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Abstract. Impact interactions take place in the process of dynamic behavior in the elements of
manipulators and robots. Their precise investigation is an important engineering problem. A
model having one degree of freedom with forced excitation and impacts is investigated. A special
procedure for more precise calculation of impacts is proposed. Numerical results for various
parameters of the investigated system are presented. The advantage of the application of the
proposed procedure for more precise calculations of dynamics of this system is indicated.
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1. Introduction

Impact interactions take place in the process of dynamic behavior in the elements of
manipulators and robots. Their precise investigation is an important engineering problem.

A model having one degree of freedom with forced excitation and impacts is investigated. A
special procedure for more precise calculation of impacts is proposed. Numerical results for
various parameters of the investigated system are presented. The advantage of the application of
the proposed procedure for more precise calculations of dynamics of this system is indicated.

Basic investigations of vibrations of vibro impact systems are presented in [1]. Vibrations of
transmissions and nonlinear effects in them are investigated in [2]. Dynamics of vibromotors and
their applications are described in [3]. This paper is based on the results of those three fundamental
references.

Nonlinear systems as well as resonances in them are investigated in [4]. Systems with various
types of excitations and impacts are analysed in [5]. Nonlinear dynamical systems and their
stabilisation are described in [6]. Impacts and dynamics of vibrating systems are analysed in [7].
Mechanical systems and their periodic orbits are investigated in [8]. Nonlinear qualities of
vibro-impact energy sink are described in [9]. Interaction of particle and a wall is analysed in [10].
Multibody dynamical system and its frequencies are investigated in [11]. Dynamics of a pendulum
in a mechanism is analysed in [12]. Dynamical system with piecewise linearity is investigated in
[13]. Vibrating system and its resonant zones are analysed in [14]. Dynamical system with
Sommerfeld effect is investigated in [15]. Dynamical system with isolated resonances is analysed
in [16].

In this paper the model of the investigated system is described and then the proposed procedure
for more precise calculations of impacts is presented. Results for various parameters of the
investigated system without application of the proposed procedure and with it are presented.
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2. Model of the vibro impact system with forced excitation
The investigated vibro impact system is described by the following equation:
¥ + 2hx + p?x = —fsinwt, €))

where x denotes the displacement of the investigated system, h is the coefficient of viscous
damping of the investigated system, p is the eigenfrequency of the undamped system, f is the
amplitude of the exciting force, w is the frequency of the exciting force, t is the time variable and
the upper dot denotes differentiation with respect to the time.

When the following conditions are satisfied:

x>0, 2
and
x>0, €)]

then it is assumed that:

x =0, “4)
and
xt = —Rx~, (5)

where R is the coefficient of restitution and the superscript minus indicates the value before the
impact, while the superscript plus indicates the value after the impact.

3. Procedure for improved calculation of impacts in the investigated system

Further T denotes the time step, the subscript 0 indicates the value at the beginning of a time
step and the subscript T indicates the value at the end of a time step.
When the following condition is satisfied:

xp >0, (6)
then the reduced time step is defined as:

T, = Tﬂ_ (7)
Xt — Xo

Then it is assumed that:

xr. =0, (8)

) . . A\ Ir

X, =X+ (X — %) T ©
T,

Xr, = X + (¥r — Xo) ?T (10)

4. Results of investigations of dynamics of the vibro impact system with forced excitation

The following values of the parameters of the vibro impact system with forced excitation were
assumed in the presented investigation:
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w=1 f=1 p=1 (11)
Zero initial conditions were assumed, that is:
x(0) =0, x(0)=0. (12)

The following time step was used:

T=_@_ (13)

Investigations were performed for three sets of parameters of coefficient of viscous damping
and coefficient of restitution: 1) conservative impacts, 2) conservative inter impact motions, 3)
fully dissipative behaviour.

4.1. Results of investigation of dynamics of the vibro impact system with forced excitation
for the case of conservative impacts

The following values of the parameters of the vibro impact system with forced excitation were
assumed in the presented investigation:

h=05 R=1. (14)

Graphical results of investigation of dynamics of the vibro impact system with forced
excitation without application of the procedure for improved calculation of impacts are presented
in Fig. 1.
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¢) Representation in the phase plane: velocity as function of displacement
Fig. 1. Dynamics of the vibro impact system with forced excitation
without application of the procedure for improved calculation of impacts
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In Fig. 1 displacement as function of time, velocity as function of time and representation of
dynamics of the investigated system in the phase plane are presented.

