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Purpose. To carry out a kinematic analysis of a flat twelve-link hinged mechanism with three leading links, the basis of which
is a structural group of links of the third class of the fourth order with rotational kinematic pairs, which is used in technological
equipment.

Methodology. The kinematic study of a flat complex mechanism of the third class with three leading links was performed using
the mathematical modeling method in the Mathcad software environment.

Findings. Using the method of mathematical modeling, the mechanism was presented in the form of free vectors built on its
links, for which, taking into account the presence of three leading links, three vector contours were selected, which made it pos-
sible to draw up a system of vector equations of their closedness with further solving by a numerical method in the Mathcad soft-
ware environment. The functions of the rotation angles of the mechanism links, their angular velocities and accelerations were
obtained in analytical and graphical form depending on the rotation angle of the first driving crank of the mechanism, the calcula-
tion of the angular velocities and accelerations of all the driven links of the mechanism was performed.

Originality. A sequence was developed and a kinematic study of a complex planar mechanism of the third class with three lead-
ing links was done, the basis of which is a structural group of links of the third class of the fourth order. Schematic modeling of the
mechanism with three leading links was performed, a visualization schedule of its kinematic scheme was built, and a valid version
of its assembly was obtained from many possible ones, for which the values of kinematic parameters of all its links were determined.

Practical value. An analysis of the effect of the kinematic parameters of the three leading links of the third-class mechanism on
the movement of the working body of the technological equipment was carried out. From the analysis of the obtained research
results for the cycle of the mechanism the reason was found for the incomplete technological stoppage of the link, which should
provide the working body of the machine for the required period of time. Recommendations of the elimination were made to
identify the deficiency and proposals for the need to improve the drive of this equipment.

Keywords: mechanism of the third class, kinematic analysis of the mechanism, Mathcad computer modeling, kinematic study

Introduction. Technological machines with several driving
links, whose working bodies perform rotational motion or re-
ciprocating motion, move with their suspension in extreme
positions, are used in various branches of mechanical engi-
neering, for example, in mining. Recently, in global practice,
there have been qualitative changes in the structure and tech-
nical level of machines and equipment from the point of view
of the use of laser, optical, computer and other devices for con-
trolling the movement and suspension of the working bodies.
However, their use is not always justified due to the complica-
tions associated with the use of additional electronic sensors,
equipment and, as a result, an increase in operating costs, an
increase in the final cost of the machines.

The law of movement of the working bodies with the out-
put link suspension can be provided by cam mechanisms, the
wide application of which is restrained by a number of inher-
ent disadvantages, including the low wear hardness of the
working profile of the cams and the tendency of these mecha-
nisms to open the kinematic pair “pusher — cam” at high an-
gular speeds of cam rotation.

In contradistinction to cam mechanisms, lever mecha-
nisms are highly reliable, durable, capable of long-term and
significant loads, and are successfully used in high-speed tech-
nological equipment.

Flat complex mechanisms of the third and higher classes
have always been in the “visual field” of specialists and scien-
tists dealing with issues of improving existing and designing
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new technological equipment. That is how such mechanisms
can ensure the movement of the working parts of the machine
along geometrically complex trajectories and the necessary
laws of motion, which is necessary for the technological pro-
cess. This especially applies to equipment with uniform move-
ment of the driving link (driving links) and non-uniform
movement of the driven ones, which cause the cyclic move-
ment of the working organs of the machine with certain tech-
nological suspensions and their being stationary for a certain
period of time to ensure the possibility of high-quality execu-
tion of the technological process.

The use of flat complex mechanisms of the third and high-
er classes in the structure of technological machines requires
their preliminary comprehensive analysis, which has a certain
sequence of implementation from the theory of the structural
structure [1] to kinematic [2] and dynamic [3] studies of such
mechanisms for various branches of production [4].

Literature review. Kinematic analysis of complex mechan-
ical systems is performed under the condition of carrying out
their structural studies, which can be conditionally divided
into two groups of tasks: the task of analysis [5] of existing
mechanisms during their technological improvement and the
task of synthesis [6] under the condition of designing new
mechanisms for technological machines and processes. The
creation of curved surfaces of folds is an actual and still insuf-
ficiently studied problem. Thus, for the formation of complex
geometric surfaces, a flat multi-link mechanism was structur-
ally synthesized, the lengths of its links were parameterized,
and the directions of movement of the driving links were ana-
lyzed, which made it possible to determine the different tra-
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jectories of the points of the connecting rods of the mecha-
nism in order to obtain the geometric surfaces necessary for
the technology [7].

