie
ion coefficien
coefficients o

m complex Sim
rank press ch

ссеяние, osci

chanism, des
mic loads occ
the crank pr
t interest. Fig

 

s 

AKHSTAN 

4/2018.2518

Almaty, Kazak

ETERS  

e crank press’s
case, there are
press are con

namic model o
model of the

namic model o
ve shaft. Deter
ms, energy is d
ergy are cause

ons, the condit
ents. The deter
nts of individ
of dissipation 
mulationX. T
hanges signifi

llations, Simu

signed for st
cur in machi
ress, which i
gure 1 show

8-170X.40 

khstan. 

s assemblies 
e significant 
nnected with 
of the crank 
 crank press 
of the crank 
rmination of 
dissipated in 
ed by forces 
tions for the 
rmination of 
dual elastic-
of the crank 

The obtained 
icantly after 

ulationX. 

tamping of 
ine compo-
is in shock 
s the struc-



ISSN 2224

Princi
the slider 
7 parts of 
The muff o
press. 

The c
several ton
loads. To s
shows the 
elastic-diss

The f
of inertia 
brake, J3- 
of the muf
the flywhe
В1 - V-be
flywheel a

Inerti
[4-9]. Dete

Deter
pative forc
machinery
mechanism
fixed joint
machine p
Dissipative

Ampl
oscillation

Dissip
frequencie

For m
defined as 

where ݍ - 
tance forc
vibration s
of dynami
depends a 
|ܴ| ൌ ܲ ൌ
available, 

Divis
generally p
assess an 
informatio
decrement

-5278             

iple of opera
4 with the p
the punch. T
of the press 

crank press c
ns. These det
study the dy
dynamic mo
sipative elem

following ide
of the engin
reduced mom

ff; С1 - V-be
eel and the c
elt drive dis
and the crank
al and stiffn
ermination o
rmination o
ces have a g
y joints are: 
m and surrou
ts. At oscilla
parts, in ela
e forces, are 
litudes of r

ns and self-os
pative forces
es [8-11]. 
mechanical s

follows [8]:

is the gene
ce does not 
speeds in liq
ics of mach
little on vib

ൌ  the ,ݐݏ݊ܿ
at which ܴ ൌ
ion of the e
physically im
influence o

on in the form
t	ߣ, which are

                    

ation of the c
punch 5 thro
The press dr
11 is located

contains mov
tails and com

ynamics of th
odel of the cr
ments. 

entifications 
ne rotor and 
ment of inert
elt drive stiff

crank, С3 - st
sipation coe

k, В3 - dissip
ness paramet
of the dissipat
of dissipativ
great influenc

forces of f
unding enviro
ations of ela
astic elemen
forces of ine
resonance o
scillations de
s have signifi

ystems with
  

ralized coor
depend on 

quid or gas ܴ
hinery, the m
brospeed, in 
force of dry
ൌ ݂ሺݍሻ	ݍሶ . 
elastic dissip
mpossible. Fo
of dissipatio
m of some in
e received ex

                      

crank press (s
ough the cran
rive consists
d between th

ving details a
mponents are
he crank pres
rank press. T

Figure 2 – Dyn

are introduc
pulley whee
tia of the cra

ffness coeffic
tiffness coef

efficient, В2 
pation coeffic
ters for the 
tion coefficie
e coefficien
ce on machi
friction in k
onment; visc
astic mechan
nts, there is 
elastic resista
oscillations, 
epend on mag
ficant effect o

h one degree

ܴ ൌ െ
dinate, descr
the generali
ܴ ൌ െܾ	ݍሶ , wh
module of re

such a case
y (or Coulom

pative force 
or engineerin

on on oscilla
ntegral chara
xperimentally

                    