Graphical results of investigation of dynamics of the vibro impact system with forced
excitation with application of the procedure for improved calculation of impacts are presented in
Fig. 2.
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¢) Representation in the phase plane: velocity as function of displacement
Fig. 2. Dynamics of the vibro impact system with forced excitation
with application of the procedure for improved calculation of impacts

In Fig. 2 displacement as function of time, velocity as function of time and representation of
dynamics of the investigated system in the phase plane are presented.

From the comparison of graphical results presented in Fig. 1 and Fig. 2 it is seen that the
procedure of improved calculation of impacts has advantages especially evident in the suppression
of small positive values of displacements seen in the process of mutual comparison of drawings
a) and c) from those figures.

4.2. Results of investigation of dynamics of the vibro impact system with forced excitation
for the case of conservative inter impact motions

The following values of the parameters of the vibro impact system with forced excitation were
assumed in the presented investigation:

h=0, R=0S5. (15)

Graphical results of investigation of dynamics of the vibro impact system with forced
excitation without application of the procedure for improved calculation of impacts are presented
in Fig. 3.

In Fig. 3 displacement as function of time, velocity as function of time and representation of
dynamics of the investigated system in the phase plane are presented.
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Fig. 3. Dynamics of the vibro impact system with forced excitation

without application of the procedure for improved calculation of impacts
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Fig. 4. Dynamics of the vibro impact system with forced excitation
with application of the procedure for improved calculation of impacts
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Graphical results of investigation of dynamics of the vibro impact system with forced
excitation with application of the procedure for improved calculation of impacts are presented in
Fig. 4.

In Fig. 4 displacement as function of time, velocity as function of time and representation of
dynamics of the investigated system in the phase plane are presented.

From the comparison of graphical results presented in Fig. 3 and Fig. 4 it is seen that the
procedure of improved calculation of impacts has advantages especially evident in the suppression
of small positive values of displacements seen in the process of mutual comparison of drawings
a) and c) from those figures.

4.3. Results of investigation of dynamics of the vibro impact system with forced excitation
for the case of fully dissipative behaviour

The following values of the parameters of the vibro impact system with forced excitation were
assumed in the presented investigation:

h=05 R=05. (16)

Graphical results of investigation of dynamics of the vibro impact system with forced
excitation without application of the procedure for improved calculation of impacts are presented
in Fig. 5.
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¢) Representation in the phase plane: velocity as function of displacement
Fig. 5. Dynamics of the vibro impact system with forced excitation
without application of the procedure for improved calculation of impacts

In Fig. 5 displacement as function of time, velocity as function of time and representation of
dynamics of the investigated system in the phase plane are presented.

Graphical results of investigation of dynamics of the vibro impact system with forced
excitation with application of the procedure for improved calculation of impacts are presented in
Fig. 6.
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Fig. 6. Dynamics of the vibro impact system with forced excitation
with application of the procedure for improved calculation of impacts

In Fig. 6 displacement as function of time, velocity as function of time and representation of
dynamics of the investigated system in the phase plane are presented.

From the comparison of graphical results presented in Fig. 5 and Fig. 6 it is seen that the
procedure of improved calculation of impacts has advantages especially evident in the suppression
of small positive values of displacements seen in the process of mutual comparison of drawings
a) and c) from those figures.

From the presented graphical results advantages of the proposed procedure for calculation of
impact motions are seen.

5. Conclusions

The model of the investigated system is described and then the proposed procedure for more
precise calculations of impacts is presented. Results for various parameters of the investigated
system without application of the proposed procedure and with it are presented.

Investigations were performed for three sets of parameters of coefficient of viscous damping
and coefficient of restitution: conservative impacts, conservative inter impact motions, fully
dissipative behaviour. Displacement as function of time, velocity as function of time and
representation of dynamics of the investigated system in the phase plane are investigated.

The advantage of the application of the proposed procedure for more precise calculations of
dynamics of this vibro impact system with forced excitation is indicated and it is seen from
comparisons of some of the graphical results presented which were obtained without application
of the proposed procedure and with it. From the comparison of graphical results it is seen that the
procedure of improved calculation of impacts has advantages especially evident in the suppression
of small positive values of displacements seen in the process of mutual comparison of drawings
obtained without application of the proposed procedure and with application of this procedure.
From the presented graphical results advantages of the proposed procedure for calculation of

60 MATHEMATICAL MODELS IN ENGINEERING. SEPTEMBER 2021, VOLUME 7, ISSUE 3



INVESTIGATION OF IMPACT MOTIONS IN ELEMENTS OF MANIPULATORS AND ROBOTS.
K. RAGULSKIS, B. SPRUOGIS, A. MATULIAUSKAS, V. MISTINAS, L. RAGULSKIS

impact motions are seen.
The obtained results are used in the process of design of elements of manipulators and robots
in which impact interactions take place.
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