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ANALYSIS FLAT MECHANISM OF THE FOURTH CLASS
WITH A MOVING CLOSED LOOP
AND THREE COMPLEX LINKS

C. Kowens, I Kowens. AHaJI3 INIOCKOTO MeXaHi3My 4YeTBepPTOro Kjacy 3 PyXOMHMM 3aMKHEHMM KOHTYPOM Ta TpbOMa
CKJIAJIHUMH JIAHKaMH. JOCTiKCHHS CKJIAJHHX CTPYKTYPHHX IPYIl JaHOK IUIOCKMX MEXaHi3MIB [J03BOJISIE BIOCKOHATIOBATH ICHYyHOYE
TEXHOJIOTiYHEe O0JIaAHAHHS Ta IPOCKTYBAaTH HOBI MAIlIMHM, B SKHX 32 JOIOMOIOK MEXaHI3MiB Ha OCHOBI CTPYKTYpPHHX IPYIl YETBEPTOrO Ta
BHIIE KJIACiB MOXke OyTH 3a0e3leueHO BUKOHAHHS 1HHOBALIHHUX TEXHOJIOTTYHHUX MPOLeciB BUpOOHUITBA. KiHeMaTHYHMI aHaNi3 CKIaJIHUX
IUIOCKMX MEXaHi3MIB YeTBEPTOr0 Ta BHIIEC KJIACIB 3 ypaxXyBaHHSAM IHIMBIQyaJbHHUX MIiAXONIB IIO O iX JOCHIKeHb, OE3yMOBHO, €
aKTyaJIbHUMH, a 3aCTOCYBaHHS TaKMX MEXaHI3MiB BCE 4YaCTilIe CIIOCTEPIraeThCcs B Cy4aCHOMY OOJIaHaHHI, 10 3a0e3rnedye BHKOHAHHS
TEXHOJIOTIYHUX IPOLECIB HA MIANPHEMCTBAX iHAYCTpii Momu. B poboTi po3pobieHa MOCHITOBHICTh il Ul 3HAXOMKEHHS BEKTOPIB
IIBUAKOCTEH TOYOK MEXaHi3My 4ETBEPTOro KJIacy 3 PyXOMHUM 3aMKHEHUM KOHTYPOM, SIKUH YTBOPEHU YOTHPMA JIAHKAMH, TPH 3 SIKUX MAIOTh
BUIISA CKJIA[HUX JAaHOK. BH3HaueHO JiHIMHI BEKTOPH MIBHAKOCTEH TOYOK, IO CHIBIAJAIOTh 3 TEOMETPHYHUMH LIEHTPAMH KiHEMAaTHYHUX
Iap CTPYKTYPHOI IPYIHU JIAHOK YETBEPTOTO KJIACY TPETHOTO MOPSAKY IUIOCKOTO MEXaHi3My, B SIKOMY YMOBHO 3pOOJICHO 3MiHYy ITOYaTKOBOTO
MeXaHi3My Ha iHIIUHA CTPYKTYPHO MOJIUBHHU. [IJIs MpoBeeHHs KiIHEMAaTHYHOTO aHAII3y MEXaHi3My 3allpOIIOHOBAHO YPaXOBYBAaTH HASIBHICTb
CKJIaJJHUX JIAHOK B HOTO CTPYKTYpi, @ CaMe CTPYKTYpHY OCOOJIMBICTH YTBOPEHHS IMOCIHIJOBHOTO 3’€JJHAaHHS TPHOX JAHOK B KiHEMAaTHYHUI
JIAHIIOT THIY «KOPOMHCIIO — IIATYH — KOPOMHUCIION», IO JO3BOJIMIIO BU3HAYHUTH MOJIOKEHHS MUTTEBOTO LIEHTPY IIBHIKOCTEH JIAHKH, SIKa Mae
IUIOCKO TapajenbHuil pyX. YMOBHE 0oOepTaHHs iHIIOI yMOBHO BeQy4ol JTaHKH HABKOJIO TAKOTO MUTTEBOTO LCHTPY OOCPTAaHHS JO3BOJIIIO
cnpocTUTH rpadiyHi moOyJOBH JIOCHIDKEHHS. 3aCTOCyBaHHS IpadoaHaiTHYHOrO METONYy MAO3BOJIMIO BHUKOHATH BEKTOpHI rpadivsi
oOyIOBH B JIOBUIBHO 0OpaHOMY MacIuTadi Il BCBOTO MEXaHi3My, a IO iX 3aBepIICHHIO BUKOHATH YTOYHIOIOYI PO3paXyHKH MaciuTady
MEBHOT BEKTOPHOI OOY/I0BHU.