 
103 

see figure 1)
nk rod 3. Th
of an electri

he flywheel 1

and compone
 cycled at hi
ss, different d
The dynamic 

 

 
namic model of

 

ced in the dy
el, J2 - reduc
ank and exec
cient, С2 - st
fficient of the

- dissipatio
cient of the s
dynamic mo
ents is of gre
ts of multi-
inery motion
kinematic co
cosity forces
nical system

a transition
ance due to w

conditions 
gnitude of di
on oscillating

e of freedom

െ|ܴሺݍ, ሶݍ ሻ|݃݅ݏ
ribing oscill
ized coordin
here ܾ - is th
esisting forc
 resisting fo

mb) friction t

on elastic a
ng calculatio
ating proces

acteristics, su
y at single-fr

   Series of Ge

): the crank 1
he piece 6 is
ic motor 8, a
10 and the cr

ents, the mas
gh speeds an
dynamic mo
model consi

f the crank press

ynamic mode
ced moment
uting mecha
tiffness coef
e shaft sectio
n coefficien
haft section 
odel are easi
eat complexi
-degree-of-fr
n. Key reason
ouples and e
, arising in p

ms there is a 
n of a mec
which the me

of initiatio
issipative for
g processes w

m the resistan

ሶݍ	݊݃  ,          

ating proces
nate ݍ. At v
he dissipativ
ce depends o
orce is called
takes place. A

and dissipativ
ons efficient a
sses. The en
uch as a dissi
requency mo

eology and Te

1 rotates abo
s processed b
a V-belt driv
rank 13. Brak

ss of which is
nd they are su
odels are wor
ists of lumpe

 

s 

el (Figure 2)
t of inertia o
anism, J4 red
fficient of the
on between t

nt of the sha
between the 
ily determin
ty. 
reedom osci
ns, causing p
external fric
places of con

dissipative 
chanical pow
echanical pow
on of param
rces. [8]  
with the frequ

nce force, ar

                    

ss. Sometime
viscous resist
ve coefficient
on the gene
d positional ܴ
Also position

ve compone
approximate 
ngineer has 
ipation coeff

odes. 

echnical Scien

ut the axis 2
by moving 6
ve 9 and a fl
ke 12 serves 

s from hundr
ubject to larg
rked out [4-9
ed masses co

): J1 - reduce
of the flywhe
duced momen
e shaft sectio
the crank and
aft section b

crank and th
ned by know

illatory syst
power dissip
ction betwee
ntact of elem
forces in th

wer to therm
wer is lost [8
metrical, su

uencies close

rising at osci

                   

es the modu
tance, arisin
t. Usually fo

eralized coor
ܴ ൌ െ|ܴሺݍሻ
nal - viscous

ents is condi
 methods are
only restric

ficient ߰ or l

nces. 6. 2018
 

 and drives 
6 and fixed 
ywheel 10. 
to stop the 

red kilos to 
ge dynamic 
9]. Figure 2 
onnected by 

ed moment 
eel and the 
nt of inertia 
on between 
d the muff, 
etween the 
he muff. 

wn methods 

tem. Dissi-
pates in the 
en links of 

ments of the 
he joints of 
mal power. 
8-19]. 
ubharmonic 

e to natural 

illations, is 

             (1)

le of resis-
ng at small 
or problems 
rdinate and 
ሻ|݊݃݅ݏ	ݍሶ . If 
s friction is 

itional, and 
e applied to 
cted initial 
logarithmic 

          

          



N E W S of the Academy of Sciences of the Republic of Kazakhstan 
  

   
104  

In figure 3 the graph of restoring force with account of dissipative properties is shown. The graph has 
two edges, top corresponds to loading, and lower - unloading. The square of the figure, restricted by the 
edge of loading and X axis, corresponds to the work spent at deformation, and the square of the figure, 
bounded above by the second edge - to the work made by elastic element when unloading. At the same 
time the shaded area which contour is called a hysteresis curve is proportional to the work spent in one 
cycle for passing the forces of inelastic resistance. The ratio of this dissipated power to the work spent at 
deformation is called a dissipation coefficient ߰ [8]. 