In the scientific works of recent years regarding the appli-
cation of flat complex mechanisms in various mechanical sys-
tems and works, there is a trend of increasing the number of
publications in which it is proposed to automate the processes
of analysis and synthesis of complex mechanical systems using
specially developed software and computer equipment.

The paper [8] presents a computerized method of syn-
thesis of flat mechanisms, which allowed creating a database
of synthesized mechanisms with up to sixteen moving links
and eleven degrees of freedom. Another work [9] proposes a
systematic method of synthesis, which made it possible to
obtain a complete set of complex planar kinematic chains
with the number of independent circuits up to six and up to
nineteen moving links. The work [10] gives an overview of
the existing methods of structural synthesis for various com-
plex plane kinematic chains and mechanisms, presents the
latest scientific achievements, predicts trends in this field of
research in the future, and forms theoretical foundations for
scientists who deal with issues of intelligent design of mech-
anisms. In the context of the automation of the processes of
design, synthesis and analysis of flat mechanisms acquire a
new, relevant content of the work [11, 12], in which the au-
thors try to determine common patterns observed in the
structure of such mechanisms in order to create software for
their further research in the future, in particular, kinematic,
which would be unified for various structures of lever mech-
anisms.

In [13], the authors give an example of solving the prob-
lems of synthesis of a third-class mechanism with a complex
transfer function, which includes the stop of the output link,
for which four independent vector equations of the closedness
of the circuit were compiled using the vector method and its
kinematic analysis was performed.

Complex multi-link mechanisms are used in various
branches of mechanical engineering. In work [14], a multi-link
mechanism with the presence of two complex links, which is
used in heavy engineering in the structure of a forging manipu-
lator, was analyzed, for which kinematic and power studies
were performed. Works [15, 16] are devoted to a detailed analy-
sis of the mechanisms of a barreling machine used for finishing
parts, another publication [17] is devoted to a kinematic study
of the mechanism used in the automotive industry.

From the above, it becomes clear why the authors in their
publications try to carry out research, in particular, kinematics
of complex mechanical systems using modern software prod-
ucts such as MathWorks Matlab and Dassault Systems Solid-
works [18, 19], Mathcad [20], and others.

Unsolved aspects of the problem. Kinematic research on
flat complex mechanisms of the third and higher class re-
quires taking into account their individual structural fea-
tures when conducting it. For mechanisms of the third class,
methods have been developed that allow them to be carried
out in a grapho-analytical manner under the condition of
repeated repetition of research sequences, which, of course,
affects the deterioration of the accuracy of their implemen-
tation and cannot be used in the presence of several leading
links in the mechanism. For mechanisms of the fourth and
higher classes, there is no universal method of kinematic
analysis using the grapho-analytical method, which would
allow such studies to be carried out for a large number of
variants of such mechanisms; therefore, in order to carry
them out, it is necessary to develop a strategy for their re-
search in each individual case, if this is possible at all for
specific complex mechanisms.

The best option for the kinematic analysis of complex
mechanisms of the third and higher grades is the method of
mathematical modeling, for example, in the Mathcad soft-
ware environment, which requires the development of a cer-

tain sequence of actions for the implementation of the study,
provided there is one input link. For a mechanism of the third
class with three leading cranks and a structural group of links
of the third class of the fourth order, kinematic studies have
features in the development of the analysis sequence and cer-
tain specifics in mathematical modeling in the Mathcad soft-
ware environment.

The purpose of the article. Using the mathematical mod-
eling method in the Mathcad software environment, perform
a kinematic analysis of a flat complex twelve-link hinged
mechanism with three leading links, the basis of which is a
structural group of links of the third class of the fourth order
with rotational kinematic pairs. To perform an analysis of
the influence of the kinematic parameters of the three lead-
ing links of the third-class mechanism on the movement of
the working body of the technological equipment, to check
the presence of a technological stop of the link, which should
provide the working body of the machine with stability for
the required period of time, draw conclusions about the re-
sults of the study.

Methods. The first part of the article gives the sequence of
performing the analysis of a complex mechanism of the third
class with three leading links using mathematical models that
describe the functions of position, velocities, and accelerations
of moving driven links with the help of vector algebra in the
environment of Mathcad mathematical modeling. In the sec-
ond part of the article, using the Position function, a visualiza-
tion of the kinematic diagram of the mechanism was obtained
and its certainty was checked, the influence of the movement
of individual input links of the mechanism on the movement
of the working body of the machine was studied, the results of
the kinematic parameters of the driven links of the mechanism
were calculated, and their graphic dependence was obtained as
a function of the position of the drivers links, the results of the
analysis were analyzed and recommendations were given re-
garding the operating parameters of the third-class mecha-
nism with three leading links and the ability to ensure the stop
of the working body in a certain time period necessary for the
technological process.

