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Abstract: This paper provides static, modal and dynamic analysis of the assembly consisting of fixing clamp, inductive
sensor, two fixing bolts and frame applied on railway stock. All the necessary tests to perform this analysis are in
accordance with the standard EN 61373: 2010 or the Slovak standard STN EN 61373: 2011. In the next part, a simulation
of the tests required for the dynamic analysis of the modelled assembly is performed. For each analysis, von Misses stress
is evaluated and then compared to the yield strength of used material. Finally, this work provides a proposal for new
design solutions of the fixing clamp based on the obtained results. All analyses were performed in ANSYS Workbench
programme using finite element method.

1 Introduction 2 Railway application

The rising standard of living increasing demands on the The sensors (Figure 1) with their fixing clamp applied
creation of optimal product design regarding the amount @ rolling stock are subjected to a deterministic harmonic
time, money and material used. With the help of computisad during operation as the railway wagon moves on
software, we can combine knowledge from severamooth rails.
scientific disciplines, and thus create methods of solution
and analysis in order to create the most optimal design
solution [1]. Such solutions are particularly important in
the areas of dynamic stress, to which the components on
rolling stock are exposed as a result of their operation on
railways. The force effect of dynamic loading varies in
both magnitude and direction, and the nature of these
changes affects how reliably the component will operate
until the end of its expected life.

The aim of this paper was a dynamic analysis of the
clamp fixing the OsiSense XS inductive proximity sensor
from Telemecanique Sensors. This line of sensors provides
functional and easy-to-install sensors that help to create
much safer operation of the rolling stock.

Figure 1 Types of sensor used in railway applications

For this reason, these parts must be subjected to the
tests defined in standard EN 61373: 2011. This
International Standard specifies requirements for the
testing of components for use on railway vehicles that are
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subsequently exposed to vibration and shock due to tteewithstand, for a reasonable period, tests simulating the
operating environment of the railway.
To ensure that the quality of the element is acceptable,

it must withstand tests of a reasonably long time that

simulate conditions throughout its expected life.

The test simulations were performed according to the
procedures defined in the standard [2], specifically for two
categories that were required in advance for fixing clamp

analysis:

= Category 1, Class Bequipment mounted on the

body of the rolling stock,

= Category 2: equipment mounted on the bogie of a

rolling stock.

Table 1 Engineering data: Material properties

Furthermore, it was necessary to define the individual

excitation directions, namely

= Transverse direction:in the direction of the X axis.
= Longitudinal direction: in the direction of the

axis.

= Vertical direction:

The aim of the research was to perform numerical |
simulations of random vibration tests and shock tests of ¢ & ;i
fixing clamp made of 3 different materials.

The basic model of fixing clamp is made of structural

while 2 other materials were designed during
namely aluminium alloy 6061 (more
expensive, but lighter than steel) and plastic Acrylonitrile-
butadiene-styrene (cheaper and lighter than steel). Materi - e

steel,

optimization,

in the direction of the Z axis.

operation of the vehicle over its expected service life [3].

Figure 2 Analysed assembly

Structural | Aluminium Plagtic In the ANSYS Workbench program, a model of the
Sted Alloy ABS fixing clamp with a sensor OsiSense XS, fixing bolts
13 240 6061 M5x40 and a frame was built. Then the model was discrete
Density by quadratic hexagonal finite elements (Figure 2).
(kg.n®) 7850 2110 1050 Dimensions of the sensor and mounting bracket were given
Young's by the manufacturer.
Modulus 2,116 0,71.16 0,024.16
(MPa, 4  Static analysis
Poisson's 0.3 0.33 0,4078 After creating the finite element network, a static
Ratio .") analysis was performed on the original structural steel. In
Te_nsne the first step of the static calculation the fixed support and
Yield 250 164.8 36.13 the bolt pretension was defined by calculating axial forces
Strength (1) based on the formula [4]:
(MPa)
Tensile F=M_ 268 _95e30N 1)
i k.d 0,2.5.1073
Ultimate 460 246,1 38,73
Strength . . . .
(MPa where M ismaximum torque required to tighten the

screw, k is material constant and d is nominal diameter of
H1e bolt thread.