 

 
 

Figure 3 – The graph of the restoring force with account of dissipative properties:  
1 - loading curve; 2 - unloading curve 

 
The large number of dissipative factors, complexity and variety of the processes accompanying the 

oscillating phenomena lead to the fact that at the solution of engineering tasks it is necessary to resort to 
the dissipation parameters received from an experiment [16, 17]. In some cases an experiment determines 
dissipation coefficients of separate construction elements or joints, in other - some given values peculiar to 
the whole mechanism, knot, etc. Dissipation parameters usually are defined at single-frequency oscil-
lations in the mode of damped free oscillations or in the resonance mode at forced oscillations. In the first 
case we have extinction process (figure 4) for which the dissipation coefficient can be defined as [8] 

2

2

1

1 ,
A

A


 
  

 
 

where ܣଵ and 	ܣଶ, two successive value of oscillation's amplitude divided by one period.  
 

 
 

Figure 4 – Damped oscillations graph 
 

Logarithmic decrement is a parameter ߣ ൌ ݈݊ ቀ
	భ
	మ
ቁ . From here 

߰ ൌ 1 െ ݁ିଶఒ 

At small values ߣ we have ߰ ൎ  ,are not constants ߣ In the most general case parameters ߰ and .ߣ2
and can depend on amplitude and oscillation frequency. From the analysis of the experimental data it is 
known that dependence of parameters of dissipation on oscillation frequency is shown very poorly. 
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The range of change of parameters of dissipation depending on various conditions is rather wide. So, 
average value of coefficient ߰ for roller bearings fluctuates from 0,2 to 0,6; for dry cylindrical and conic 
joints from 0,03 to 0,15, and for well-greased surfaces coefficient ߰ reaches value 1. 

Reference data for many mechanisms of textile and polygraph machineries, machines, light industry 
machineries, etc., show that given dissipation factor ߰ , stays within the range of values 0.4  ߰ 
0.65 [8]. These values can be used at scoping calculation when there is no possibility of obtaining more 
precise information from an experiment. 

Oscillatory system with one degree of freedom. Let's consider the equivalent linearization of 
dissipative forces in oscillating system with one degree of freedom. Let's comprise differential equation of 
the system with one degree of freedom [8]:  

ሷݍ݉  ݍܿ ൌ ሻݐሺܨ െ |ܴሺݍ, ሶݍ ሻ|݊݃݅ݏ	ݍሶ  ,                                              (2) 

where ݉, ܿ - the reduced mass and reduced stiffness coefficient; ܨሺݐሻ – is a driving force.  
As dissipative force is non-linear a differential equation (2) is also non-linear. Because dissipative 

forces very slightly influence the frequency of free oscillations, and only defines a level of oscillation’s 
amplitude at a resonance. In view of small influence of non-linear dissipative force on oscillating process, 
this oscillatory system is called quasi-linear. For the non-linear force െܴሺݍ, ሶݍ ሻ we can find energetically 
equivalent linear force ܴ ൌ െܾ	ݍሶ . Lets ܨሺݐሻ ൌ ܨ   then under the stationary forced oscillations ,ݐ߱݊݅ݏ
ݍ ൌ ݐሺ߱݊݅ݏܣ െ   ሻ. At the same time the energy dissipated in one period [8]ߛ

Δܧ ൌ නܣ |ܴሺ߮ݏܿܣ߱,߮݊݅ݏܣሻܿ߮ݏ|

ଶగ



݀߮ ൌ  ଶ/2ܣܿ߰

On the other hand,	Δܧ ൌ   ଶ߱. Henceܣܾߨ

ܾ ൌ Δܧ/ሺܣߨଶ߱ሻ ൌ ߰ܿ/ሺ2߱ߨሻ                                                      (3)  

In the formula (3) frequency of a driving force ߱ can be replaced by natural frequency ݇, dissipative 
forces influence strongly the oscillating process near this frequency [8]. 

The value Δܧ corresponds to the area of hysteresis curve. Thus, from (3) follows that dissipative 
properties at the mono-harmonic mode are defined by the area of hysteresis curve and do not depend on 
the form of this loop. Dissipation coefficient ߰ does not depend on amplitude if size Δܧ is proportional to 
amplitude square [8]. It occurs at the linear resistance force or resistance force proportional to the first 
degree of amplitude. 

