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DETERMINATION OF DISSIPATIVE PARAMETERS
OF CRANK PRESS

Abstract. The paper considers the determination of the dissipation coefficients of the crank press’s assemblies
(units). Slide-crank mechanism of the press performs stamping of various parts. In such a case, there are significant
dynamic loads in the assemblies and connections of the press. Work features of the crank press are connected with
shock cyclic loads. Dynamic research of crank presses, at present, is a critical task. Dynamic model of the crank
press is represented as an oscillatory system with many degrees of freedom. The dynamic model of the crank press
consists of lumped masses connected by elastic-dissipative elements. To calculate the dynamic model of the crank
press, it is required to determine dissipation coefficients of individual sections of the drive shaft. Determination of
the dissipation coefficients is of great complexity. In the case of vibrations of elastic systems, energy is dissipated in
machine parts and mechanical energy is transferred into thermal. Losses of mechanical energy are caused by forces
of inelastic resistance, called dissipative forces. The amplitudes of the resonance oscillations, the conditions for the
excitation of parametric oscillations and self-oscillations depend on the dissipation coefficients. The determination of
dissipative coefficients is based on available information on the dissipation coefficients of individual elastic-
dissipative elements of the system. An example is given for determining the coefficients of dissipation of the crank
press. The dynamic model of the crank press was compiled on the program complex SimulationX. The obtained
results show that the dynamics of oscillations of the drive shaft of the crank press changes significantly after
adjustment of the coefficients of dissipation.
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Introduction. Crank press is a machine with a slide-crank mechanism, designed for stamping of
various parts [1-3]. When the crank press operates, significant dynamic loads occur in machine compo-
nents. These dynamic loads are associated with operation aspect of the crank press, which is in shock
cyclic loads. The research of the dynamics of crank presses is of great interest. Figure 1 shows the struc-
ture chart of the press [1].
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Figure 1 — Structure chart of the crank press
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Principle of operation of the crank press (see figure 1): the crank 1 rotates about the axis 2 and drives
the slider 4 with the punch 5 through the crank rod 3. The piece 6 is processed by moving 6 and fixed
7 parts of the punch. The press drive consists of an electric motor 8, a V-belt drive 9 and a flywheel 10.
The muff of the press 11 is located between the flywheel 10 and the crank 13. Brake 12 serves to stop the
press.

The crank press contains moving details and components, the mass of which is from hundred kilos to
several tons. These details and components are cycled at high speeds and they are subject to large dynamic
loads. To study the dynamics of the crank press, different dynamic models are worked out [4-9]. Figure 2
shows the dynamic model of the crank press. The dynamic model consists of lumped masses connected by
clastic-dissipative elements.
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Figure 2 — Dynamic model of the crank press

The following identifications are introduced in the dynamic model (Figure 2): J1 - reduced moment
of inertia of the engine rotor and pulley wheel, J2 - reduced moment of inertia of the flywheel and the
brake, J3- reduced moment of inertia of the crank and executing mechanism, J4 reduced moment of inertia
of the muff; C1 - V-belt drive stiffness coefficient, C2 - stiffness coefficient of the shaft section between
the flywheel and the crank, C3 - stiffness coefficient of the shaft section between the crank and the muff,
B1 - V-belt drive dissipation coefficient, B2 - dissipation coefficient of the shaft section between the
flywheel and the crank, B3 - dissipation coefficient of the shaft section between the crank and the muff.

Inertial and stiffness parameters for the dynamic model are easily determined by known methods
[4-9]. Determination of the dissipation coefficients is of great complexity.

Determination of dissipative coefficients of multi-degree-of-freedom oscillatory system. Dissi-
pative forces have a great influence on machinery motion. Key reasons, causing power dissipates in the
machinery joints are: forces of friction in kinematic couples and external friction between links of
mechanism and surrounding environment; viscosity forces, arising in places of contact of elements of the
fixed joints. At oscillations of elastic mechanical systems there is a dissipative forces in the joints of
machine parts, in elastic elements, there is a transition of a mechanical power to thermal power.
Dissipative forces, are forces of inelastic resistance due to which the mechanical power is lost [8-19].

Amplitudes of resonance oscillations, conditions of initiation of parametrical, subharmonic
oscillations and self-oscillations depend on magnitude of dissipative forces. [8]

Dissipative forces have significant effect on oscillating processes with the frequencies close to natural
frequencies [8-11].