Knouosi cnosa’ KiHeMaTHYHE TOCIIHKEHHS, KIHEMaTUYHUI aHaJli3, BEKTOP IBHIKOCTI, IJ1aH IIBUAKOCTEH

S. Koshel, G. Koshel. Analysis flat mechanism of the fourth class with a moving closed loop and three complex links. The study
of complex structural groups of links of flat mechanisms allows to improve the existing technological equipment and design new machines.
Such mechanisms, based on structural groups of the fourth and higher classes, can ensure the implementation of innovative technological
processes of production. Kinematic studies of complex flat mechanisms of the fourth class and higher are certainly relevant, if we take into
account the individual approach to their research. The use of such mechanisms is increasingly observed in modern equipment that ensures the
execution of technological processes at enterprises of the fashion industry. The work developed a sequence of actions for finding the velocity
vectors of the points of the fourth-class mechanism with a moving closed loop, which is formed by four links, three of which have the form
of complex links, is developed. The linear vectors of the velocities of the points coinciding with the geometric centers of the kinematic pairs
of the structural group of links of the fourth class of the third order were determined. We conditionally changed the input mechanism to
another structurally possible in a flat mechanism. The research was carried out using the graph-analytical method. In order to carry out a
kinematic analysis of the mechanism, it is proposed to take into account the presence of complex links in its structure, namely the structural
feature of the formation of a sequential connection of three links in a kinematic chain of the type “rocker arm — connecting rod — rocker arm”.
This made it possible to determine the position of the instantaneous center of velocity of the link, which has plane-parallel motion.
Conditional rotation of another conditionally leading link around such an instantaneous center of rotation made it possible to simplify the
graphic constructions of the study. The application of the graph-analytical method made it possible to perform vector graphic constructions
in an arbitrarily chosen scale for the entire mechanism, and after their completion, to perform detailed calculations of the scale of a certain
vector construction.

Keywords: kinematic research, kinematic analysis, velocity vector, velocity plan

Introduction

The study of complex structural groups of links of flat mechanisms allows to improve the exist-
ing technological equipment for enterprises of the fashion industry and to design new machines. In
them, with the help of mechanisms based on structural groups of the fourth and higher classes, it is
possible to ensure the implementation of innovative technological processes of production.

At the moment, the most developed methods are the research of structural groups of links, which
include two moving links and three kinematic pairs. There are methods that allow for the analysis of
structural groups of links, in which there are four moving links and six kinematic pairs as part of
mechanisms of the third class. As for mechanisms of the fourth class based on such structural groups,
it is possible to structurally consider such mechanisms conditionally as mechanisms of the third class.
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For example, when conducting research using the graphoanalytic method, which allows you to start
research in the form of vector graphic constructions on an arbitrarily chosen scale, after completing the
vector construction for the entire mechanism, perform detailed calculations of the scales of certain
vector constructions. It is not possible to perform the analysis in such a sequence using an analytical
method. The reason is that for the analytical calculation of the kinematic parameters of the mechanism,
it is necessary to compile a research algorithm so that the solution of the problem is based on parame-
ters that are known or on those that are previously determined or calculated.

Based on structural groups of links, which include six links and nine kinematic pairs, a signifi-
cant number of variants of complex flat mechanisms can be synthesized. For example, the mechanism
of the third class with two complex links, the mechanisms of the fourth class with three and four com-
plex links, the mechanisms of the fifth and sixth classes with three complex links, etc.

