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Abstract: Computational technology makes it possible to lacate and simplify the processes of kinematicayrhmic
analysis. The paper deals with the problem of ke@ranalysis of a planar six-joint mechanism @wa double-spring
crusher. Computational techniques and softwarestipave been used in the kinematic analysis. Titaired results
are compared with the results of the graphicalteoiu The graphical solution has been carried gutusing CAD
software. MSC.Adams/View program was used to cr@atedel and simulate the jaw crusher motion. th bases there
was agreement of the obtained results.

1 Introduction environment, and then also to perform a kinematidyesis

The development of computer technology has madedf the mechanism in this program.
possible to simplify and speed up various procegses
different industries. One of these industries giemering. 2 Kinematic analysis of a double-spring
Computing is nowadays quite used in this field;ah be crusher
said that almost in the whole process of design, The double jaw crusher is designed for crushingl har
construction and production of a machine componenhaterials, also quarried materials, sand and grared
mechanism and others. The software that has begitycling. [4,5]
developed to facilitate the work of people in techh
practice allows a given machine part to be desigred momg sccersic sha
3D model, to combine multiple parts into an assgnidl
create a functional 3D model of, for example, a =y
mechanism, to perform static, kinematic or dynamic /
analyses of parts, mechanisms, they also allowotiotipe
stresses of the parts, to simulate not only thegages of
designing the parts, but also the simulation of the
production of these parts. Last but not least, #zese time
and money because the designs can be carried alt mu
faster compared to analytical methods, they alse Hze
consumption of materials because they can simwdate =
number of things and processes in which it is fbsdD / S/ ‘
detect possible defects and shortcomings of a given "= L WL
component, mechanical system or manufacturing peoce  Figure 1 Description of the main parts of the double jaw
before the prototype is made or production is stajt-3]. crusher[4]

The aim of this thesis is to model the mechanisra of

crusher with two struts in the MSC.Adams program The tie rod and compression spring ensure that the
buckling plates are in their bearings throughoetdtusher
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run, and also assist in the reciprocating moveroéiite 2.1 Determining the velocity of individual

moving jaw. The kinematic analysis will be carrima on members

a simplified model of the crusher, where the rod spring In the simultaneous motion of bodies, the resultant
are neglected and the buckling plate fits are mleby  ye|ocity of a given point or body consists of theftd
pivot joints. A simplified model (kinematic diagrawf the  ye|ocity and the relative velocity, which can beéedmined
mechanism of the double buckling jaw crusher isshim  graphically as a diagonal in a parallelogram, tidess of
Fig. 20. The mechanism in question is a six menmberghich are the vectors of the given velocity compaseTo
mechanism formed by attaching a binary system grougetermine the resultant velocity vectar,), the vector

composed of members 5 and 6, to a basic four me&beg, nmation relation of the drift velocity vectar,j and the
crank mechanism composed of members 1, 2, 3 afte4. |oative velocity vectory,) holds [7]:

members of this mechanism are a frame (1), an gtcen
shaft, i.e. a crank (2), a connecting rod (3),ekbog plate,
i.e. as it were a rocker arm (4), a second buclgiate (5)

andamgvable_z jar\:v v(\;it_h_a pendultgjm (?]) [4’?]]' cedriy ._1The magnitude of the velocity at point A can be
Member 2 is the driving member, the others aresirv yetermined by calculation at a known angular véyoci

[6].

v, =V, +v,. ¢))

Vyz1 = w,0,A4 = 0.75398 m/s @)

When the motion of the members is decomposed, the
velocity at point A is expressed by the equation.

V4

Vp31 = Vgzz T Vg2 3

Since point A is the common point of member 2 and
member 3, the magnitude of the velocity;, is zero.
Therefore, the velocity of point A is.

Vp3z1 = V21 = Vg 4)

Point B is a common point of Article 3 and Article
(also member 5). Thus, the magnitude of the velagit,
is zero. For the velocity at point B, with the demsition
of the motiom31 = 34 + 41, the following is true.