For mechanical systems with one degree of freedom the resistance force, arising at oscillations, is
defined as follows [8]:

R =—[R(q,9)Isignq, (1)
where g - is the generalized coordinate, describing oscillating process. Sometimes the module of resis-
tance force does not depend on the generalized coordinate q. At viscous resistance, arising at small
vibration speeds in liquid or gas R = —b g, where b - is the dissipative coefficient. Usually for problems
of dynamics of machinery, the module of resisting force depends on the generalized coordinate and
depends a little on vibrospeed, in such a case resisting force is called positional R = —|R(q)|sign q. If
|R| = P = const, the force of dry (or Coulomb) friction takes place. Also positional - viscous friction is
available, at which R = f(q) gq.

Division of the elastic dissipative force on elastic and dissipative components is conditional, and
generally physically impossible. For engineering calculations efficient approximate methods are applied to
assess an influence of dissipation on oscillating processes. The engineer has only restricted initial
information in the form of some integral characteristics, such as a dissipation coefficient ¥ or logarithmic
decrement A, which are received experimentally at single-frequency modes.
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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 arca 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 i [8].
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X

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]

4]

where A, and A,, two successive value of oscillation's amplitude divided by one period.
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Figure 4 — Damped oscillations graph

Logarithmic decrement is a parameter A = {n (%) . From here
2

Pp=1-e2%

At small values 4 we have ¥ = 21. In the most general case parameters ¥ and A are not constants,
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 Y 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 i 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 <y <
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]:

mi +cq =F(t) —|R(q,9)|signg, )

where m, ¢ - the reduced mass and reduced stiffness coefficient; F(t) — 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 —R(q, ¢) we can find energetically
equivalent linear force R = —b q. Lets F(t) = Fy + sinwt, then under the stationary forced oscillations
q = Asin(wt — y). At the same time the energy dissipated in one period [8]

2
AE = Af |R(Asing, wAcos@)cos@| dp = YcA?/2
0
On the other hand, AE = mhA?w. Hence

b = AE/(mA%w) = Yc/(2nw) 3)

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

The value AE 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 AE 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 A poorly depend on an oscillation frequency [9] . Then, according to the formula (3) value of
coefficient b 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-lincar dissipative forces have negligible influence on natural
frequencies and forms of oscillations [8,9].

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

aj+cq=Q “)

where a,c¢ — are square matrixes of inertial and quasi-clastic coefficients; g — is the vector-matrix
(column) of the generalized coordinates; @ — is the vector matrix of non-conservative forces.

In the vector of generalized forces dissipative component R(gq, ), we present as

R=-bgq

where b —is the square matrix of equivalent dissipative coefficients; q —is the vector of generalized
velocities.

The task is to find value of dissipative coefficients bj,, the determination of which would base on the

available information about the dissipation coefficients (or logarithmic decrements) of the individual
clastic 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 ®p, which
characterizes the intensity of the change in the total energy of the system E.
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However, for frequency-independent dissipation the coefficients bj,,, 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 8,,7 = 1, H

H
:::E:ﬁ%rer
r=1

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

Then the system of differential equations (4) can be written as follows
aé+co=Q" (3)

where a* = BTap ,¢* = BTcp - are the diagonal matrixes of inertial and quasi-elastic coefficients after
the transition to the normal coordinates; g, @* - are the vector-matrixes of the normal coordinates and non-
conservative generalized forces; f — 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 R, = —b;:0,.. Then

a6, + b0, + c:0, = E(b),

H
B :::E: le%r
=1

Dissipation coefficient i, corresponding to r mode, is determined as

#’ 1#& ]ﬁ%r/E: 1ﬁ%r

Hence with (3) r — dissipative coefficient is determined by formula

where

wgfr
, vy =1,H,
2k,

by = (6)

where

k., = /Cr /ar ,7v =1,H , - r - natural frequencies of the system.

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 w = 80 rad/c.

ClBl C2B2

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

J1=05kg-m?],=10kg-m?J; =5kg-m?], = 0.6 kg -m?,
stiffness coefficients
¢, =0.16-10*N-m/rad,c, = 3.5 10°N -m/rad,c; = 3.5- 10°N - m/rad
Let’s take as the assumed initial values of the dissipation coefficients
by =50N-m-c/rad,b, =60N -m-c/rad,b; = 60N -m-c/rad. )]
Determine the natural frequencies of the system (figure 6).