In the next step, we analysed the maximum

Y deformations and stresses.

™ Ererepd

&1

Figure 3 Total deformation of the assembly

m
2

properties of used materials are defined in Table 1.

3 Problem definition I“:;
The aim of the work was to perform numerical ™ =

simulations of random vibration tests and impact test:

which are defined by the standard EN 61373: 2011 fc

equipment mounted on rail vehicles. In order to assess tl..

quality of a component, it is necessary for the component

,’I

Figure 4 Von Misses stresses of the assembly
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The largest deformations occur at the outer face of tk
bolts, where they reach a value of 0.0034 mm (Figure 3

Natural frequencies

The stress concentration occurs at the outer face of t 8000

bolts where they reach a value 157,9 MPa (Figure 4). 7000
Static analysis provided required data for further mode =

. I 6000
analysis [4]. =

E 5000

5 Dynamic analysis S 00

51 Modal analysis £ 3000

This analysis is one of the most widely used types ¢ 2000

dynamic analysis. According to the author [5], we car 1000

characterize it as a part of dynamics, which defines mod
parameters and dynamic behaviour of structures.

If we assume the linear behaviour of the material, the
the basic equation of motion of the dynamic analysis wil
be in the form of a system of linear differential equation.
of the second order in the matrix form (2):

NF1 NF2 NF3 NF4 NF5 NF6

== Structural Steel e==Aluminium Alloy ABS
Figure 5 Natural frequencies of the assembly

.. . _ The performed modal analysis determined the first six
[M]¢} + [Cl + [K]{u} = {F} () mode shapes with corresponding natural frequencies.

In the case of modal analysis, we neglect both extern%;ese first six modes are enough to perform further

load and viscous attenuation, so we can write equation alyses as it provides input information for both the
. | ' q dom vibration testing and the shock testing [7-20].
in the form (3) [6]:

5.2 Random vibration testing
To simulate the tests, linear dynamic calculations were
Eerformed in a predefined frequency range [2].

[M]{ii} + [K]{u} =0 ©)

The results of the modal analysis in the form of mod
shapes with the corresponding natural frequency for the

. . P |
ASD (mis") Hz
original stru_ctural steel model are in Tab_Ie 2. s gl R _ I
Comparison of the natural frequencies results for & “:‘fm':‘ o omindd s pactiuat
three applied materials are shown in Figure 5. X S Towertmt 6 dBloctave
Table 2 Results of modal analysis v S~
Mode [0 Mode ;
o (Hz)
shape (Hz) shape
i 5 20 f  Frequency Hz—
1.| 1701 2. | 3905 { seale)
Direction

m X ¥ Fi
E—‘ Functional test
§“ ASD level 0,0060 0,0144 0,0301

3. | 4520,7 4. | 4820,4 5 (/53 He
N Hecwey®®| 045 0,70 1,01
~ Functional test
= ASD level 0,144 0,0414 0,190
5 (m/s2Hz

6367 6. | 7606,5 S |Tte a0 | as | s
5. . 1
Figure 6 Parameters of random vibration testjag

This range was used to obtain vibration responses
caused by random vibration excitation. This excitation was
defined by accelerated power spectral density (ASD)
curves with the prescribed frequency range and root mean
square spectrum values given in the standard [2].

All values used in excitation process with the
corresponding course of the graph are shown in the
Figure 6.
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Table 3 Random vibration testing: Results for category 1B
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Results
The result of the random vibration tests for Categor

1B (Table 3) and Category 2 (Table 4) are the RMS vc

Mises fields with the specific values given in the tables.

Structural | Aluminium Plagtic
Direction Stedl Alloy ABS
13 240 6061

X_norm. i

(MPa 0.0053682| 0.0052499 | 0.034317
X_incr.

(MPa 0.009758 0.0061394, 0.051746
Y_norm. L

(MPa 0.0095404| 0.0095111 0.025356
Y _incr.

(MPa 0.015117 0.013135 0.080164
Z _norm.