Vp31 = V41 = Vp )

The velocity at point B can be determined graphical
Figure 2 Kinematic diagram of the solved model - crusher using the instantaneous centre of rotation of meralzed
mechanism the velocity at point A using the angle of view darem.
According to the decomposition of the motion, tleeter
Every single moving member performs a planagquation holds for the velocity at point B.
motion, as it is a planar mechanism. Member 2 persa
uniform rotational motion about poif, with a constant Vp31 = V31 + Vpazt (6)
angular velocityw, = 61 rad/s, the trajectory of point A
is a circle. Members 4 and 6 also perform rotationa With respect to the reference point A, point B perfs
motion, member 4 about poift, and member 6 about & planar rotational motion on a circle.

point O,. The trajectories of points B and C are parts of a o _ o
circle, namely circular arcs. Members 3 and 5 perfo 2.2 Determining the accelerations of individual

general planar motion. All these motions are rellatethe members
base space - the frame [6]. Acceleration is generally a vector quantity that

The dimensions of the individual members and theharacterizes the temporal change in velocity pdiat or
distances of the axes of rotation are: memb&y2 = body. When bodies move simultaneously, the resultan
40 mm, member 3AB = 430 mm, member40,B = acceleration of a body or point is determined asvéttor
145 mm, member 5BC = 195 mm, member 60,C = sum of the vector of the acceleration vector of dinié
430mm, b =125mm, c=435mm, d =150mm, motion, the acceleration vector of the relative iorgtand
uholg = 60°. the Coriolis acceleration [7].
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Q)

For the Coriolis acceleratiom,,,, relation (8) is
generally valid; it is the vector product of twitte angular
velocity vector of the drift motiona,) and the velocity
vector of the relative motiorvf) [1].

a,=a,+a,+ag,.

(8)

aCOT = Zwu X vT'

normal component of this accelerati@n;,, is also
known, the acceleratioa,;, is known completely. The
other accelerations in relation (15) are unknowah eed
to be determined. The individual magnitudes of the
components of the accelerations of point B witlpees to
the overlap and of point B with respect to poinhéve
been determined graphically and their values arengin
Table 1.

Point C is the common point of members 5 and 6,
therefore.

The Coriolis acceleration is equal to zero when the

translational drift is zeroaf,, = 0), or when the relative
velocity at a given point is zere( = 0), or the vectors of

these velocities are parallel at that point. Whedids are

(16)

For the acceleration at point C, the relation.

QAcs; = Acey = Ac

moving simultaneously in a plane, these vectors are

perpendicular to each other, and thus the magnititee
Coriolis acceleration is [7].

)

ac = 2w, vy

A7)

The acceleration at point B is completely knowmfro
relation (15) and therefore will not be decomposgd
normal and tangential components. The other act@es

Qcsq = Apsy + Acpsy

Point A is the common point of members 2 and 3, arfeAve to be found out. Relation (17), after decontions

hence the acceleration at this point is also.

(10)

Au31 = Ay = Ay

Since member 2 rotates with a constant angulacitglo

w5, which results in a constant velocity of point A, the
acceleration of point A in the tangential directisrzero

(asy:, = 0 ms~2). The acceleration at point A is equal tamagnitudes of the

the normal component of the acceleration.

into components, has the form.

Qcsy = Apsin + Apsye + Aegsin + Acpsie (18)

The magnitude of the normal components of the
accelerationsds,, aa.gs:,) can be determined using the
Euclidean construction of the given acceleratiotis
tangential components of the
accelerationsds,; a acgs,;) are determined from the
vector pattern.

Ayp1 = Qupip + Aapey (11) The actual magnitudes of the given acceleration
velocities obtained by the graphical solution areg in
o = Qyzin (12) Table 1. The graphical solution has been carrig¢droa
CAD program.
The magnitude of the normal component of
acceleration at a given point can be obtained usingTable 1 Velocitiesand accelerations obtained by graphical
Euclidean construction. solution
It is known that point B is a common point of memsbe point
3 and 4 (and also of member 5), therefore. A BA B CcB C
Apsy = Qpyy = Apsy = Qg (13) [r‘r’{é_z] 14.2122 1.2826 1.3956 0.9306  0.0668
a -
The acceleration at point B will. [mtsZ] 0 8632 13.0544 12.6934 2.6872
a p! y
Apay = Quzy + Bpsay (14) [ms?] 14.2122| 6.002 13.1286 12.7334 2.6832
. . ) ) v 1 0.75398 0.7427 0.44984 0.42598 0.16946
After decomposing the accelerations into tangeatidl [ms]

normal components, relation (14) can be writterthe
form.

