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ANALYSIS OF FOURTH CLASS PLANE MECHANISMS WITH
STRUCTURAL GROUPS OF LINKS OF THE SECOND ORDER

C.O. Kowenv, I''B. Kowenv. AHaIi3 IIIOCKHX MeXaHi3MiB 4eTBepTOro Kjacy 3 CTPYKTYPHHMH IpyHaMH JIAHOK JPYroro
nopsiaky. CkiaaHi 0aratonaHkoBi IIIOCKI MEXaHi3MH BCE YACTillle 3aCTOCOBYIOTHCSI B TEXHOJIOTIYHOMY OOJIa{HAHHI JIETKOI IIPOMHUCIIOBOCTI.
BincyTHICTh yHIBEpCAIBLHOIO CIIOCO0Y KIHEMAaTHYHOTO JOCIIKEHHS MEXaHi3MiB YeTBEPTOrO Ta BHINE KJIACIB O3BOJSE CTBEPKYBATH IIPO
aKTyalbHICTh POOIT 3 KIHEMATHYHOIO aHANII3y TaKUX OaraTONaHKOBUX MeXaHi3MiB. MeToro poOoTH € po3poOka MOCHiOBHOCTEH Aill ULt
KiHEMaTHYHOTO JOCIHIDKEHHS IIBUAKOCTE TOYOK JIAHOK CKJIAJHOIO IUIOCKOrO MEXaHi3My 4eTBEPTOro Kjacy 3a JOHNOMOIOI0 CIoco0y, IIo
0a3yeTbCsl Ha IIOJNOXKEHHAX Kypcy TEOpeTHYHa MeXaHika IpO MHTTEBHH IEHTp IIBHAKOCTEH JIAHOK MeXaHi3My, W0 MAaloTh
IUIOCKOTIapaiebHuil pyX. BH3HAaueHO BEKTOpH MIBHIKOCTEH TOYOK JIAHOK CTPYKTYpPHOI TPYNH YETBEPTOro KIacy APYroro IOpSIKY
CKJIAAHOTO IUIOCKOrO MeXaHi3My rpaoaHaliTHYHUM METOIOM, B SKOMYy YMOBHO 3MIiHCHO IOYaTKOBHH MeXaHi3M, IO NPH3BEIO 10
3MEHIIEHHS KJIaCy MeXaHi3My Ta JO3BOJIHIO BUKOHATH HOTO JOCIIiUKSHHS.
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S. Koshel, G. Koshel. Analysis of fourth class plane mechanisms with structural groups of links of the second order. The use of
complex plane mechanisms in processing equipment of consumer industry is increasing. The absence of a general method of kinematic
research of the fourth and higher class mechanisms allows us to accentuate the relevance of work on kinematic analysis of multilink
mechanisms. Purpose of the work is to develop sequence of actions for kinematic research of velocities of the link points of a fourth class
complex plane mechanism using the method based on the provisions of the “Theoretical Mechanics” course on instantaneous velocity center
of links of the mechanism, which have plane-parallel motion. The velocity vectors of link points of the second order fourth class structure
group of complex plane mechanism are analyzed using grapho-analytical method, which provisionally modified initial mechanism has led to
a class reduction of mechanism and allowed to conduct its research.

Keywords: mechanism, kinematic research, the velocity vector, velocity vector diagram

Introduction. The technological processes of modern consumer industry produces certain
criteria according to which the existing equipment of this industry should be improved or new
equipment should be designed in order to ensure the competitiveness of the equipment between the
manufacturers of technological machines. These requirements include: increasing the speed of
processing equipment (increasing the rate speed of the main shaft), expanding the variety of functional
capabilities, increasing interaction accuracy of movable objects of machines, providing complex
trajectories of technology-forming elements of equipment and predetermined laws of motion (in some
cases in order to ensure the technological process implementation there is need for one or two stops of
a certain point of a mechanism at a predetermined time interval and in certain given positions of the
machine motion cycle). The complexity of laws and movements of moving objects of the equipment,
the significant speed necessitate the use of hinged structural groups with high number of links in the
structural and kinematic schemes of machine mechanisms.

Improvement of existing consumer industry technological equipment and the design of new
machines is connected with the perfection of methods of analysis of structural groups of links of plane
mechanisms, out of which the latter are composed. The most developed are research methods of dyads
or two-rail groups.

Methods of analysis of structural groups, to which four links forming a 3 class 3 order group
belong, on the basis of which mechanisms of the corresponding class can be structurally synthesized,
are discovered and well-known.

Structural groups of the fourth or higher class, which consist of four or more links on the one
hand are already in use or have significant perspectives of application in the mechanisms of consumer
industry processing equipment, on the other hand they do not have universal methods of kinematic and
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dynamic research. This is due to variety of structural groups that can be formed with four, six or more
links and a corresponding number of kinematic pairs.

The insufficient development of methods of analyzing such structural groups is a deterrent factor
of their use in technological equipment of the machine-building industries, in particular in consumer
industry engineering.

Analysis of recent research and publications. A considerable number of publications of the last
decades are devoted to practical use and issues of theoretical study of structural, kinematic and
dynamic parameters of plane complex mechanisms of the fourth and higher classes. The use of multi-
level structural link groups in certain mechanisms is protected by utility model patents [1, 2, 3]. A
number of papers are devoted to theoretical analysis of the higher class mechanisms [4, 5, 6, 7], in
particular to the mechanisms of consumer industry equipment [8, 9].