(MPa 0.021856 0.018751 0.1159

Table 4 Random vibration testing: Results for category 2

Structural

Aluminium

Direction |  Sted Alloy Pasie
13240 6061
X_norm.
MPa | 0-095436 | g5431 | 0.3573
X_incr.
(MPa_ | 0.1009 | 0.06377 | 0.5897
Y_norm.
(MPa | 0.03433 0.03. | 0.09094
Y _incr..
(MPa | 0.05388 | 0.04680 | 0.3147
Z _norm.
(MPa_ | 0.1161 | 0.07330. | 0.6785

The results are given for the X direction, the Y directiol

Random vibration testing
Category 1B

0.14
0.12
0.1
0.08
0.06
0.04
0.02 a

Equivalent stress (MPa)

—

X_norm X_incr. Y_norm. Y_incr. Z_norm

et Structural Steel =@ Aluminium Alloy ABS

Figure 7 Random vibration testing: Comparison of the results
for Category 1B

Random vibration testing
Category 2

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1 —_—

Equivalent stress (MPa)

et “’ﬁs——-.

g

X norm X incr. Y_norm. Y_incr. Z_norm

=== Structural Steel === Aluminium Alloy ABS

and the Z direction. The highest effective excitation valuerigure 8 Random vibration testing: Comparison of the results

occurring in the vertical Z direction. This value is then also

for Category 2

used for the transverse direction X and the longitudinal

direction Y as an increased excitation level [2].
The comparison of the results of the maximum reducenot exceeded in any direction of stress for individual

stress values for all three materials and for each directimaterials, so we can say that the item under test conformed

are shown in Figure 7 for Category 1B and in Figure 8 fwith the performance tests after the vibration testing

Category 2, evaluating the state where the value identified in standard [2].

maximum reduced stresses is greater than the yield strength

of the material used.

Such a condition is considered unsatisfactory because To simulate the tests, linear dynamic calculations were
undesired deformations are expected.

It is clear from the results that the yield strength was

5.3 Shock testing

performed in a predefined time domain, which were used
to obtain vibration responses during shock excitation. This
excitation was defined by acceleration time courses using
three positive and three negative pulses and the time
required for the responses to subside. It was also necessary
to define the amplitude and width of the pulses (Figure 9).
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08A
024 Upper bounds.
Nominal pulse
024 ower bound
o 25D
L 210
Direction
X Y Z
Peak T:‘:;I!E:Iration 30 50 30
Category 1B o I; o
ominal duration 30 30 30
(ms)
Peak T:’::sllebration 300 300 300
Cattegeiry 2 MNominal duration
(ms) 18 18 18
Figure 9 Parameters of shock testifj
5.3.1 Results

The result of the shock tests for Category 1B (Table !

level. For category 2, the effective excitation values are the
same in all directions [2].

The results of the maximum reduced stress values for
all three materials and for each direction are shown in
Figure 10 for Category 1B and in Figure 11 for Category
2, evaluating the state where the value of maximum
reduced stresses is greater than the yield strength of the
material used. Such a condition is considered
unsatisfactory because undesired plastic deformations are
expected.

Shock testing
Category 1B

and Category 2 (Table 6) are the RMS von Mises fielc

with the specific values given in the tables.

Table 5 Shock testing: Results for category 1B

The results are given for the X direction, the Y directiol
and the Z direction, with the highest excitation effectiv.
value occurring in category 1B in the longitudinal directior,

Structural | Aluminium Plastic
Direction Stedl Alloy ABS
13240 6061

X_norm.

(MPa 0.0005067| 0.0006767 | 0.02088%5
X_incr.

(MPa 0.0008445, 0.0011279  0.034808
Y_norm.

(MPa 0.0011277, 0.0014311 0.086949
Z _norm.

(MPa 0.0036982 0.003909 0.198283

Z_incr.

(MPa 0.0061636 0.006515 0.33038

Table 6 Shock testing: Results for category 2
Structural | Aluminium Plastic
Direction Stedl Alloy ABS
13240 6061

X_norm.

(MPa 0.0064913| 0.00883 0.68591
Y_norm.

(MPa 0.010594 0.019368 0.4245
Z _norm.