Presentation of the main material and scientific results. Ki-
nematic analysis of the mechanism of the third class with three
leading cranks by the method of mathematical modeling in the
Mathcad software environment. The mechanism is placed in
the vertical plane XO,Y of the right side coordinate system

M
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Fig. 1. Kinematic scheme of the mechanism with a structural
group of links of the third class of the fourth order.

Let us denote the kinematic pairs of the mechanism: Al, A2, A3, B,
C,D, E, F, M, N, and S. The radius vectors of the kinematic pairs
in RSCS: Poy, Pos Pos, Pos Pos, Pasy Pz Pz, Py, Pe, Pp, P,
Py, Py, Pyand Py. Let us imagine the mechanism in the form of
free vectors built on its links (Fig. 2): cranks 1 — Py;_4;, 2— Py,
a2 3— Pp3_y3 connectingrods 4 — Pyy_p, 5— Pysp, 6— Py 7
— Py p, Py, Pe_p; 8— Pe_g, Pe_r, P, 10— Pg_y; rocker arm
9— Posp, Poss; 11 — Pos_y, Pos_y. The first letter of the index
in the notation of the vector indicates its beginning, the second — its
end. The lengths of the specified vectors are li-j
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Fig. 2. Mechanism scheme in the form of free vectors

(hereinafter referred to as the RSCS) with the origin at point O,
(Fig. 1). The mechanism has three leading links — cranks 1, 2
and 3, the positions of which are determined by the corre-
sponding angles £, f;, and f;, a group of links of the third class
of the fourth order attached to them, which contains six links
4—9, and a group of links of the second class of the second
order , which contains two links — connecting rod /0 and
rocker arm /1. The group of links of the third class includes
two complex basic links — connecting rods 7, § and four
leads — connecting rods 4, 5and 6 and rocker arm 9. The kine-
matic pairs formed by the links of the mechanism are rota-
tional kinematic pairs of the fifth class.

To perform a kinematic analysis of the mechanism, we
consider the following kinematic parameters: link lengths and
riser coordinates, etc., which are presented in Tables 1 —4. As a
generalized coordinate, we will take the rotation angle of the
driving crank f;.

In technological machines, the working bodies receive
movements from the mechanisms, whose driving links are
fixed on the main shaft and carry out rotational movement to-
gether with it. In the mechanism we are considering, the driv-
ing crank / is fixed on the main shaft. The laws of motion of
driving cranks 2 and 3 depend on the angle of rotation of the
main shaft f,, that is, /5 = f(f)); s =/ (f))-

The discrete variable that describes the main shaft move-
ment is

fi ::ﬁ)s ﬁ)+Afi 'fmaX' (1)

The variable that describes the movement of the driving
crank /, taking into account its position on the main shaft, is

S =f+fuio - (2

The variable that describes the movement of the driving
crank 2 depending on the angle f; is

FUD= = fan o) 22

U

)

+ faa-o-

The variable that describes the movement of the driving
crank 3 depending on the angle f; is

A= =) N f

i

4

In the expressions (1—4), the following notations are
used: f; — the initial angle of the main shaft; Af; — calculation
step; fmax — final angle of the main shaft; fy;,_o, fyn_o and
Jfus—o — respectively, the initial angles of setting of the driving
cranks /, 2 and 3; Rot,, Rot, and Rot; are, respectively, vari-
ables that determine the direction of rotation of the driving
cranks /, 2 and 3 (the value “~1” corresponds to the direc-
tion of rotation against the clockwise direction, and “+1” to
the clockwise); u,, u, are, respectively, the variables that de-
termine the transmission ratios in the case of using a gear for
driving cranks 2 and 3.

The structural group of links of the third class of the
fourth order, which is used in the mechanism we are consid-
ering, can have a maximum of eighteen assembly options in
the general case.

Solving the problem of determining the positions of the
links of the mechanism is reduced to the determination of the
valid points of intersection of the connecting rod curves of two
four-links, which are obtained from the group by opening the
central kinematic pair C and changing the conventionally gen-
eralized coordinates — the angles of its leads 4 and 9, or 5 and
6. The number of solutions to the problem of determining the
positions of the members of the group corresponds to the
number of options for its composition.

Since the connecting rod curve in the general case has a
high order, it is possible to obtain the solution of the problem
approximately by numerical methods.