Such mechanisms, on the one hand, do not have well-known methods of kinematic research and
require the development of an individual sequence of analysis in each individual case. On the other
hand, they have significant prospects for application in the mechanisms of technological equipment
because they can ensure the movement of the working bodies of machines along complex trajectories
and laws of motion.

Analysis of basic research and publications

Mechanical technologies nowadays have a new level of development, which is connected with
the use of mechatronic systems in modern manufacturing processes and individual machines. Innova-
tions in technologies are impossible without complex mechanisms and their comprehensive analyses.
Unfortunately, at the moment there is a problem of insufficient study of issues related to the research
of complex mechanisms with structural groups of links of the fourth and higher grades due to the rela-
tive complexity of their implementation and the lack of their required number. The relevance of the
problems of kinematic analysis of mechanisms is indirectly confirmed by a significant number of pub-
lications in recent years, which are devoted to the research of complex mechanisms of higher classes.
Thus, classical issues of structural and kinematic research of mechanisms are given attention in a
number of works. Some consider the issue of synthesis of mechanisms [1, 2], while in works [3, 4] the
synthesis is performed according to certain given kinematic parameters, in others - kinematic analysis
is carried out [5, 6], and in works [7, 8] for kinematic research, graphic research methods. Work [9]
provides a kinetostatic calculation of a complex mechanism of fashion industry equipment, and work
[10] is devoted to the study of the mechanism of the fourth class. In paper [11], the issues of research
of a complex seven-link mechanism are considered, and in paper [12] — a mechanism with the pres-
ence of a closed loop in its structure.

The aim of the study

The purpose of the work is to develop sequences of actions for the kinematic study of the veloci-
ties of the points of a flat mechanism with a moving closed circuit, which is formed by four links,
three of which have the form of complex links. The points that coincide with the geometric centers of
the kinematic pairs of the structural group of the fourth class of the third order are subject to investiga-
tion. The analysis of the mechanism must be carried out by the grapho-analytical method, taking into
account the provisions of the theory of mechanisms and machines course on the property of mecha-
nisms to change their class depending on the conditionally se-
lected leading link, which is part of the driven structural groups
of the mechanism links.

Presentation of the main material

In Fig. 1 presents a complex planar hinge-lever mechanism
of the fourth class, which consists of a crank / connected to a
riser 0 and other driven links 2— 7, among which links 2, 3, 5, 6
have plane-parallel movement, and links 4, 7 — rotary.

The mechanism of the first class (set of links 0, /) together
with the structural group of links of the fourth class of the third
order, which includes six links 2—7 and nine kinematic pairs of
the fifth class A, B, D, Os, C, K, E, M, O, form a mechanism of
the fourth class with one degree of mobility in relation to the
fixed body, that is, a mechanism with one driving crank. The Fig. 1. Kinematic scheme of the
formula of the structure of the mechanism takes the form: mechanism
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1 class (links 0, 1) — 4 class 3 order (links 2-7).

The presence of variable geometry of the closed circuit C, D, E, K is a structural feature of the
mechanism. The contour is formed by the rocker arm DE and three connecting rods CD, CK, EK, two
of which CD and EK have the form of complex links and are located opposite each other (connecting
rod 3 forms three kinematic pairs with other links, two of which are created with other connecting rods
2 and 5, and the third — with rocker arm 4, connecting rod 6 carries three elements of kinematic pairs,
two of which take part in the formation of pairs with two different rocker arms 4 and 7, and the third —
with connecting rod 5).

The problem that arises during the kinematic analysis of such a mechanism by a graph analytical
method is that it is not possible to carry out research using well-known methods of analysis of com-
plex mechanisms of the third class. This is due to the fact that connecting rod 2, on the one hand, is
directly connected to crank 1 by a kinematic pair A (that is, the kinematic parameters of point A are
known), and on the other hand, it is connected to connecting rod 3, which in turn is connected to two it
is connected by kinematic pairs to two more moving links (to connecting rod 5 and rocker arm 4, re-
spectively, by kinematic pairs C and D), the kinematic parameters of which are unknown.