Qpz = Quzin + Au31 + Apazin + Apazre (15)

From the solution of the acceleration at point tAisi

3 Motion smulation of the mechanism

The program allows to perform kinematic and dynamic
analyses of mechanical systems of points or bobiet,
rigid and flexible, as well as analyses of thersith of
structural elements, sensing of forces in motionhwi

known that the magnitude of the tangential compboén consideration of gravitational, inertial effectsfactional
the acceleratiom,,,, at point A is equal to zero, and theforces, etc. The software also offers the possbild
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model a given mechanical system directly in its own The individual members of the mechanism are
environment using the CAD functions it offers, bist connected by rotary linkages. After the model is
model of the mechanism, mechanical system can bssembled, the model is subjected to verification.

imported from various CAD software (e.g. from saite The driving member 2 (eccentric shaft) performs a

such as Inventor, SolidWorks and others) in .stgp, .lam rotary motion and rotates at an angular velocitywpf=

and other formats [8-12]. 61 rad/s, which when converted to degrees per second is
w, = 1080 °/s. The crank makes 3 rotations in 1 second.

3.1 Modsd creation The rotational motion is placed at the crank tugrpint

The simulation was performed in MSC.Adams/ViewD,. The simulation is set so that the crank makes one
[13,14]. In this program, the individual memberstbé revolution (360° rotation), and thus the simulatione is
mechanism were successively modelled accordingpego tone-third of a second. The step size is sétG01.
simplified scheme in Fig. 2. The modelling function In order to be able to obtain individual data oé th
"RigidBody:Link" was used to create the individualmonitored quantities during the movement of the
members. When modelling the crank, the rotationf@®i  mechanism, their meters were defined in the progsaich
is placed in the position (0, 0, 0) mm and the fbrig  as speed meter, acceleration meter, etc... Iniaddd the
defined according to the given dimensions. Thelcian measurement of speed and acceleration, the anfles o
rotated in a position 60° from the x-axis. Thiglane by rotation of some members were also measured. The
rotating the end markers by an angle of (300, 0)Q,due obtained results were processed in the postprocéssbe
to the fact that the angle of rotation about thexis-is form of graphs and tables.
measured counterclockwise from the x-axis in the
program. The buckling plate (member 4) is posittbse 3.2  Simulation results of selected variables
that its rotation poin0, is at the position (125, -435, 0)  The simulation is run from an initial position whethe
mm. The connecting rod is attached to the predegist driving member 2 is rotated by an angle= 60° below the
crank 2. The jaw has a pivot point at pold§ with x-axis. This is in order to be able to compare thkies
coordinates (-150, 0, 0) mm. A second buckling elatobtained for the individual variables from the carnew
(member 5) is attached to this jaw. A model oftchesher simulation with the values obtained by the graghica
mechanism is shown in Fig. 3. solution. The advantage of the simulation is thafffers
the waveforms of the given quantities also dependim
the movement of the driving member, i.e. duringatigon
of the mechanism cycle.

Figure 4 shows the time history of the angle of the
member 2. Figure 5 shows the waveform of the depecel
of the angle of member 6 on the rotation of mer@b&hen
the crank is turned one revolution. The angle &f th
movable jaw is measured from the x-axis.

