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INVESTIGATION OF DYNAMICS OF A SYSTEM WITH TWO SIDED IMPACTS

| 1|
B enemenTax MaHIIyIsATOpIB Ta pOOOTIB MAIOTh MICIIe pi3HI BUIM yJapHUX B3aeMOJii. Y TOMY YHCII 9acTo

CIIOCTEPIraroThesl IBOCTOPOHHI yaapH. [y iXHBOTO MOCHIIKEHHS MPOIOHYETHCS CIelliajibHa YHCENbHA MPOLEexypa.
Ilomano umcenbHi pe3yNpTaTH A THUIOBHX IMapaMeTpiB IOCTIHKYBAaHOI CHCTEMH 3 OIJHHM CTYIIEHEM CBOOOMM.
IIpencraBneni Ta B3aEMHO MOPIBHAHI pe3ynbTaTu 0€3 3aCTOCYBAaHHS Li€l MPOLETYPH Ta 3 HEIO.

Bynu oTpumani pe3ynbTaTi pi3HHX 3HaueHb KoedilienTa B's13k0oro AemryBaHHs 1 KoedilieHTa BiIHOBICHHS.
Bonn npeacraBneni TppOX THIIOBHX HaOoOpiB mux mapaMeTpiB. [lepmmii Habip THIIOBUX 3HAYEHB MAPAMETPIB OMUCYE
PYX JOCTIIPKYBaHOI CHCTEMH 13 TBOCTOPOHHIMH yJapaMH, IO BiANOBIZAIOTh Haro/i KOHCEpBaTHBHUX ynapis. [pyruii
Ha0lip TUMIOBUX 3HAYCHB ITAPAMETPIB OMUCYE PYX MOCITIHKYBAHOT CHCTEMH 3 IBOCTOPOHHIMHE yIapaMH, 10 BiIIOBITal0Th
BUITA/IKy KOHCEPBAaTHBHHUX MDKYAApHUX pyXiB. TpeTiii Habip THIIOBUX 3HAYEHb APAMETPIB OIHCYE PYX TOCIIIKYBaHOT
CHCTEMH 3 IBOCTOPOHHIMH yJapaMH, 10 BiJIIIOBIJAOTh BUIIAJKYy OBHICTIO JUCHIIATUBHOI AUHAMIKH.

ITomano TuMyacoBy miarpamy 3cyBY, TAMYACOBY AiarpamMy OIBHIKOCTI Ta AWHAMIKY CUCTEMH IIPH IBOCTOPOHHIX
yaapax y ¢asoBiii minomuHi. OTpumani rpadidHi ySBICHHS MOKAa3yIOTh IEPEBard BAOCKOHAJICHOTO PO3PaxXyHKY
YAapHUX B3aEMOIiH.

PesynpTaté 3acTOCOBYIOTBCS TPH MPOEKTYBaHHI €JIEMEHTIB MAaHIMyJSATOPiB Ta POOOTIB 3 JBOCTOPOHHIMH
yaapamu.

KnrouoBi cioBa: HenmiHIHHICTE yJapHOTO THIy, FApMOHIYHE MOPYIICHHs, ABOCTOPOHI yAapH, HeNiHilHi
HepexiHi mporecH, rpadidHi 300pakeHHsI.

INTRODUCTION

In the elements of manipulators and robots, various types of impact interactions take place.

Among the most typical impact interactions two sided impacts are often observed. For their investigation
a special numerical procedure is proposed.

Numerical results for typical parameters of the investigated system having one degree of freedom are
presented. Results without application of this procedure and with it are presented and mutually compared.

Dynamics of essentially nonlinear system is investigated in [1]. Impact motions are analyzed in [2].
Theoretical basis of vibrating systems with impacts is described in [3]. Vibrations and impacts in transmissions
are presented in [4]. Systems with impacts are investigated in [5]. Applications in the field of manipulators
and robots are presented in [6]. Industrial robots are investigated in [7]. New types of mechanisms are presented
in [8]. Essentially nonlinear problems of dynamics are analyzed in [9]. Robot with impact interactions is
described in [10].