Natural Frequencies and Modes\Natural Frequencies

Eigenvalues
No. Value f [Hz] f [Hz] D [-] Time Constant [s]
(undamped) (damped)
fl -0.35855+10.118 i 1.6113 1.6103 0.035414 2.789
f2 -1.0132+310.26 i 49.38 49.379 0.0032658 0.98694
f3 -5.5907+£813.69 i 129.51 129.5 0.0068706 0.17887
Figure 6 — The natural frequencies of the system
Take the values of dissipation coefficients from work [9], Y1 = ¥, = 3 = 0.5.
Determine revised values of the dissipation coefficients by formula (6),
by =237N-m-c/rad. ,b, =557 N-m-c/rad, b; = 214N -m-c/rad. ¥

Revised values of dissipation coefficients (8) substantially differ from the initial values (7).
Figure 7 shows oscillation charts of the 4™ disk (of the crank press actuator) (figure 7a) with the
initial and revised values of the dissipation coefficients (figure 7b).
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Figure 7 — Oscillation of the 4™ disk (of the crank press actuator): a) with initial and 6) revised data of dissipation coefticients

From the graphic charts figure 7 a, 6 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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A. K, Tyaemos, A, A, JI:KoMapTOB
O. A. IxonnacOCKOB aThIHIAFEl MCXAHUKA JKOHC MAIMHHATAHY HHCTHTYTHI, AnMaTsl, Kazakcran
KOCHIHAI BACHHAKTBIH AMCCUTTAIIUAJIBIK ITIAPAMETPJIEPIH AHBIKTAY

AnHotammst. JKympICTa KOCHHAIK Oacmak TYHiHIHIH AUCCHIATTHIK KO3((HUICHTTEPIHIH aHBIKTAIYBI Kapac-
THIPBUIAABL. BacTakThiH KOCHHII-CBIPFAKTBI MEXaHHM3MI 9pTypii Oemmekrepxai Kambmraiinel. Ochkl ke3me Oacmak
KOCBLIBICTAPBIHA JKOHS TYHIHACPIHAC MIAMAJIbl THHAMHKAJIBIK KYII Haiaa 0omaasl. Kocuinai 0aCIaKThIH CPEKINCTiri
IUKTI COKKBUIBI KYHIKE OatimanbicTel. KochiHal OacmakThlH AMHAMHKAIBIK 3EPTTEIyl Ka3ipri yaKeITTa MaHBI3IbI
Mocene Oomsm OThIp. KocHiHai OaCHakThIH AWHAMHKAJIBIK VATICI KONTCTCH CPKIHAIK mopekenepi Oap TepOeric
JKyHeci cuaKThI Oombi keneai. Kocuinai 6acmakThbiH AMHAMHKAJIBIK YITICI CEPIIMIi-TUCCHIIATHBTI 3JIEMEHTTCPMEH
JKAIIFAHFAH INOFBIPJIAHFAH MaccanapaaH Typaabl. Kocwinmi 0acmakThiH JHHAMHKAIBIK VITICI €CENTey YIIIH KETEK
OimiriHiH skeke OemikTepiHiH auccumanus Ko3(D(UIHEHTTEPiH aHBIKTAy Kepek. Jlumccumamusa ko3(QuuueHTTEpiH
AHBIKTAY YJIKEH KUBIHABIK TYFbr3agsl. CepmiMai kyiie TepOemiCiHAC MamMHA TYHIHACPIHAE SHEPTHS INAIIBIPAYBI
JKOHE MEXAHWMKAJBIK JSHCPTHSIHBIH JKbUIy JHCPIWACHIHA aWHAIyBl Oomambl. MeXaHWKANBIK SHEPTHIHBIH >KOFAIYBI
CCPIIMCI3 KGACPTi KYIITSPAiH 9CCPiHCH OO0AabI, OJIAap AUCCHIATHBTI KYIOTEP AcH aTtanaiasl. Pe3oHaHCTHI TepOemicTep
AMIUTHTYJACH], ABTOTCPOLTICTEP JKOHC MAPAMCTPHKANBIK TCPOSTiCTEpai KO3ABIPY >KAFmaibel auccumarus ko3hdu-
IUcHTEpiHe OalnaHbICTI O0manbl. Juccumanyst KO3pQUIUCHTTEPIHIH AHBIKTAIY bl — )KYHCHIH JKEKE CEPIIMAL JUCCH-
TMATHBTI 3JICMCHTTCPIHIH MAMBIPAy KO(D(OUIHCHTTEPI Typaisl KO >KCTIMAI aKkmapaTrrapra merizaenarcH. Kocwiami
0acTaKThIH AUCCHTANUSA KO3()()HMIIMCHTTCPIH aHBIKTAy OOMBIHINA MBICAN KenripinreH. KocwiHai OacmakThIH THHA-
MHEKAIBIK yirici SimulationX OarmapaaManblk KCMICHIHAC KypbUIOBL AJBIHFAH HOTWXKCICPACH AUCCHOAIMA KO3()-
(uumeHTTepl HAKTBIIAHFAHHAH KCHiH, KOCHIHII OACHAKTHIH »KCTCK OUTTiHIH TepOemic AMHAMHMKACHI TyOereilmi
©3TepETIHIH KopyTe O0IaIbL.