(MPa 0.060216 0.10024 2.6137

w 0.35
(-9
2 03
L]
§ 0.25
5 02
-
2 0.15
s
5 0.1
o :
w  0.05
X norm. X_ incr. Y_norm. Z_norm. Z_incr.

e Structural Steel e Aluminium Alloy ABS

Figure 10 Shock testing: Comparison of the results for Category
1B
Shock testing
Category 2
® 3
[« %
3 25
a
g 2
@
E 15
L
2 1
2
w05
0 = _—
X_norm. Y_norm. Z_norm.
e Structural Steel === Aluminium Alloy ABS

Figure 11 Shock testing: Comparison of the results for Category

It is clear from the results that the yield strength was
not exceeded in any direction of stress for individual
materials, so we can say that the item under test conformed
with the performance tests after the vibration testing
identified in standard [2].

Y. This value is then also used for the transverse direction
X and the vertical direction Z as an increased excitation
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6 Conclusion [9] SONG, B., WANG, H.: Dynamic simulation and

The topic of this article was the dynamic analysis of the Optimization of clamping mechanism of online tension
sensor OsiSense XS mounting bracket in accordance with testing machine for wire ropeEngineering Failure
the standard EN 61373: 2010. Analysis Vol. 95, No. 5, pp. 181-190, 2019.

The aim of the analysis was to assess the suitability B0] WANG, Y., LIU, S.: A method of railway system
the bracket design. In developing this issue, theoretical safety analysis based on cusp catastrophe model,
knowledge about the finite element method and the Accident Analysis & Preventiorv/ol. 151, No. 13,
subsequent use of the optimization process to improve the Pp. 51-64, 2021. .
final design of the solution were used. [11]Ll, Z., ZHANG, C.. Design and parameter

By evaluating the results of the maximum reduced ©Optimization of contactless vertical inductive angle
stresses obtained in the random vibration tests as well as in  SensorVacuumVol. 169, No. 23, pp. 141-156, 2019.
the shock tests, it is obvious that neither material h&s2] VO, D., BORKOVIC, A.. Dynamic multi-patch
reached its yield strength. Therefore, all three material isogeometric analysis of planar Euler—Bernoulli
designs meet the standard. However, in terms of weight beamsComputer Methods in Applied Mechanics and
and economic aspect, the best design is the mounting EngineeringVol. 372, No. 3, pp. 41-46, 2020.
bracket model made of ABS Plastic, which, despite its lol#3] ZHANG, H., ZHU, X.: Nonlinear dynamic analysis
specific weight, is an extremely durable material and  Mmethod for large-scale single-layer lattice domes with

therefore met all testing parameters [3-20]. uncertain-but-bounded  parametersngineering
structures\Vol. 203, No. 5, pp. 12-19, 2020.
Acknowledgement [14] THAKUR, B.: Geometrically nonlinear dynamic

This article was funded by Ministry of Education of  analysis of laminated composite plate using a

Slovakia Foundation, grant project VEGA no. 1/0290/18  honpolynomial  shear  deformation theory,
and KEGA 027TUKE-4/2020. International Journal of Non-Linear Mechanidl.

128, No. 15, pp. 192-198, 2021.
[15] MALAKOVA, S., FRANKOVSKY, P., NEUMANN,
V., KURYLO, P.: Evaluation of suppliers’ quality
and significance by methods based on weighted
order,Acta logistica Vol. 7, No. 1, pp. 1-7, 2020.
LIU, G.R., QUEK, S.S.Finite Element Method: A
Practical Course Butterworth-Heinemann, 2003.
[17] LIANG, J.: A user-defined element for dynamic

[3] DAHALE, P., PAWAR, P.: Assessment of boundary ~ 2nalysis of saturated porous media in ABAQUS

L . : Computers and Geotechnics, 2020.
conditions for FEA of mounting bracket using co- o . :
relation with experimental resultsleasurementVol. [18] SERHAT, G., BEDIZ, B.: Dynamic analys[s of
12, No. 3, pp. 141-143, 2018. doubly curved composite panels using lamination

- Eini ters and spectral-Chebyshev  method
[4] KIRTHANA, S., NIZAMUDIN, N.: Finite element paramet :
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Abstract: The goal of the presented paper is to compile a two-link model of manipulator and control the movement of the
basket mounted at its end-effector. Authors focus on using MSC Adams in simulation of the motion of a two-link
manipulator model. Attention is paid to kinematic and dynamic analysis of the manipulator, its modelling and control.
The capability of MSC Adams Control Toolkit is used to design a control system which keeps the basket of the end-
effector in horizontal position. Finally, the results obtained by computer simulation of the model are evaluated.