First the model of the system having one degree of freedom with two sided impacts is described. Then
the procedure for calculation of impact interactions is presented. Graphical results for typical parameters of
the system without application of this procedure and with application of it are compared.

MODEL OF THE SYSTEM WITH TWO SIDED IMPACTS

The investigated system having one degree of freedom with two sided impacts is described by the
differential equation:

X+2hx+x= f sinwt, (1)
where x is the displacement of the system, h is the coefficient of viscous damping, f is the amplitude of
harmonic excitation, w is the frequency of harmonic excitation, t is the time, and the upper dot denotes
differentiation with respect to it.

If the following conditions are satisfied:

x<a, 2
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where a denotes the lower limiting value at which impacts take place, and

X <0, (3)
then it is assumed that:
x—a (4)
and
X" =—Rx", 5)

where R denotes the coefficient of restitution, the superscript minus denotes the value of velocity before the
impact and the superscript plus denotes the value of velocity after the impact.
If the following conditions are satisfied:

X>b, (6)
where b denotes the upper limiting value at which impacts take place, and
x>0, (7
then it is assumed that:
x=Db 8
and
X" =—RX. 9)

IMPROVED DETERMINATION OF IMPACT INTERACTIONS IN THE SYSTEM WITH
TWO SIDED IMPACTS

The following notation is introduced: T is the time step, the subscript 0 denotes the value at the initial
moment of a time step and the subscript T denotes the value at the final moment of a time step.

If the following condition is satisfied:

X <a, (10)

then the reduced time step is calculated in the following way:

a—X
T=T—, 11
X %, (11)
and it is assumed that:
XTr = a’ (12)
; , SN
X, =%+ (% = %) (13)
PN
%, =%+ (% =% ) (14)
If the following condition is satisfied:
X >b, (15)
then the reduced time step is calculated in the following way:
T oTR=X (16)
' X =% ,
and it is assumed that:
X =D, (17)
. , SN
X, =%+ (k=% ) (18)
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N 2V
X, :XO+(XT_XO)?' (19)

INVESTIGATION OF BEHAVIOUR OF THE SYSTEM WITH TWO SIDED IMPACTS
Typical parameters of the investigated system with two sided impacts were assumed:

w=1f =1 a=-0.8 b=038. (20)
Calculations from zero initial conditions are performed:
x(0)=0, %(0)=0. (21)
Results for the following time step are presented:
2z
__@ (22)
100

Results for various values of coefficient of viscous damping and of coefficient of restitution were
obtained. Further they are presented for three typical sets of those parameters.

INVESTIGATION OF THE SYSTEM WITH TWO SIDED IMPACTS FOR THE TYPICAL
VALUES OF PARAMETERS h=0.5 R=1

Those typical values of parameters describe the motion of the investigated system with two sided
impacts corresponding to the case of conservative impacts.

Results of graphical investigations of dynamics of the system with two sided impacts without improved
calculation of impact interactions are shown in Fig. 1.

In Fig. 1, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

Results of graphical investigations of dynamics of the system with two sided impacts with improved
calculation of impact interactions are shown in Fig. 2.

In Fig. 2, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

It can be observed that the improved calculation of impact interactions has advantages, which are clearly
seen in the comparison of representations a) and c) from both previous figures.
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Figure 1. Dynamics of the system with two sided impacts without application of the improved calculation of
impact interactions
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Figure 2. Dynamics of the system with two sided impacts with application of the improved calculation of
impact interactions
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INVESTIGATION OF THE SYSTEM WITH TWO SIDED IMPACTS FOR THE TYPICAL
VALUES OF PARAMETERS h=0, R=0.5

Those typical values of parameters describe the motion of the investigated system with two sided
impacts corresponding to the case of conservative inter impact motions.

Results of graphical investigations of dynamics of the system with two sided impacts without improved
calculation of impact interactions are shown in Fig. 3.