Tyiiin ce3aep: TMHAMHKA, KOCHIHI 0ACTIaK, KATAHABIK, THCCHITALMA, IMAMAbIpay, Tepoemic, SimulationX

A. K. Tyaemogs, A, A, JI:KOMapTOB
HHCTHTYT MCXaHUKH HMAMWHOBESACHUT UM. Y. A. JhxoamacOekoBa, Aamarer, Kazaxcran
ONNPEAEJEHHUE JUCCHITATUBHBIX MAPAMETPOB KPUBOIIHUITHOI'O MIPECCA

Annoramus. B pabote paccmarpuBaeTcs ompenciacHue KO(P(PHIHCHTOB AUCCUNIANH Y3JI0B KPHBOLIHITHOTO
mpecca. KpHBOIIMITHO-MOM3YHHBIA MEXAHHU3M IPECCA BBIMONHACT INTAMIOBKH pas3iM4HbIX AcTtancil. Ilpm 3ToM
BO3HHKAIO 3HAYUTCIbHBIC THHAMHUYCCKHE HATPY3KU B Y3IaX U COCIUHEHIIX Tpecca. OCOOEHHOCTHIO Pab0ThI KPHBO-
IIHUITHOTO MPECCA CBA3AHBI C YAAPHBIMA MUKIHICCKUMHA HATPY3KAMH. Z[I/IHaMI/I‘{eCKOG HCCICAOBAHUC KPHUBOIIHUITHBIX
MPECCOB, B HACTOSIICE BPEMs, SABIACTCA AKTYaNbHOMH 3amaucii. JJuHaMHUCCcKas MOICITb KPHBOIIHITHOTO MPecca mpe-
CTaBJACTCS, KaK KoJebaTeIpHAsA CHCTEMA CO MHOTHMH CTEIICHAMH CBOOOIBL. JJMHAMHYESCKAS MOJCTD KPHBOIIUITHOTO
mpecca COCTOMT M3 COCPEIOTOUCHHBIX MACC, COSAWHCHHBIX YIPYTO-IHCCHIIATHBHBIMHA 31eMeHTaMu. JIad pacuera
JUHAMHYCCKOH MOJCTH KPHBOMIMITHOTO MPEcca, TPEOYETCS ompeAcIcHue K03(Q(OHUIMCHTOB TUCCHTIANHE OTACTBHBIX
YYACTKOB MPHBOIHOTO Bayia. OmnpeaciacHue KO3(PPUIHCHTOB JUCCHTIAMH MPCACTABIHICT OOJBINYIO CI0KHOCTD. [IpH
KoeOaHuIx yYOpyrux CHCTEM MNMPOHCXOOUT PACCCAHHUC JHCPIHU B y371aX MAIIWH W MPOUCXOOHUT MEPEX0D MEXa-
HHUYECKOH SHEPIHH B TEIUIOBYHO. I10TEPH MEXaHUMECKOM SHEPTHHU BBI3BIBAKOTCA CHIIAMH HEYIIPYTOrO CONMPOTHBIICHHUH,
HA3BIBACMBIMH JUCCHIATHBHBIMHU CHIIAMH. Ot KOC-)(I)(I)I/II.[I/IGHTOB JUCCHUITAITAA 3aBHUCAT AMIUIHTY OBl PE30HAHCHBIX
KOJIcOaHHH, YCIOBH BO30YKICHUSA MApAMCTPHUCCKUX KOJICOaHUH 1 aBTOKOacOanmit. OnpeacncHIe JUCCHIATHBHBIX
K03 puUIHEEeHTOB 0a3UPyCTCH HA AOCTYMHOH WH(pOpMAIHH O KO3()PHIHCHTAX PACCETHUA OTACIBHBIX YIPYTOIUCCH-
TIATHBHBIX 3JIEMCHTOB CUCTEMBL [IpuBeIcH MpHMep MO ONPEACICHUIO KO3 (HINCHTOB AUCCHITAIMN KPHBOIIHITHOTO
mpecca. JluHaMAdeckas MOJCTh KPHBOIIMITHOTO MPecca OBIIA COCTABICHA HA MPOTPAMMHOM KOMILICKCE Simula-
tionX. [TosydeHHBIC PE3YIBTATHI IOKA3BIBAIOT, YTO AWHAMHUKA KOJCOAHUH IIPHUBOTHOTO Bala KPUBOIIHITHOTO IIpecca
CYIICCTBEHHO M3MCHSCTCS MOCIC YTOUHCHHS KO3(PPUIUCHTOB THCCHTIALIHH.

KmodeBnie ¢JI0BA: THHAMHKA, KPHBOIIHITHBIN MPECC, KCCTKOCTh, AUCCHIALMS, PACCCAHHUC, KOAcOaHna, Simu-
lationX.
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