To solve the problem of determining the positions of the
mechanism links, we will select three vector contours

Table 1
Geometrical dimensions of the mechanism links
Parameter Marking loi_an Laip Ip.p lep lor-m Y lpr leg
Parameter value, mm 12 55 25 70 7 30 95 60
Parameter Marking ler los.43 Lis.r loa-p los.s Isn los.n los.m
Parameter value, mm 40 7 70 45 40 35 55 35
Table 2
Values of angular parameters
Parameter Marking JSino=Z£X0,A4,; Sino=42X0,A4, Jino= £X0;A4; oy=2D0,S o= 2LNOM
Parameter value, degrees 150 125 =25 20 =70
Table 3
Coordinates of fixed kinematic pairs of the mechanism
Parameter Marking 0, 0, Os 0, Os
Coordinate making X Y X Y X Y X Y X Y
Parameter value, mm 0 0 50 0 75 0 10 90 130 80
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Table 4
The values of the angular velocities of the leading links of the

mechanism
Parameter Marking ®, ®, 3
Parameter value, s~ 100 -200 300

Fig. 3. Scheme of vector circuit 1

D) Pp_si = Pyp— Ppc—>Pcp< Pp_p(Fig. 3);

2) Pys—ay = Pai_g— Pp_c >Pc_p< Py_p(Fig. 4);

3) Pos_n1 = Py_p—> Pp_p < Pos_p (Fig. ).

We compose a system of three vector equations of the clo-
sure of vector contours (5, 6 and 7) with six unknown angles

Jar-s Jp-0> Jo-bs Fo-is Ja3-r Joa-p, Which characterize provisions
of the relevant sections 4, 7, 8, 5, 6,9

L 'COS(fAl—B)—

Ly c-cos(fy )]

Fi

eSS
A
g
=
]
3
]
S
3
]
Q
S
3
Q.
3
s
s
N

Y M

P, 04-A1

Arf/

a)1< 79

o
’ }1“’3
Fig. 5. Scheme of vector circuit 3

le_p-cos(fe_g) Lirp-€oS(frp_p)

P a (D) +] Ly_p -Sin(fy_p) |+| Lp_c -Sin(fp_c) |+| le_p -Sin(fe_p) |=| Lipop -SIN(F o) |5 (®)

0 | 0 | 0 0

Ly_p-coS(fyi_p) _lec‘COS(fgfc) _IC—F'COS(fC—E+al) Lysp-cos(fy5_r)

P i (f)+| Licg-sin(fa_p) [+| Lp_c-sin(fp_c) |+| le_p-SIn(fe_p +04) |=| Lis_p-SIn(fy3 ) |3 (6)

0 | 0 | 0 0

Ly_p-cos(fy_p) Iy p-cos(fp_c+a,) log_p-c08(fp4_p)
Pos i)+ Ly_p-sin(fyy_p) |+] lp_p-sin(fp_c +0,) |=| lps_p-sin( Sy p) |, (7

0 0 0

where in expressions (5—7) we have

Forx +lor-ar €08y (D) = Foax —lor-az - €08(f5( )
P s (f)=| Pory +loroar iy (F)) = Fory —loa-aa SIS (S)) |;

0

Forx +1loi_a1 €08y 1 (fi)) = Fosx —los_ 43 -c08(f5(f}))
P i ()| Pory +lorar-sin(fy (F)) = Posy —los_us sin(f5(f)) |;

Porx +lor- a1 -cos(fyn () = Posy
Fos ()| Pory HorarsSin(fyr i (S — Fouy |5

0
2 2 p
o, = arccos(lCE ey lpy j;
2'lC—E'lC—F

2+, -1

o, = arccos[B‘C B (=D
'[ch '[B—D

Solving the system of vector equations (5, 6 and 7) is car-

ried out using the numerical method in Mathcad. For this pur-

0

pose, we set the initial values of six unknown angles f5;_g, f5.c»
fee> Fao-bs f3-k Jos-p, in the locality of which Mathcad per-
forms a numerical solution. From the choice of the initial val-
ues of the angles of the position of the links, the structurally
correct version of the assembly of the mechanism depends on
the eighteen possible versions of the assembly of its structural
group of the third class of the fourth order. For the mechanism
under investigation, we will accept the following initial values
of the angles of the links in accordance with its version of as-
sembly: fy;.p_o = 80°, fz.c.o =—10%, fe.p_o = 190°, fip.po = 80°,
Ja3-r—0=30°, fo4.p_o=—40".