1 Introduction

A significant advantage of computer simulation of
prototype models is the ability to immediately visualize
modifications of design variants as well as the
consequences of these changes on the behavior of the entire
system.

Computer simulation allows to create a virtual
prototype of a device and adjust it or create new variants of
it without actually producing the real device. The change
of behavior of these different variants of the model can be I I
studied. By simulation we can also display the proposed
model in its work cycle thus revealing possible collisions
of its elements and evaluate different parameters of interest - axt figure (Figure 2) shows the model of a two

and visualize them in the software. The operation of tf fk manipulator created in MSC Adams [8,22]. It consists
model can understood and subsequently verified i 3 two links of lengthd and b, with weights ra and m.

efficiency. During the simulation the values of differenw consider two degrees of freedom of movement. The
parameters can be checked in respective output dlsplaysa s are connected by rotating kinematic pairs to each

the simulated model in real time [1,3-7]. other and by another rotating kinematic pair to the base.
. The drives are placed in respective kinematic pairs. The
2 M0d9| of manlpu!ator ) angle of rotation in kinematic pairs is denoted by angles
The aim of the paper is to analyse the compiled modghqg,. Kinematic equations describing the position of the
of a two link manipulator shown in the figure (Figure 1)engd point M of the manipulator (Figure 2) depending on

is represented by an open kinematic chain [2-8]. )

The manipulator consists of two arms mounted on a Xx=l;cos8;+l,cos(8,+6,) 1)
solid base. The base ensures the manipulator stability in  _, _. s
operation. The working tool, which in our case is a basket, ° e =lusiniBg Haoin(0:°+0) 2)
is firmly attached to the end-effector of the manipulator.
The manipulator then performs a working cycle with the
basket. Our goal is to describe the motion of the end-
effector. The next chapters describe the kinematic analysi:
of the motion of the end-effector [2-8,22].

Figure 1 Model of the two link manipulator

-
N

Figure 2 a) Model of the two link ;nanipulator, b) model of the
two link manipulator in MSC Adams/View
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The driving torques Mand M are triggered by servo ~ Next we focus on controlling the position of the basket
drives in individual kinematic pairs. They ensure theluring the motion. The basket can be used for manipulation
movement of the manipulator arms. The notation aif materials of various kinds, namely solid, bulk or liquid.
dynamic equations of motion of the manipulator (Figure IJhe control was performed in MSC Adams. It offers the

can be briefly written according to [3-8]: possibility of creating a control system using different
, . types of controllers. In our case, we use a proportional
M(9)6+V(6,0)+G(6)=t ®) controller with gain k.

The compensating torque in Figure 5 is needed to
control the current position of the basket with respect to the
desired position during motion. The SFORCE_1 torque
secures the position of the basket in a horizontal position
gpd thus prevents the loss of stability during the motion.

whereM(8) is the inertia matriv(66) is the Coriolis-
centripetal vector, @] is the gravity vector andis vector
of actuator torques.

Equation (3) in our case represents a model with 2°
freedom of motion, a system of two 2nd order differential
equations. The motion of the mechanism of the two link
manipulator takes place in vertical plane, for this reason the
influence of gravity is also taken into account. The
equations of motion do not take into account the laxity and
friction effects in the individual kinematic pairs nor the
elastic deformations of the individual arms of the
manipulator [9-13]. We consider the change of the weight
of the basket due to the load of material present in the

basket [22]. b
3 Computer simulation .
A 3D computer model of a two link manipulator is
created in MSC Adams. Modelling elements and L

procedures for the creation of bodies and their kinematic Figure 5 Compensating Torque SFORCE_1

bonds were used. After proposing the model, the
functionality is verified and the simulation is started Figur%ir
3[1,3-8,22].

