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INVESTIGATION OF TWO-SIDED SOFT IMPACTS

In various engineering devices used in robotics, transport and agricultural engineering two-sided impacts take
place. In this paper two-sided soft impacts are investigated.

Model of the investigated vibrating system with two-sided soft impacts is described in detail. Dynamics of the
investigated system with two-sided soft impacts takes place according to the three typical regimes of motion: vibrating
system is not connected with the supports, vibrating system is connected with the first support, vibrating system is
connected with the second support.

Results of numerical investigations are presented in the form of graphical relationships.

Variation of displacement of the vibrating system, variation of velocity of the vibrating system, variation of
displacement of the left support, variation of displacement of the right support, variation of the value of the force and
variation of the quantity characterizing the regime of motion of the vibrating system as functions of time are
investigated.

Investigation of steady state regimes of motion for various stiffnesses of the supports is performed. Results for
several typical values of stiffnesses of the supports are presented in the paper. The obtained graphical representations
enable to understand the behavior of the investigated vibrating system with two-sided soft impacts in steady state
regimes of motion for various stiffnesses of the supports.

The obtained results of the performed investigation are applied in the process of design of pipe robots and
other engineering devices.

Keywords: two-sided impacts, soft impacts, harmonic excitation, nonlinear dynamics, left support, right
support.

INTRODUCTION

In various engineering devices two-sided impacts take place.

In this paper two-sided soft impacts are investigated. Model of the system is described in detail.
Results of numerical investigations are presented in the form of graphical relationships.

Variation of displacement of the vibrating system, variation of velocity of the vibrating system,
variation of displacement of the left support, variation of displacement of the right support, variation of the
value of the force and variation of the quantity characterizing the regime of motion of the vibrating system as
functions of time are investigated.

The obtained results of the performed investigation are applied in the process of design of pipe robots
and other engineering devices.

Ideal impacts are investigated in [1]. Special type of nonlinearity is analyzed in [2]. Impact dynamics
is investigated in [3]. Theory of systems with impacts is presented in [4]. Impacts in transmissions are
investigated in [5]. Vibrations with impacts are analyzed in [6]. Manipulators and robots are investigated in
[7]. Dynamics of robots is analyzed in [8]. Dynamics of mechanisms is investigated in [9]. Nonlinear
dynamics is presented in [10]. Impact interactions are investigated in [11].

First model of the system with two-sided soft impacts is presented. Then results of numerical
investigations are presented in the form of graphical relationships.

MODEL OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS

Schematic representation of the investigated system with two-sided soft impacts is presented in Fig. 1.

Dynamics of the investigated system with two-sided soft impacts takes place according to the three
typical regimes of motion: vibrating system is not connected with the supports, vibrating system is connected
with the first support, vibrating system is connected with the second support.
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Figure 1. Vibrating system with two-sided soft impacts: the vibrating mass m is attached to the immovable
support by the spring with the coefficient of stiffness C and the damper with the coefficient of viscous
damping H, the impacting surfaces are attached to the immovable supports by the springs with the
coefficients of stiffness C, and the dampers with the coefficients of viscous damping Hy

DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS WHEN VIBRATING
SYSTEM ISNOT CONNECTED WITH THE SUPPORTS
Dynamics of the vibrating system is described by the equation:
X+hx+cx = fsinat, (1)
where X is the displacement, h is the coefficient of viscous damping, ¢ is the coefficient of stiffness, f is the
amplitude of excitation, w is the frequency of excitation, t is the time variable, and the upper dot denotes

differentiation with respect to it.
Dynamics of the left support is described by the equation:

ho).(1+coxl =Ga, (2)

where X, is the displacement of the left support, hy is the coefficient of viscous damping of the supports, ¢, is
the coefficient of stiffness of the supports, a is the position of the left support in the status of equilibrium.
Dynamics of the right support is described by the equation:

ho)-(z TG X, = Cob' (3)
where X, is the displacement of the right support, b is the position of the right support in the status of

equilibrium.
This regime of motion takes place until the following condition is satisfied:

X=X, 4)
or until the following condition is satisfied:
X=X,. (5)

DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS WHEN VIBRATING
SYSTEM IS CONNECTED WITH THE LEFT SUPPORT
Dynamics of the vibrating system is described by the equation:

X+ (h+h))x+(c+c,)x= fsinawt+ca. (6)
Dynamics of the right support is described by the equation:

hoxz +CoX, =Cob' (7)
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Also, the following force is calculated:
P =h,X +C,x —c,a. (8)
This regime of motion takes place until the following condition is satisfied:
P=0. 9)
DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS WHEN VIBRATING

SYSTEM IS CONNECTED WITH THE RIGHT SUPPORT
Dynamics of the vibrating system is described by the equation:

X+ (h+h))x+(c+c,)x= fsinawt+cb. (10)
Dynamics of the left support is described by the equation:
h,X +C,X =C,a (11)
Also, the following force is calculated:
P =hyX, +C,x, —C,b. (12)
This regime of motion takes place until the following condition is satisfied:
P=0. (13)

INVESTIGATION OF DYNAMICS OF THE SYSTEM WITH TWO-SIDED SOFT IMPACTS
The following initial conditions are assumed in the performed investigation:

x(0)=0, x(0)=0, x,(0)=a, x,(0)=h. (14)
The following parameters of the investigated system were assumed:
0=02,f=1h=01 c=1 h, =04, ¢c,=16, a=-0.4, b=0.4. (15)

Variation of displacement of the vibrating system is presented in Fig. 2. Variation of velocity of the
vibrating system is presented in Fig. 3. Variation of displacement of the left support is presented in Fig. 4.
Variation of displacement of the right support is presented in Fig. 5. Variation of the value of the force is
presented in Fig. 6. Also, the following quantity characterizing the regime of motion of the vibrating system
is introduced:

1, when the mass is not connected with the supports,
I =3 2, when the mass is connected with the left support, (16)
3, when the mass is connected with the right support.

Variation of this quantity is presented in Fig. 7.

The obtained graphical representations enable to understand the behavior of the investigated vibrating
system with two-sided soft impacts.

INVESTIGATION OF STEADY STATE REGIMES OF MOTION FOR VARIOUS
STIFFNESSES OF THE SUPPORTS

The following parameters of the investigated system were assumed:

=02 f=1h=0.1 c=1 h =04, a=—04, b=04, (17)
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Figure 2. Displacement of the vibrating system as
function of time
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Figure 4. Displacement of the left support as function
of time
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Figure 6. Force as function of time
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Figure 3. Velocity of the vibrating system as function
of time
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Figure 5. Displacement of the right support as
function of time
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Figure 7. Regime of motion of the vibrating system
as function of time

For the following values of the stiffness of the supports:

c, =16,
c, =8,
c, =4,
C, =2,
c, =1

o

(18)
(19)
(20)
(21)
(22)

results of investigation of steady state regime of motion are presented in Fig. 8, Fig. 9, Fig. 10, Fig. 11, Fig.

12.

The obtained graphical representations enable to understand the behavior of the investigated vibrating
system with two-sided soft impacts in steady state regimes of motion for various stiffnesses of the supports.
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Figure 8. Steady state regime of motion for ¢, =16
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Figure 9. Steady state regime of motion for ¢, =8
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Figure 10. Steady state regime of motion for ¢, =4
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Figure 11. Steady state regime of motion for ¢, =2
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Figure 12. Steady state regime of motion for ¢, =1

CONCLUSIONS

In a number of engineering devices two-sided impacts take place. Investigation of two-sided soft
impacts is performed in this paper. Model of the investigated vibrating system with two-sided soft impacts is
described in detail. Results of numerical investigations are presented in the form of graphical relationships.