From the analysis of the experimental data it is obtained that dissipation factor ߰, and logarithmic 
decrement ߣ poorly depend on an oscillation frequency [9] . Then, according to the formula (3) value of 
coefficient ܾ in inverse proportion to an oscillation frequency.  

Oscillatory System with multi degrees of freedom. Let's consider the equivalent linearization of 
dissipative forces for oscillating system with multi degrees of freedom. The dynamic model of oscillatory 
process is quasilinear because, non-linear dissipative forces have negligible influence on natural 
frequencies and forms of oscillations [8,9].  

System of differential equations of model with ܪ degrees of freedom looks as follows:  

ሷࢇ  ࢉ ൌ   (4)                                                                       ࡽ

where ࢇ,  is the vector-matrix –  ;are square matrixes of inertial and quasi-elastic coefficients – ࢉ
(column) of the generalized coordinates; ࡽ – is the vector matrix of non-conservative forces.  

In the vector of generalized forces dissipative component ࡾሺݍ, ሶݍ ሻ, we present as  

ࡾ ൌ െ࢈	ሶ  
where ࢈ െ	is the square matrix of equivalent dissipative coefficients;  െ	is the vector of generalized 
velocities.  

The task is to find value of dissipative coefficients ܾ௩, the determination of which would base on the 
available information about the dissipation coefficients (or logarithmic decrements) of the individual 
elastic and dissipative elements of the system.  
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For purely viscous friction, where the force of resistance is proportional to the first order of velocity, 
for describing the dissipative properties, we usually use the dissipation function of Rayleigh 	Φோ, which 
characterizes the intensity of the change in the total energy of the system ܧ. 

	Φோ ൌ െ
1
2
ܧ݀
ݐ݀

ൌ
1
2
 ܾ௩

ு

௩ୀଵ

ு

ୀଵ

ఫሶݍ ௩ሶݍ  

However, for frequency-independent dissipation the coefficients ܾ௩, are unknown, and as the task is 
to change non-linear system by linear equivalent, here approximate approach is used.  

Let us introduce the normal (main) coordinates ߠ, ݎ ൌ  തതതതതܪ,1

ݍ ൌ ߚ

ு

ୀଵ

 ߠ

where ߚ	- are the shape coordinates, determined without taking into account the dissipative forces.  

Then the system of differential equations (4) can be written as follows 

ሷࣂ∗ࢇ  ࣂ∗ࢉ ൌ  (5)                                                                   ∗ࡽ

where ࢇ∗ ൌ ∗ࢉ	,	ࢼࢇࢀࢼ ൌ  are the diagonal matrixes of inertial and quasi-elastic coefficients after – ࢼࢉࢀࢼ
the transition to the normal coordinates; ࡽ,∗ - are the vector-matrixes of the normal coordinates and non-
conservative generalized forces; ࢼ – is the matrix of the shape modes coefficients.  

When drawing up equation (5) the assumption of the absence of dissipative connections, between 
different oscillation modes was used [8].  

Let’s introduce in every equation of the system (5) equivalent dissipative force ܴ ൌ െܾ∗ߠሶ. Then  

ܽ∗ߠሷ  ܾ∗ߠሶ  ܿ∗ߠ ൌ  ,ሻݐ∗ሺܨ
where  

∗ܨ ൌܳ

ு

ୀଵ

 ߚ

Dissipation coefficient ߰∗, corresponding to ݎ mode, is determined as  

߰∗ ൌ ∑ ߰
ு
ୀଵ ܿߚ

ଶ /∑ ߚ
ଶு

ୀଵ . 