The stability of the basket is ensured with a control
cuit by means of a balancing torque which stabilizes the

basket during the motion. A feedback control circuit is

provided, i.e. a torque controller to keep the basket in
® horizontal position during the motion of the arm [22].
There is a diagram of a closed feedback basket position
control system with a proportional controlleg iid the next
picture (Figure 6) [14-22].

T
Kp [ MODEL

edesired

eerro

MGEI\/

o Figure 6 The control syste ith proportional feedback
Figure 3 Views of the rendered model 1our CONITOT SySTem Wi proportion ‘

The control system ensures that the compensating

Figure 4 shows the simulation of the model with th?orque keeps the end-effector in horizontal position and the

compensating torque [9-14]. loss of stability of the basket during the motion of the
manipulator is prevented. The control circuit of the system
3 « - is designed according to the diagrams in Figure 6 and
== . » . Figure 7.
L ]
. T . . T 1
Figure 4 Views of the rendered model
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The control difference between the desired and the

MOTTON . actual angle is defined in tlsmming junction blocg)).
- Subtracting the current angle value from the desired angle

zl of the basket during the motiortigeta_errorand is written

X Kp  |] sronce 1 jioy| mecanica to theDatabase Navigator.
theta desired e The gain block provides the u signal amplification for

"'.I. control of the basket position compensation torque

v (SFORCE_1). The input for the gain blockl®ta_error
theta_actual variable created in the previous section. After setting the

mount of gain and its input, an elemeotque_gain is
dded to th®atabase NavigatofFigure 9).
The mechanical system is controlled by the variable u _After assig_ning the c_:reated function the_ variables are
according to the following equation: written and d|spl_ayed in _th@z_atabase Navigator The
: content of the variables is in (Figure 9):

Figure 7 Scheme of control system with proportional controllerz

u=K,.e 4)
where in the diagram in Figure 7: araviey Crevitybield
. . . ru e omponent orce
e u —tor.que control action variable (torque_gain) fo SFORCE_ 1 force graphic L Forie_grapiic -
compensating torque (SFORCE_1), + Last_Iun hnalysis
+ x — desired angle (theta_desired = 0°) Analysis_flags ADAMS_Analysis Flags
— N ! steel Material
» y —measured controlled variable (theta_actual), SFOLCE_1_MEASIRE Measure_(bject
» e —difference (error) in the adding block: = Heasure Pt
. SY_ ESSLU.’E_
theta_sum = theta_desired - theta_actual, Torq 7 mar_sngular_acceleration Measurs POTNT
« z —fault quantity (prescribed movement of the Torg_7_uar_ouega HMeasure_POINT
mechanical system). g S
After compiling the block diagram of the control M Measure_POTNT
system we need to define the following elements: v Heasure POINT
. . Last_Sim Simulation_ Script
° DeS|gn Vanable + theta actual controls imput
» State Variable + theta desired i —
+ ,_Brror controls_sum 1
° Measure + torgue gain controls gain =
We define the control system in MSC Adams using th} ~ ™ | | Modsing =/
Controls Toolkit. Its control blocks menu is shown ir| All Objects M
Figure 8 [22]. Figure 9 Database Navigator of the model of manipulator
3 croate om0 Interactive simulation and visualization allows
i= = K| X[ )| | 4= 2| K| A& ) 4~ 2| K] 2= 2] comfortable simulation of the model, model modifications
Wz o)) | | Bl ) |5 o) and visualization of results. The graphs of output variables
oo et [l | et [l | ioneitu enable viewing the current values of the measured
T ey RS ! = variables in real time during the actual simulation and its
(50 | RIE] _— visualization (Figure 10).
mw?_ _. Gan
&l I Trajectory of paint M
500.0?—
400.0
. 3000
=4 vl il [ v] il | il |z
o | s | oo | o | b | oow J) | o6 | b | oo | " 10007
Figure 8 Controls Toolkit — Create Controls Block 00

00.0
The first input signal to the summation block is the e ey,

desired value of the angléuésied between the X axis Figure 10 The animation of the simulation and displacement of
defined on the end-effector and the axis of the base the end-effector

reference system, which is zero. In the Create Control

Blocks dialog box (Figure 7) we select the input signal |t is also possible to display the model in the current
and define the desired input variableeta_desired). We state and print the results prepared this way (Figure 10).
set the required value of the angle to 0°. Postprocessor is an integral part of the process of computer
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modeling of a prototype and it is a very comfortable tool
for creating, processing, modifying and presenting the
results of simulation in the form of graphs [8-14]. It is also
possible to create the output of the simulation in AVI
format.