Variation of displacement of the vibrating system, variation of velocity of the vibrating system,
variation of displacement of the left support, variation of displacement of the right support, variation of the
value of the force and variation of the quantity characterizing the regime of motion of the vibrating system as
functions of time are investigated.

The obtained graphical representations for various stiffnesses of the supports show the behavior of the
investigated vibrating system with two-sided soft impacts in steady state regimes of motion.

The presented graphical representations enable to understand the behavior of the investigated vibrating
system with two-sided soft impacts.

The obtained results are applied in the process of design of pipe robots and other engineering devices.
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VY pi3HUX TEXHIYHHX TMPHCTPOSX, IO BUKOPHCTOBYIOTHCS Y PpOOOTOTEXHIilli, TPaHCHOPTHIH Ta
CLTBCBKOTOCITO/IAPCHKIM TEXHIlll, MAalTh MICIle JBOCTOPOHHI ymapu. Y MmbOMYy pPOOOTI HOCHIIKYIOTHCS
JBOCTOPOHHI M'SIKi YAapH.

JeranpHO omucaHa MOAENb JOCHIPKYBaHOI KOJMBAIBHOI CHCTEMH 3 M'SIKUMH JBOCTOPOHHIMHU
ymapamu. JlmHaMika JAOCHIKYBaHOI CHCTEMH TIPH JBOCTOPOHHIX M'SKHX yAapaxX BiIOyBaeThbcs 3a TpPhOMa
THUIIOBHMH PEKUMaMH PyXy: KOJIHMBAIbHA CHCTEMa HE TOB'I3aHa 3 ONOPaMH, KOJIMBAJIbHA CHCTEMA TIOB'sI3aHa
3 MIEPIIOI0 ONOPOIO, KONHMBAIbHA CHCTEMA TTOB'sI3aHa 3 APYTOIO OIMTOPOIO.

PesynpraTi uncenbHUX TOCTiIKEHB IPeACTaBIeH] K rpadidHuX 3aIeKHOCTEH.

3MiHa TmepeMimeHHs KOJMBAIBHOI CHCTEMH, 3MiHa IIBUAKOCTI KOJHMBAaJIbHOI CHCTEMH, 3MiHA
MEPEeMIIIICHHS JIIBOT OMOpH, 3MiHA MEPEMIIICHHS MPABOi OMOPH, 3MiHA 3HAUEHHS CHJIM Ta 3MiHAa BEJIIMYUHH,
IO XapaKTEPU3y€e PEXKUM PyXy KOJIMBAILHOI CHCTEMH, TOCIIIKYIOThCS K (QYHKIIIT yacy.

[IpoBeneHO AOCHIIKEHHA PEXHUMIB PyXy, II0 BCTAHOBWIIMCS, NPH ONOpax Pi3HOI JKOPCTKOCTI. Y
po0OTi TpescTaBiieHl pe3yabTaTh sl KiIBKOX THUIOBUX 3HA4Y€Hb KOPCTKOCTI omop. OTpumani rpadidni
300pakeHHS JI03BOJISIIOTh 3PO3YMITH MOBEIIHKY JIOCTIKYBAaHOT KOJHMBaIBHOI CHCTEMH TIPU JBOCTOPOHHIX
M'SIKHX yJapax Ha peKUMax pyxy IPH ONOpax pi3HOI KOPCTKOCTI.

OTtpumaHi pe3yibTaTH HPOBEACHUX AOCIHIIKEHb 3aCTOCOBYIOTH IPH NMPOEKTYBAaHHI TPYyOONIPOBITHUX
POOOTIB Ta IHIIUX TEXHIYHUX MPUCTPOIB.

KurouoBi cioBa: 1BOCTOpPOHHIN yaap, M'IKHil yaap, rapMoOHiliHe 30y/KeHHs, HelliHIliHa TUHaMIKa,
JiBa O1opa, rmpasa oropa.
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