It is convenient to represent the solutions of the system of
equations (5), (6), and (7) in the form of a solution vector
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Jaip (fl )
Sac(f)
Je_e ()
Lare(f)
Saz k()
| foa-n() ]
In order to check the option of assembly of the mecha-
nism, we carry out circuit-technical modeling of the mecha-
nism with the construction of a visualization graph of its kine-
matic scheme.
In circuit modeling, we define vector-links P;_g(f1), Ps.c(f1),
Pe (), Po-e(fh), Pi.(f1), and Py, p(f) in the function of the
crank angle f; according to the expression calculated (8) by the

angles of the position of the links included in the structural group
of the third class of the fourth order

Py (/) :=TASu (/) (g 0 0)F;
Py () = TASz (/) - Uzc O 0)7;
Pe () =TAfc (/) Ucg 0 0,

Pu(f) = [Poix+ loi—ar - cos(fun (1)
Po(f1) = [Poxx + loa—ar - cOS(f2(/1))
Pi(f1) = [Posx + los_a1 - cos(f3(f}))

Py(f) = Pu(f) + Pa_p(f1); (12)
Pc(fy) = Pp(f) + Pp_c(/1); (13)
Pp(f1) = Pos(f1) + Pos_p(f); (14)
Pp(f1) = Pc(fy) + Pe_g(f1); 15)
PHf1) = Pis(f)) + Pas_(/)- (16)

For attaching to the structural group of the links of the third
class of the fourth order of the group of the second class of the
second order of the first type it will be determined the free vec-
tors of the links Py, s(f1), Ps.n(f1), Pos-n(f1), the vector of the
working point of the mechanism Pys_y(f;) and the radius vec-
tors of the characteristic points Py(f}), Py(f;), working point
P,(f)) as a function of the angle of rotation of the crank f;.

P
Poys(f)= Tz(as)'%(fl)'lo:ps;
04-D
Py(f1) = Pos+ Pos_s(f1); (17)

(|Ps(f1)_ P05|)2 +losn —l5_n

P (f)=T
s (f1) =T | arccos 2'|Ps(fl)_P05|‘1057N x
PP |
|Bs(f)=Pos| 7"
Pn(f) = Pos + Pos_s(f1); (18)
Ps_n(f) = Py(f) = Ps(f1);
P
POS—M(fi)::TZ(“4)'%UI)'IOS—M;
05-N
Py((f) = Pos + Pos_yu(f)- (19)

We build the graph of visualization of the kinematic
scheme of the mechanism using the radius vectors determined
from expressions (9—19). At the same time, we use function
(20) to represent free vectors on 2D graphics in Mathcad

Link(RVy, RV,, K) = [RVix - RV (", (20)

where RV, and RV, are the radius vectors, respectively of the
beginning and end of the vector f, which depicts a link on the

i=Find(f41_p_0,fp-c-0>Jo-p-05 S a2-£-0 S 43- -0 So4-p-0)- ®)

P () = TAfp-ef) - (g O 0);

P r(f) = TA a3 r () - Uisp O 0)7;

Pos_p(f1)) = TASos—p(/) - Ups—p O 0)7,

cos(f;) —sin(f;) 0

where T,(f;):=|sin(f;) cos(f) 0
0 0 1

the vector in the plane XO,Y, the argument of which is the
angle of rotation f; vector.

We define the radius vectors of the kinematic pairs of the
structural group of the third class of the fourth order P (f,),

Pyo(f)s Pis(f1)s Pe(f)s Pc(f), Pp(f1), Pe(f1) and Pp(f)) in the
function of the crank angle f; in the accepted PSC

is rotation matrix of

Pory+lor_a - sin(fyn (1)) 017 9
Poyy+loy_go - sin(f(f)) 017 (10)
Posy+ Loy po - sin(f5(f)) 017 (1)

visualization graph of the kinematic diagram of the mecha-
nism in Mathcad.

We build the graph of the mechanism positions using the
Position function (Fig. 6).

The function argumentation Position is: P — the vector of
radius vectors of the characteristic points of the mechanism;
Jfmin — the angle of initial crank position; # — the number of
positions of the mechanism (the number of calculation steps);
Rotation — a variable that determines the direction of crank
rotation; K — a variable that defines the axis of the radius vec-
tor projection of the characteristic point of the mechanism.

Results of a kinematic study of a third-class mechanism with
three leading cranks and their analysis. With the use of function
(20) and the Position function, a visualization graph of the ki-
nematic scheme of the mechanism (Fig. 7) is built, combined
with its 12 positions and trajectories of characteristic points, by
which it is possible to monitor the correct version of the as-
sembly of the mechanism and the absence of a branching de-
fect of the kinematic scheme during the cycle of operation.