Hence with (3) ݎ – dissipative coefficient is determined by formula  

ܾ∗ ൌ
ట䊆
∗ ೝ

ଶగೝ
, ݎ ൌ  തതതതത,                                                                (6)ܪ,1

where 

݇ ൌ ටܿ ܽൗ , ݎ ൌ  .natural frequencies of the system - ݎ - , തതതതതܪ,1

Example. Let’s consider the definition of the dissipative coefficients of the crank press (figure 1). 
Dynamic model of the crank press (figure 2), we will count on the software package SimulationX [20]. 
Figure 5 shows the dynamic model of the crank press on the software package SimulationX [21-24]. The 
drive shaft of the press rotates at a speed of ߱ ൌ  .ܿ/݀ܽݎ	80

 

 
 

Figure 5 – The crank press model on SimulationX 
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Initial data:  
moments of inertia of disks 

ଵܬ ൌ 0.5	݇݃ ∙ ݉ଶ, ଶܬ ൌ 10	݇݃ ∙ ݉ଶ, ଷܬ ൌ 5	݇݃ ∙ ݉ଶ, ସܬ ൌ 0.6	݇݃ ∙ ݉ଶ, 

stiffness coefficients 

сଵ ൌ 0.16 ∙ 10ସܰ ∙ ,݀ܽݎ/݉ сଶ ൌ 3.5 ∙ 10ହܰ ∙ ,݀ܽݎ/݉ сଷ ൌ 3.5 ∙ 10ହܰ ∙  ݀ܽݎ/݉

Let’s take as the assumed initial values of the dissipation coefficients 

 ܾଵ ൌ 50	ܰ ∙ ݉ ∙ ,݀ܽݎ/ܿ ܾଶ ൌ 60	ܰ ∙ ݉ ∙ ,݀ܽݎ/ܿ ܾଷ ൌ 60	ܰ ∙ ݉ ∙  (7)                      .݀ܽݎ/ܿ

Determine the natural frequencies of the system (figure 6). 
 

 
Figure 6 – The natural frequencies of the system 

 

Take the values of dissipation coefficients from work [9], ߰ଵ ൌ ߰ଶ ൌ ߰ଷ ൌ 0.5. 
Determine revised values of the dissipation coefficients by formula (6), 

 ܾଵ ൌ 237	ܰ ∙ ݉ ∙ ଶܾ , .݀ܽݎ/ܿ ൌ 557	ܰ ∙ ݉ ∙ ଷܾ ,݀ܽݎ/ܿ ൌ 214ܰ ∙ ݉ ∙  (8)                 .݀ܽݎ/ܿ

Revised values of dissipation coefficients (8) substantially differ from the initial values (7).  
Figure 7 shows oscillation charts of the 4th disk (of the crank press actuator) (figure 7a) with the 

initial and revised values of the dissipation coefficients (figure 7b). 
 

    
(а) (б) 

 
Figure 7 – Oscillation of the 4th disk (of the crank press actuator): а) with initial and б) revised data of dissipation coefficients 

 
From the graphic charts figure 7 а, б it can be seen that the dynamics of the executive mechanism 

(actuator) of the crank press differ greatly because of the correction of the dissipation coefficients. 
Conclusions. The method of determination of the dissipation coefficients of oscillatory system with 

many degrees of freedom was worked out.  
The method is based on the assumption that nonlinear dissipative forces have negligible effect on the 

natural frequencies and oscillation modes.  
Certainty of determination of dissipation coefficients depends on values of dissipation coefficients 

only, which must be determined experimentally, taking into account the design of the assembly units of 
mechanism.  
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Method of determination of dissipation coefficients of oscillatory system with many degrees of 
freedom was applied to refine the coefficients of dissipation of the crank press.  

Dynamics of oscillations of the drive shaft of the crank press differs after the refinement of the 
dissipation coefficients.  

This method of determination of dissipation coefficients is suitable for various machines with cyclic 
mechanisms.  
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Ө. А. Джолдасбеков атындағы механика жəне машинатану институты, Алматы, Қазақстан 
 