4  Resulting kinematic parameters

The values of the calculated variables are displayed in
a graphical form with the postprocessor. The magnitudes
of the torques in rotating kinematic pairs when the weights
of the arms are p¥ 9.9779 kg, m= 7.1330 kg and the
weight of the basket g 0.9348 kg are in Figure 11 to
Figure 13.

Volume: 5 2020

Issue: 3 Pages: 41-46

ISSN 2453-7306

Table 1 The magnitude of the MOTION_1

MOTION_1 (N-mm)

t=0.222 (sec) t=0.5 (sec)
my=0.9 (kg)| 838288.77 -156420.0
mp=5.0 (kg) | 84295.634 -234500.0
mp=10.0 (kg) 141230.! -330530.!

Table 2 The magnitude of the MOTION_2

MOTION_2 (N-mm)

t=0.5 (sec) t=1.0 (sec)
mp=0.9 (kg) | -52659.4247| 51970.7031
mp=5.0 (kg) | -88877.8319| 85194.0907
mp=10.0 (kg)| -133420.0 126050.0

E jggggEozrt.;l:firm_Locaﬁonj:!:illnt2l..h'n’ag E 1?g::;T]::u'que_al_Lo:atian_.loinr.i_Mag Tab|e S;I;%rgac:ggltlidel\lof the SFORCE 1
E sl R _1(N-mm
= 0'3.3 o7 14 16 2.0 = 0%.3 0.7 1.1 1.6 20 t:0638 (Sec) t:0818 (Sec
Time (sec) Time (sec) mv=0.9 (kg)| 1060.8687 | -1307.8291

Tl mp=5.0 (kg) | 5677.3421 | -6999.5562
g ‘550*;’;2‘;’ \ E mp=10.0 (kg) | 11354.7405 | -13999.1839
= 45000.01/ '-;'\"’“\'\.f"." Y4 £
- 0. NS Sl S i

& et \/ Before starting the simulation a change of the

Figure 11 The graph of the torque in the joint 1, joint 2 and Magnitudes of individual moments in individual joints is

expected, as well as change of the compensating moment

joint 3
of the end-effector [16,17]. The graphs obtained by the
87000.0-MOTION_2 1500.0r—SFORCE_ simulation are shown in (Figure 14 - 16). Only the torques
£ . £ . . .
e N /] |2 ™ are plotted. Angular variables as acceleration, speed and
S 16000, S 0.0 N T T 7 . . .
2 lonold 3 7500 trajectories are not changed by the load. The resulting
= =z . . .
000G 07 11 16 20 15008507 14 18 20 graphs are in the following figures.
Time (sec) Time (sec)
MOTION 1 [Last_Run Time= 0.0000 Frame=0001
= 60000.0 A T A 1 1E+005 MOTION_1 600000 MOTION_2
g -aooog'g N \] E 300098 E 300000 /\ /
3 aew0s s 2 aooono S
- » -1.3EH @ - .
S Mimeser \/ S 2B T e Z0 | 00557 T ie Zo
Ime (sec, B . . ! B B . . i !
N Time (sec) Time (sec)
Figure 12 The graph of the torque MOTION_1, MOTION_2 “romor
and SFORCE_1 £ 15000 =
E 750.0/\/\ /\/\
S 0.0
_ theta_actual theta_eror % -750.0 \/ \/ \/
i.EE-OOS .f"‘\ A 1.5E-005; = = 1 500'?}
T.5E-007 | /\( J|' n\ T5E-007 |, 3 0.7 1.1 1.6 20
0.0 J.' llu I'| ,-f\)' 0.0} Ot Time (sec)
::Egﬂ; N Y 325333______ Figure 14 The graphs of the torques in the joints with weight of
! 2007 11 16 20 : 3 07 11 18 20
Tiine (@) e (6] the basket B¥0.9kg

|_Run Tienes 00000 Frama=0001

£

Figure 13 The graph of the angle theta actual, theta error an

torgque_gain

\
16 20

Vi oW
LUV B

Time (sec)

theta desired

The magnitudes of the moments in rotating kinemati
pairs with increased arm and weight of the basket 9
kg, m, = 5 kg and = 10 kg are calculated next. The