The given parameters for the kinematic analysis of the mechanism of the fourth class are the an-
gular velocity of the driving link 1 (c;=const, ¢™*) and the length scale (K;, m/mm), in which the kine-
matic diagram of the mechanism is constructed.

To conduct a kinematic study, we use the graph analytical method and use the provisions of the
theory of mechanisms and machines courses on kinematic studies of plane mechanisms and theoretical
mechanics, which relate to the study of plane-parallel motion of a rigid body. A structural feature of
complex flat mechanisms is the property of mechanisms of higher classes with one initial mechanism
to change their class under the condition of replacing the driving crank with another conventional
structurally possible one.

If the leading link of the mechanism is conventionally chosen as a complex link 4 or a rocker arm
7, which have fixed axes of rotation determined by kinematic pairs, O; and O,, respectively, then the
mechanism of the fourth class structurally takes the form of a mechanism with structural groups of
links of a smaller class, whose structural formulas have the following view:

1 class (links 0, 4) — 2 class 2 order (links 6, 7) —2 class 2 order—(links 3, 4) —
— 2 class 2 order (links 1, 2);

1 class (links 0, 7) — 2 class 2 order (links 4, 6) —2 class 2 order—(links 3, 5) —
— 2 class 2 order (links 1, 2).

The obtained formulas of the structures of the mechanism of the fourth class with a moving
closed circuit formed by connecting rod 5 and three complex links, two of which are connecting rods 3
and 6 located opposite each other, and the third is rocker arm 4, which connects them, allow us to de-
velop a sequence of actions for further kinematic study of the mechanism and make them more accu-
rate by reducing the class of the mechanism with a conditionally different possible initial mechanism.
From the formulas, we can see that if rockers 4 or 7 are conventionally chosen as cranks, the mecha-
nism of the fourth class conditionally takes the form of a mecha-
nism of the second class, in the structure of which there is one
initial mechanism with a conditionally different possible leading
link, to which three structural groups of the second are sequen-
tially joined class of the second order.

We begin the kinematic study by assuming the motion of a
conditionally different driving link, for example, 4 in magnitude
and direction (that is, we arbitrarily choose the angular velocity
w4 of the double-armed rocker arm 4). For this purpose, on the

velocity plan (Fig. 2) we put a vector Pe (or Pd ) of arbitrary
length, the direction of which coincides with the direction of the
perpendicular to the line O3E (or O3D), while the direction of the
angular velocity o, is chosen arbitrarily, for example, in the di-
Fig. 2. Velocity plan of the rection of clockwise movement. If we first set aside the vec-

mechanism of the fourth class tor Pe, then we build the length of the vector Pd taking into
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account the linear proportionality of the triangles EO3D and ePd, respectively, on the kinematic dia-
gram and the velocity plan.
We compile a system of vector equations to determine the velocity vector of point M:

vy, +Vie .
Vv, vV, ' 1)

0, + M;0,
We graphically solve the system of vector equations (1) and determine the vector Pm on the ve-
locity plane. On the condition that the points E, M, K belong to one complex link 6 and according to
the similarity theorem of the theory of mechanisms and machines course, we determine the position of

the point “k” of the velocity vector V. on the velocity plane. We compile a system of vector equations
to determine the velocity vector of point C:

Ve =V, +Ve, @
Ve =V +Vgy

I
LS

Il
<

We graphically solve the system of vector equations (2) and determine the vector Pc on the ve-
locity plane. We determine the position of point “b” — the end of the velocity vector V on the velocity

plane. To determine the position of point “b”, we apply the condition that points D, C, B belong to
complex link 3, i.e., according to the similarity theorem, triangles DCB and dcs are similar.
We compile a system of vector equations to determine the velocity vector of point A:

V, =V, +V, )
V, =V, +Vio,

The velocity vector V, on the velocity plane allows you to determine the direction of the angular

velocity of link 1, which is the actual crank of the fourth-class mechanism. If the obtained direction
coincides with the direction of rotation of the driving link given by the condition of the study, it means
that the direction of movement of another conditionally possible crank (in the case of our study,
crank 4) was correctly chosen. If the found direction of rotation of the link 1 does not coincide with
the valid specified direction of rotation of the crank 1, it is necessary to repeat the study under the
condition of the rotation of a conditionally different structurally possible crank 4 opposite to the direc-
tion that was previously chosen. In our research case, we have confirmation of the correct selection of
the direction of rotation of the conditionally different crank 4 in the direction of clockwise movement,

because for the obtained direction of the vector V, , the direction of the angular velocity of link 1 coin-

cides in direction with the movement of the leading link of the fourth-class mechanism. The graphic
construction where the vectors of linear velocities of the points that coincide with the centers of the
corresponding kinematic pairs of the mechanism of the fourth class of deposition in a vector form
from one pole is perceived as a plan of velocities built on an indefinite scale. We determine the scale
of the speed plan under the condition of the given dimensions of the links and the given angular veloc-
ity of the actual leading link of the mechanism.

Finally, we note that in order to simplify the kinematic analysis of the fourth-class mechanism
with a moving closed circuit and three complex links, it can be taken into account that the connecting
rod 6, which has the form of a complex link, forms kinematic pairs E and M, respectively, with two

rockers 4 and 7, rotating around the fixed centers of rotation O; and O,. (Fig. 1) Velocity vectors V,

and V,, have directions along the perpendiculars, respectively, to lines EO3; and MO,, therefore, to

determine the position of the instantaneous center of velocity (1.C.V.) of connecting rod 6 (point Pg) it is
necessary from points E and M on the plan position of the mechanism to build perpendiculars to the direc-
tions of these speeds, and in fact — to extend the axial lines of links EO; and MO, to their intersection.
Further kinematic research is carried out for the case of conditional instantaneous rotation of
connecting rod 6 around point P with an arbitrarily chosen angular velocity wg. Therefore, we condi-
tionally specify the value of the linear velocity of point M (the direction of the velocity vector of this
point is directed perpendicular to the segment by which it is connected to point Pg). According to the
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direction of speed V,,, the direction of instantaneous rotation of complex link 6 around I.C.V. will be
counter-clockwise. Determine the magnitude of the angular speed of rotation of link 6 around I.C.V.:
ON =\7M/IPGM , 5™, The lengths of the velocity vectors of the other two points E and K of link 6 will be

proportional to the respective distances of these points to point Ps on the kinematic diagram, and the
direction of the vectors is perpendicular to the segments connecting them to 1.C.V. Based on the simi-

larity of the triangles EOsD and ePd, we determine the length of the velocity vector V,, on the velocity

plan, and with the help of systems of vector equations (2) and (3), we complete the velocity plan (Fig. 2).

Conclusions

A sequence was developed and kinematic analysis was performed using the graph analytic meth-
od to determine the velocity vectors of the points of the fourth-class mechanism with a moving closed
circuit, which is formed by four links, three of which have the form of complex links. It is based on
the property of mechanisms of a higher class to change class under the condition of choosing another
conditionally possible leading link of the mechanism.

It is the presence of three complex links that have a serial connection that made it possible, with
the conditional selection of another structurally possible initial mechanism, to lead the solution of the
problem of kinematic analysis of a complex planar mechanism of the fourth class to the sequential
study of structural groups of links of the second class and to perform such an analysis using the graph
analytic method. The presence of a connecting rod in the structure of the mechanism of the fourth
class in the form of a complex link, in combination with taking into account its kinematic connection
with two different rockers, made it possible to geometrically determine the position of the instantane-
ous center of speeds of the link, which has plane-parallel motion. In addition, the assumption of choos-
ing this link as a leading link, which instantly rotates around it and sets the movement of the mecha-
nism of the fourth class, made it possible to simplify the kinematic study, and in some cases, the anal-
ysis of complex mechanisms of higher classes, to make it possible. Thus, we suggest taking into ac-
count the presence of complex links in the structure of flat mechanisms of higher classes and the na-
ture of their connection when conducting similar studies.
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