The vectors of the angular velocities of the links are de-
fined in general by the expression

o (f)) =P (h), r' (P frs A)) - oy, 21

rxr

2
Iz

logue of the angular velocity of the link;

where f'(r,r')= is a function for determining the ana-

Position(P,fmin,n,Rotation,K) =) «1
ie1
k « rows(P)
for ie 1.k
for jel.n+1
Pl <P,

Rotation-360°
n

Mi,j — P1|:fmin+ G- 1):|K

j«—ij+1
iei+ 1

M

Fig. 6. Position Function
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Fig. 7. Visualization graph of the mechanism’s kinematic scheme

rlo+Aa), —r(o),
Aol
r(o+Aa), —r(a)y
Ao
r(o+Aa), —r(a),
Ao
cal calculation of the first derivative in Mathcad.

The vectors of angular accelerations are defined in general
by the expression

&)= F" (B, ()" (P, [ A0))-0F +7(P_, £, A0) €, (22)

"

rxr

2
7

logue of angular acceleration of the link;
r(o+Aa)y —2r(o)y +r(o—Aa)y

r'(r,o,Aa) = — a function for numeri-

where f"(r,r"):= is a function for determining the ana-

Ao
(ot Act) = r(oa+Aa), —2rioc)y +r(o—Aa)y, 4 func
o
rlo+Aa), —2r(a), +r(o—Aa),
Ao

tion for numerical calculation of the second derivative in
Mathcad.

With the use of function (8), the values of the functions of
the angles of rotation of the links were obtained and their
graphs were constructed (Fig. 8). When constructing a graph
of the angular movements of the links, the values of the angles
were determined from the initial positions of the links, which
they occupy at the angle of the position of the driving crank
Jan-o- The graphs show angles ¢, = f41_p, 05 =f1-, 6 =Fi3-r>
©7=/3-0, P8 = P9 =Soa—ps P10=Ss-n> P11 =So5-N-

With the use of function (21), the values of the angular ve-
locity vectors of the links were obtained and their graphs were
constructed (Fig. 9).

By the use of function (22), the values of the vectors of the
angular accelerations of the links are obtained and their graphs
are constructed (Fig. 10).

The results of the calculation of the angular velocities and
accelerations of the links for one of the positions of the mech-
anism at the crank rotation angles f; = 150°; f; = 125°; f;=—25°,
corresponding to their positions in fig. 1 and under the condi-
tion of their uniform rotation with the corresponding angular
speeds ; = 100s™'; 0, =-2005""; 3 =300 s are presented in
Table 5.

Consider a large-scale image of the kinematic diagram of
the third-class mechanism (Fig. 7). At point M (Fig. 1) of the
rocker arm 11, there is a working body, which technologically
must stop for a certain time during the cycle of its working

50

Angular movements of links, degrees

-40
Angle of rotation of the crank 1, degrees

——¢4 —0—5 —W—@6 —W—g] —A—@8 —+—¢9 —+—ol0 @11

Fig. 8. Graphic dependences of the rotation angles of the mech-
anism links on the rotation angle of crank 1

100
80
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Fig. 9. Graphical dependences of the angular velocities of the
mechanism links on the angle of rotation of crank 1

1/5°

Angular accelerations of links,

Angle of rotation of the crank 1, degrees

——c4 —O—c5 —W—cl6 —B—g] —h—e8 —d—g9 —el0 ell

Fig. 10. Graphical dependences of angular accelerations of the
mechanism links on the angle of rotation of crank 1

Table 5
The results of the kinematic study of the mechanism
Angular The value Angular The amount
Link speed ofangular | acceleration | ©f angular
number | parameter velocity parameter acceleration
designation 5! designation 52
4 o 71.6 & 4,006.9
5 s 26.1 €5 13,876.3
6 o 111 € -10,476.9
7 ®; 38.7 € —4,525.0
8 o 17.6 £ -2,834.8
9 [0 -16.9 € —1,768.1
10 o -1.4 €10 -922.9
11 o 12.8 g 1,659.9
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movement, which will contribute to the improvement of the
conditions for the execution of the technological process. Ac-
cording to the cyclogram of the machine operation, the stop of
the working body should take place during the time period
corresponding to the rotation of the crank / (Fig. 1) by angles
from 145 to 180 degrees, which are measured from the hori-
zontal coordinate axis O,X opposite clockwise direction.