In Fig. 3, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

Results of graphical investigations of dynamics of the system with two sided impacts with improved
calculation of impact interactions are shown in Fig. 4.

In Fig. 4, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

It can be observed that the improved calculation of impact interactions has advantages, which are clearly
seen in the comparison of representations a) and c) from both previous figures.
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c¢) Dynamics in the phase plane
Figure 3. Dynamics of the system with two sided impacts without application of the improved calculation of

impact interactions
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Figure 4. Dynamics of the system with two sided impacts with application of the improved calculation of
impact interactions
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INVESTIGATION OF THE SYSTEM WITH TWO SIDED IMPACTS FOR THE TYPICAL
VALUES OF PARAMETERS h=0.5 R=0.5

Those typical values of parameters describe the motion of the investigated system with two sided
impacts corresponding to the case of fully dissipative dynamics.

Results of graphical investigations of dynamics of the system with two sided impacts without improved
calculation of impact interactions are shown in Fig. 5.

In Fig. 5, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.

Results of graphical investigations of dynamics of the system with two sided impacts with improved
calculation of impact interactions are shown in Fig. 6.

In Fig. 6, time history of displacement, time history of velocity and dynamics of the system with two
sided impacts in the phase plane are shown.
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Figure 5. Dynamics of the system with two sided impacts without application of the improved calculation of
impact interactions
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Figure 6. Dynamics of the system with two sided impacts with application of the improved calculation of
impact interactions
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It can be observed that the improved calculation of impact interactions has advantages, which are clearly
seen in the comparison of representations a) and c) from both previous figures.

The obtained graphical representations show the advantages of the improved calculation of impact
interactions.

CONCLUSIONS

In the elements of manipulators and robots, various types of impact interactions take place, among the
most typical impact interactions two sided impacts are often observed.

First the model of the system having one degree of freedom with two sided impacts is described. Then
the procedure for calculation of impact interactions is presented. Graphical results for typical parameters of
the system without application of this procedure and with application of it are compared.

Results for various values of coefficient of viscous damping and of coefficient of restitution were
obtained. They are presented for three typical sets of those parameters. The first set of typical values of
parameters describe the motion of the investigated system with two sided impacts corresponding to the case
of conservative impacts. The second set of typical values of parameters describe the motion of the investigated
system with two sided impacts corresponding to the case of conservative inter impact motions. The third set
of typical values of parameters describe the motion of the investigated system with two sided impacts
corresponding to the case of fully dissipative dynamics.

Time history of displacement, time history of velocity and dynamics of the system with two sided
impacts in the phase plane are represented. The obtained graphical representations show the advantages of the
improved calculation of impact interactions.

The results are applied in the design of elements of manipulators and robots with two sided impacts.
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of dynamics of a system with two sided impacts.

In the elements of manipulators and robots, various types of impact interactions take place. Among them
two sided impacts are often observed. For their investigation a special numerical procedure is proposed.
Numerical results for typical parameters of the investigated system having one degree of freedom are
presented. Results without application of this procedure and with it are presented and mutually compared.

Results for various values of coefficient of viscous damping and of coefficient of restitution were
obtained. They are presented for three typical sets of those parameters. The first set of typical values of
parameters describe the motion of the investigated system with two sided impacts corresponding to the case
of conservative impacts. The second set of typical values of parameters describe the motion of the investigated
system with two sided impacts corresponding to the case of conservative inter impact motions. The third set
of typical values of parameters describe the motion of the investigated system with two sided impacts
corresponding to the case of fully dissipative dynamics.

Time history of displacement, time history of velocity and dynamics of the system with two sided
impacts in the phase plane are represented. The obtained graphical representations show the advantages of the
improved calculation of impact interactions.

The results are applied in the design of elements of manipulators and robots with two sided impacts.

Keywords: nonlinearity of impact type, harmonic excitation, two sided impacts, nonlinear transient
processes, graphical representations.
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