ҚОСИІНДІ БАСПАҚТЫҢ ДИССИПАЦИЯЛЫҚ ПАРАМЕТРЛЕРІН АНЫҚТАУ 
 

Аннотация. Жұмыста қосиндік баспақ түйінінің диссипаттық коэффиценттерінің анықталуы қарас-
тырылады. Баспақтың қосинді-сырғақты механизмі əртүрлі бөлшектерді қалыптайды. Осы кезде баспақ 
қосылыстарында жəне түйіндерінде шамалы динамикалық күш пайда болады. Қосиінді баспақтың ерекшелігі 
циклді соққылы күшке байланысты. Қосиінді баспақтың динамикалық зерттелуі қазіргі уақытта маңызды 
мəселе болып отыр. Қосиінді баспақтың динамикалық үлгісі көптеген еркіндік дəрежелері бар тербеліс 
жүйесі сияқты болып келеді. Қосиінді баспақтың динамикалық үлгісі серпімді-диссипативті элементтермен 
жалғанған шоғырланған массалардан тұрады. Қосиінді баспақтың динамикалық үлгісі есептеу үшін жетек 
білігінің жеке бөліктерінің диссипация коэффициенттерін анықтау керек. Диссипация коэффициенттерін 
анықтау үлкен қиындық туғызады. Серпімді жүйе тербелісінде машина түйіндерінде энергия шашырауы 
жəне механикалық энергияның жылу энергиясына айналуы болады. Механикалық энергияның жоғалуы 
серпімсіз кедергі күштердің əсерінен болады, олар диссипативті күштер деп аталады. Резонансты тербелістер 
амплитудасы, автотербілістер жəне параметрикалық тербелістерді қоздыру жағдайы диссипация коэффи-
циентеріне байланысты болады. Диссипация коэффициенттерінің анықталуы – жүйенің жеке серпімді дисси-
пативті элементтерінің шашырау коэффициенттері туралы қол жетімді ақпараттарға негізделген. Қосиінді 
баспақтың диссипация коэффициенттерін анықтау бойынша мысал келтірілген. Қосиінді баспақтың дина-
микалық үлгісі SimulationX бағдарламалық кешенінде құрылды. Алынған нəтижелерден диссипация коэф-
фициенттері нақтыланғаннан кейін, қосиінді баспақтың жетек білігінің тербеліс динамикасы түбегейлі 
өзгеретінін көруге болады. 

Түйін сөздер: динамика, қосиінді баспақ, қатаңдық, диссипация, шашаырау, тербеліс, SimulationX  
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ОПРЕДЕЛЕНИЕ ДИССИПАТИВНЫХ ПАРАМЕТРОВ КРИВОШИПНОГО ПРЕССА 
 
Аннотация. В работе рассматривается определение коэффициентов диссипаций узлов кривошипного 

пресса. Кривошипно-ползунный механизм пресса выполняет штамповки различных деталей. При этом 
возникаю значительные динамические нагрузки в узлах и соединениях пресса. Особенностью работы криво-
шипного пресса связаны с ударными циклическими нагрузками. Динамическое исследование кривошипных 
прессов, в настоящее время, является актуальной задачей. Динамическая модель кривошипного пресса пред-
ставляется, как колебательная система со многими степенями свободы. Динамическая модель кривошипного 
пресса состоит из сосредоточенных масс, соединенных упруго-диссипативными элементами. Для расчета 
динамической модели кривошипного пресса, требуется определение коэффициентов диссипаций отдельных 
участков приводного вала. Определение коэффициентов диссипаций представляет большую сложность. При 
колебаниях упругих систем происходит рассеяние энергии в узлах машин и происходит переход меха-
нической энергии в тепловую. Потери механической энергии вызываются силами неупругого сопротивления, 
называемыми диссипативными силами. От коэффициентов диссипации зависят амплитуды резонансных 
колебаний, условия возбуждения параметрических колебаний и автоколебаний. Определение диссипативных 
коэффициентов базируется на доступной информации о коэффициентах рассеяния отдельных упругодисси-
пативных элементов системы. Приведен пример по определению коэффициентов диссипаций кривошипного 
пресса. Динамическая модель кривошипного пресса была составлена на программном комплексе Simula-
tionX. Полученные результаты показывают, что динамика колебаний приводного вала кривошипного пресса 
существенно изменяется после уточнения коэффициентов диссипаций. 

Ключевые слова: динамика, кривошипный пресс, жесткость, диссипация, рассеяние, колебания, Simu-
lationX. 
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