According to the results of the research given in Table 5
and Fig. 11, it is seen that the absolute suspension of the rock-
er arm /7 and, accordingly, the working body of the mecha-
nism is not observed for the period of time required by the
technological requirements, and its angular velocity during
this time changes and has a minimum value that corresponds
to the rotation angle of the crank I of approximately 165 de-
grees. From the structural diagram (Fig. 1), it is seen that the
movement of the rocker arm /7 is determined by the connect-
ing rod 7, which has the appearance of a complex link. Move-
ment of its two kinematic pairs B and C, whose trajectories
have the form of closed curves of the second order (Fig. 7) that
should ensure the suspension of the third pair D and lead to the
suspension of point M in the required time period. In turn, the
movement of kinematic pairs B and Cis the result of the move-
ment of connecting rods 4 and §, which are driven on one side
by crank /, and on the other — by cranks 2, 3 using, respec-
tively, connecting rods 5 and 6.

It became necessary to model and analyze the influence of
the movement of each of the three driving cranks on the pos-
sible suspension of the rocker arm /7 together with the ma-
chine’s working body. The results of such studies are shown in
Fig. 11, where graphical dependences of the movement of
point M depending on the position of the crank / are present-
ed under the condition that the values of the angular velocities
of some driving cranks will change while the values of the an-
gular velocities of the others remain unchanged.

Angular velocities of cranks 2 and 3 varied modulo from
100 to 300 s™' (with the step100 s™') under the condition of
constant angular velocity of crank 7 (100 s™!), while the “nega-
tive” sign corresponds to the direction of movement crank,
which coincides with the direction of clockwise movement.

From the analysis of the obtained study results, we con-
clude that that the best of the options for the conditions of the
idle working body of the technological machine, which corre-

sponds to the rotation of crank 1 to an angle of 145 to 180 de-
grees for a mechanism with a structural group of links of the
third class of the fourth order and three leading cranks 1-3 is
observed if they have, respectively, the following angular ve-
locities: 100, =300, 300 s'. The obtained results do not coin-
cide with those used on this type of equipment; therefore, it is
necessary to improve the drive of the technological equip-
ment, which would allow to increase the angular speed of the
crank 2 of the mechanism by 33 %.

Conclusions. A kinematic analysis was performed for a flat
complex mechanism with a structural group of links of the
third class of the fourth order, which is used in this machine
under the condition that the working body is stationary to en-
sure the process. With the help of mathematical models de-
scribing the functions of the position, velocities and accelera-
tions of moving driven links and vector algebra methods in the
environment of Mathcad mathematical modeling, the values
of the kinematic parameters of all links of the third-class
mechanism with three leading cranks were obtained in numer-
ical and graphical forms.

From the analysis of the obtained research results for the
cycle of the mechanism, the reason for the incomplete stop of
the link was found, which ensures the working body of the
mechanism to stand still for the period of time required by
technological requirements. In order to improve the techno-
logical conditions of the interaction of the working bodies of
the technological machine and increase the reliability of its
operation, recommendations were made for the improvement
of the drive of the technological equipment, which would al-
low increasing the angular speed of the second crank of the
mechanism by 33 %, which would make it possible to create
optimal conditions of the technological working body of the
machine, which must take place during the period of time of
turning the first crank to an angle of 145 to 180 degrees.
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AHaJi3 MexaHi3My TPeThOro KJacy MeToI0M
MOJIeJIIOBAHHS Y TIPOTPAMHOMY CepeaOoBHUII
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1 — KwuiBcbkuil HalliOHaJIbHUI YHIBEpCUTET TEXHOJOTIN Ta
nuzainy, M. Kuis, Ykpaina

2 — Binkputuii MixkHApOJIHWI YHIBEPCUTET PO3BUTKY JTIOAU-
HU «YKpaiHa», M. KuiB, Ykpaina
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Merta. BukoHaTty KiHEeMaTUYHMU aHali3 CKJIATHOTO
IUIOCKOTO JIBAaHAILISITUJIAHKOBOIO IIAPHIPHOTO MeXaHi3My i3
TpbOMa BeIyYMMU JIAHKAMU, OCHOBOIO SIKOTO € CTPYKTypHa
rpyna JJaHOK TPEThOTO Kjacy 4eTBEpTOro IMOpSIAKY 3 o0ep-
TaJTbHUMU KiHEMAaTUYHUMM TIapaMU, 110 3aCTOCOBYETHCS B
TEXHOJIOTIYHOMY OOJIaHAHHI.