MOTION_1 MOTION_2
£ 25E+005 c 1.0E+005
£ 1.3E+005 £ 50000.01
S 0.0 /\U/\ /\ 15 00 -
E -1.3E+005 U é -50000.0
25E+ 008 307 11 168 20 AOBH005 357 17 16 20
Time (sec) Time (sec)
SFORCE_1
£ 100000
£ 50000
s 0.0
3 50000
= 10000
33 07 11 16 2.0
Time (sec)

magnitude of the moments in joints are shown in Table Figure 15 The graphs of the torques in the joints with weight of

Table2 and Tabl&.

the basket g¥5kg
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. 15Es00s——MOTOIL] . 00000 MOTION.2 difference between these values is in negligible ranges in
Eocooge AN A | E 4000 ﬂ both cases which indicates a suitably designed and
i 1 5E+005 § 450000 functional end-effector position control system [20-22].
'2'5E+08$276 0.7071.138 1.569 2.0 -9000009276 0.707 1.138 1569 2.0
Time (sec) Time (sec) -
e Conclusions _ _ _
E Sooos I~ The values obtained from both simulations confirmed
§ oo \/ \/ \/ the increase and decrease of the acting torques in the joints
2 :‘;33363276 =5 RS — S of the manipulator. An increase in the load also revealed an
' ' Time (sec) ' ' increase in the torque required to move the basket along the

Figure 16 The graphs of the torques in the joints with weight dfajectory. The opposite is true when reducing the load.
the basket p+¥10kg

We also calculated the values of position, velocity angrototype model

acceleration of the basket (Figure 17 - 19) [20].

Displacement x_M of point M
700.0

E 5250
< 3500
=

o 175.0

E

-

>

0'8.0 05 1.0 15 20
Time (sec)

500.
375.0
; 250.0
125.0
.0 05 1

o Displacement y_M of point M

0. 0 15 20

Time (sec)

Position vector | r_M | of point M

700.0
550.0
400.0
1 250.0
- 100.8

| (mm)

j

r_M

.0 05 1.0 15 20
Time (sec)

lLast_Run Time= 0.4980 Frame=0250

Figure 17 The graph of the position &nd w of the end-
effector

Welacity v_xM of point M

Welacity v_yh of point M

MSC Adams works with a 3D model [22]. The
advantage is the possibility to simulate the motion of the
and its control in the program
environment and verification of the functionality in the
form of 3D visualization. Based on the results obtained
from the simulation it is possible to build a real model and
design the drives. When designing drives for a mechanical
system it is necessary to pay attention to the maximum
magnitudes of the forces when handling various loads and
so it is necessary to design the drive with the appropriate
parameters for the specific purpose of use of the
manipulator.

The proposed control of the stability of the end-effector
by selecting the appropriate control system and setting the
controller parameters is an important aspect for
maintaining stability and managing load transfer. Based on
the results of the simulation it can be stated that the
proposed control system is functional and maintains the

§ S ;\\ 13 b 2 e AR necessary stability during the motion of the manipulator.
E oo ; { 1§ oo—A 1 Simulation software is a suitable tool for design, saving
P / Vo3 o\ ti d Itis al itable for detailed h
i S PO 5. ¥ PO OV N B | i | NP N O, .22 OO O O 8 .
e e s 14 ime and resources. It is also suitable for detailed researc
Time (sec) Tima (sec) and investigation of mechanical systems in practice.
Magnitude of velocity vector [v_M|  |rltun Tees ooin o

[v_M| {mmisec)
@
(=1
=3
=

Time {sec)

Figure 18 The graph of the velocitynand ym of the end-
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