00833 0.1667 ) 0.25 ) 03333

time [s]

Figure 4 Time history of crank angle (member 2)

angle of the moving jaw [°]
2 -
= o
N
/
L
N
] \\
/

Eij 0 150.0 240.0 330.0 4200
crank rotation [7]

Figure 5 Course of the angle of the movable jaw (member 6) as

a function of the rotation of the crank (member 2)

Figure 3 Kinematic model of the crusher mechanism
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Figure 6 Dependence of the position of a point on the angle of angl [
rotation of the member 2 Figure 8 Acceleration components at point B as a function of
crank rotation

Figure 6 shows the dependence of the positioniofpo
B and C on the angle of rotation of the crank bg turn.
From Figure 6, it can be seen that at one turhettank,
the movable jaw approaches the fixed jaw twice. fliisé
advancement of the movable jaw from the fixed javess
than the second advancement. The values at the mhorr

CELERATI
\

when the movable jaw is closest to the fixed jae the < / \ \ \
same in both cases. :
For the magnitude of the individual resulting & @

ANGLE

accelerations at the given points, it is valid ttrety are
equal to the square root of the sum of the squafréise
components of the given acceleration.

Figure 9 Acceleration of single poi nts as a function of the angle
of rotation of the member 2

3.3 Poaint trajectory
- T~ The advantage of the program and the simulatietf its

, N\ \ is that it can also provide a representation ofpthins of
given points. The trajectories of points A, B anda@
w® shown using the "Trace Marker" function in Figuée The
' — trajectory of point A is a circle, the trajectorigispoints B

N Aok LA s T and C are circular arcs.

0w N g AN/ \\/

ANGLE [*)
Figure 7 Velocity magnitude of single points as a function of
member rotation angle 2
Figure 7 shows the evolution of the velocity of the
individual points of the mechanism as a functiontta
angle of rotation of the crank when the crank iaed one
revolution. Figure 8 shows the waveform of the

acceleration components of point B as a functiothef
crank rotation. The resulting acceleration curvéshe
individual points of the mechanism as a functiorcraink
rotation are shown in Figure 9.

Figure 10 Tra; ectory of (a) poi nt A, (b) point B, (c) p0| ntC

Another way to plot the path or trajectory of aegiv
point during the movement of the mechanism is &t jl
in the postprocessor as the dependence of thesx-axi
position of the component point on the y-axis congr
of the y-axis position. The individual point trajedes are
shown in Figure 11.
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Figure 11 Trajectory of (a) point A, (b) point B, (c) point C

3.4 Comparison of results obtained by graphical
solution and simulation

4  Conclusion
In this paper, the kinematic analysis of the plasigr

The displacements obtained by graphical solutiah ajoint mechanism of a two-spring jaw crusher hasnbee

simulation were compared in the initial position tbe
mechanism. The individual deviations of the sohsiare
shown in Table 2. The largest differences in tiselte are
visible only at the ten-thousandths place

Table 2 Comparison of results obtained by graphical solution
and simulation

oo simuatior  Difierence
v, [ms1] 0,75398  0,75398  0,00000
vy [Ms?] 0,44984 = 0,44984  0,00000
v [ms?] 0,16946  0,16946  0,00000
a, [ms?] 14.21220  14.21223  0,00003
ag [ms?] 13,12860  13,12876  0,00016
ac [ms?] 2,68820  2,68813  -0,00007
aga [Ms?] 6,00200  6,00200  0,00000
acp [Ms?  12,73340  12,73346  0,00006

carried out. The kinematic analysis of the mechanias
solved graphically and by computer simulation.

The graphical solution was carried out using Auside
Inventor Professional 2020 with the mechanism ia th
initial position. Kinematic analysis using computer
simulation was solved using MSC.Adams/View program,
where the waveforms and magnitudes of the given
guantities during one complete cycle of the medrarand
the trajectories of the given points were obtained.

Based on the comparison of the results obtaingtidoy
two solution methods, it can be stated that theracy of
the results obtained from the simulation is quitghh
compared to the graphical solution. One can spéakrg
small to imperceptible differences in the resiudtace the
largest differences in the results found are indtder of
10* to 10° units.

Thus, the use of computer simulation of the mecmani
is a suitable and advantageous choice for kinematic
analysis, also because it provides results notatraysingle
instant, as in the graphical solution, but durihg whole
process or cycle. The given results can be prodéssbe
form of graphs or even tables, and the simulatizo a
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