Metonuka. KinemaTuuHe 10CIiIKeHHS MTIOCKOTO CKJIa-
HOTO MEXaHi3My TPeThOro KJjacy i3 TpboMa Beay4MMU JIaHKa-
MM BUKOHAHO 3 BMKOPUCTAHHSIM METOMY MAaTeMaTUYHOTO
MOJIETIOBaHHS y TIporpaMHoOMY cepenoBulili Mathcad.

Pe3ynbTaT. 3a JOITIOMOTOI0 METOLY MAaTeMaTUYHOTO
MOJIEJIIOBAaHHSI MeXaHi3M OyJ0 TIpeaCTaBICHO Y BUIJISII
BUIBHMX BEKTOPiB, 110 MOOYyIOBaHi Ha MOro JlaHKax, IJIs
SIKWX, 3 ypaXyBaHHSIM HasIBHOCTI TPbOX BEAYYUX JIAHOK,
OyJ0 BUIIJIGHO TPU BEKTOPHI KOHTYpH, IO IO3BOJIMIIO
CKJIACTU CUCTEMU BEKTOPHUX PiBHSIHbB iX 3aMKHYTOCTI 3 TTO-
IaJbIIM PO3B’SI3yBaHHAM YHCEJIBHUM METOIOM Y IPO-
rpaMHOMYy cepenoBuilli Mathcad. Otpumani yHKIIIT KyTiB
ITOBOPOTY JJAHOK MEXaHi3MYy, iX KyTOBHUX IIBUIKOCTEH i TpH-
CKOpEHb B aHAJIITUYHOMY Ta rpadiyHOMY BUIJISIIL B 3aJ1€K-
HOCTI BiIl KyTa IOBOPOTY MEPIIOTO BEAyYOro KPUBOIIMIIA
MeXaHi3My, BUKOHaHO PO3PaXyHOK KYTOBUX IIBUAKOCTEH i
MMPUCKOPEHB YCiX BeICHNUX JJAHOK MEXaHi3My.

Haykosa HoBu3Ha. Po3po0JieHa Moc/inoBHICTh i BUKOHA-
He KiHeMaTU4YHEe TOCIIIKeHHS CKJIaIHOTO TIJIOCKOTO MeXa-
Hi3My TPEThOTO KJIacy i3 TpbOMa BeIyYMMU JJaHKAMU, OCHO-
BOIO SIKOTO € CTPYKTypHA TpyIia JIJAHOK TPEThOTO KJIacy 4eT-
BEpPTOTro MOpsiAKy. BUKOHaHe cxeMOTeXHiYHE MOJIETIOBaHHS
MEXaHi3My i3 TpbOMa BeAyYMMU JIaHKaMM, ITOOYIOBaHO Tpa-
ik Bizyauizalii 1oro KiHeMaTUYHOI CXeMU Ta OTPUMAHO Hili-
CHUIA 11 BapiaHT CKJIaJaHHS i3 0araTbOX MOXJIUBUX, IS SIKO-
ro BU3HAUYEHi BEJIWYMHU KiHEMAaTMUYHUX MapaMeTpiB ycix
0TO JTAHOK.

IIpakTuyna 3HauumicTh. [IpoBeneHo aHasi3 BIJIMBY Ki-
HEMaTUYHUX MTapaMeTpiB TPhOX BEAYYMX JAHOK MEXaHiZMy
TPETHOIO KJIacy Ha pyX poOOYOro opraHy TeXHOJOTiYHOTO
o0siaHaHHA. 3 aHali3y OTPUMAHUX Pe3yJbTaTiB dOCIHi-
J>KEHHSI 32 IIMKJI poOOTU MeXaHi3My BUsIBJIeHA TPUUYMHA HE
ITOBHOI TEXHOJIOTiYHOT 3yMUHKM JIAHKW, IO TTOBUHHA 3a-
Oe3reuyyBaT poOOYOMY OpraHy MalllMHU BUCTIN y HEOOXiI-
HUIi 32 BUMOramu nepion yacy. HagaHi pekomeHalii momao
YCYHEHHSI BUSIBJICHOT'O HEIOJIIKY Ta MPOTO3Ullii po Heo0-
XiIHICTh TTPOBEJCHHS YIOCKOHAJICHHS ITIPUBOIY JAHOTO 00-
JIaTHAHHSI.

KutouoBi cioBa: mexarnizm mpemuvoeo kaacy, KineMamuvHuil
aHaniz Mmexamizmy, komn romepre modearosanus Mathcad, kine-
mamuuHe 00CAi0NCeH s
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