The tasks of the kinematic research of complex plane mechanisms remain relevant because in
each particular case of the upper class mechanism research it is necessary to select and execute an
original sequence of actions, which is caused by the simultaneous application of several methods of
kinematic analysis, while a general method for studying the variety of such complex mechanisms of
the fourth and higher classes does not exist at the present moment.

Purpose of the study. The purpose of the work is to develop sequence of actions for kinematic research
of velocities of points that coincide with the geometric centers of kinematic pairs of the second order fourth
class structural group with a movable closed loop formed by three connecting rods and one rocker arm, based
on provisions of the course of the theory of mechanisms and machines on the structural property of
mechanisms with structural groups to change the class depending on the conditionally selected other possible
initial mechanism, that becomes part of the structure of driven links of the mechanism, provisions on
“singular points” and applies the method of theoretical mechanics course on kinematic study of the material
points mechanical system with instantaneous velocity center (1.V.C.).

Presentation of the main material. Let us consider complex plane articulation linkage of the
fourth class (Figure), that consists of driving link 1, which is connected to a stand-pipe 0 and other
driven links 2...5, among which links 2...4 are connecting rods, 5 — rocker arm. The initial
mechanism (links 0, 1) together with the fourth class second order structural group, which consists of a
set of four links 2...5 (n=5) along with six kinematic pairs of the fifth class A, B, C, D, E, K (ps=6)
form a fourth class mechanism with a degree of freeness equal to 1 according to the Chebyshev
formula: W=3n-2ps—p,, that is form a mechanism with one driving crank. The formula of the complex
mechanism structure that is being studied has the following form:
Aclass (links 0,1) — 4class 2order (links 2...5).

The structural feature of the mechanism is the presence of a shape-variable closed loop B, C, D, E
formed by three connecting rods BC, BD, CE and one rocker arm DE, in which one of the connecting
rods located opposite the rocker arm and the rocker arm itself have the form of complex links
(connecting rod 2 and rocker arm 5 together with other links form 3 kinematic pairs each). It is not
possible to perform a kinematic analysis of the mechanism using known research methods of the third
class complex mechanisms by grapho-analytical method. It is due to the fact that the connecting rod 2,
which is directly attached to the crank 1, is linked to two connecting rods 3, 4 from the other side, the
kinematic parameters of such points and their trajectories are unknown.

The input parameters for kinematic research of the mechanism are the angular velocity of the
crank 1 (a;=const, ¢ ') and the length scale (KI, m/mm) of the kinematic scheme of the mechanism.

Let us use the grapho-analytical method of kinematic research. The problem is solved using
general provisions of the kinematic analysis of mechanisms of the “Theory of Mechanisms and
Machines” course and the provisions of the “Theoretical mechanics” course, in relation to the study of
the plane-parallel motion of a solid body.

The structural property of the higher class mechanisms to switch class under condition of change of
the initial mechanism by another possible conditional mechanism of the first class is taken into account
[10]. It is clear that a case would be useful if such a change led to a reduction in the class of the mechanism.
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The only possible alternative is chosen for the original mechanism — a set of links 0, 5. The mechanism
takes the form of a third class mechanism, the structure of which is described by the following formula:

Aclass (links 0,5) — 3class 3order (links1...4).

K, m=sec/mm LCE "l'l EX

,\...I‘II mm

Fig. Kinematic scheme and velocity vector diagram of the fourth class mechanism

The kinematic research begins when the angular velocity s of the rocker arm 5 is arbitrarily
assigned in magnitude and direction similar to a link, which according to the formula of the structure
of the mechanism is another arbitrarily possible driving link of the mechanism: on the velocity

diagram let us mark vectors Pd of arbitrary length in the direction along the perpendicular to the line
DK, the direction of the angular velocity s is selected arbitrarily, for example clockwise. According
to the similarity theorem, we determine the position of the point “¢” on the velocities diagram. On the
kinematic scheme we define the positions of the “singular points” S; , S, , Ss, as points of paired
crossing of segments: O, A and B, D; C, E-B, D; O, A-C, E. The system of vector equations for
determining the speed of point S, is made up:
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Let us solve the system of equations and find the vector of velocity Ps, on the diagram, which,
using parallel shift, is constructed in the point S, of the position plan of the mechanism. According to
known directions of \7SZ , V, velocity vectors of two points S, and A of the connecting rod 2, we
determine the position of link 2 I.V.C. (point P,), as the point of intersection of perpendiculars to
vectors \7Sz , V., that are constructed from points S,and A respectively.

Then let us use the condition of belonging the points P,, A, B, C to one link 2 having a plane-
parallel motion and the fact that the position of the point P, is found for determining the directions of
velocity vectors V,, V. of points B, C. The vectors V,, V.. are directed along the perpendiculars to
the segments P,,B, and P,,C respectively in the direction of the instantaneous rotational angular
velocity of the connecting rod 2. According to the theorem on determining the velocities of points of a
body having a plane-parallel motion, the lengths of wvelocity vectors on the diagram will be
proportional to the corresponding distances of these points to I1.V.C. link position.

A system of vector equations that allows us to determine the lengths of vectors V., VV, on the
velocity vector diagram based on the constructed velocity vectors of the points E and D is proposed:

Ve =Vg +Vee Vg =V, +Vg 5 @
V. LPC " |V, LPB '

The further solution is to select such length of the velocity vector V, of point A that it satisfies
the condition of the arbitrarily accepted value of the angular velocity of the connecting rod 5. The
velocity V, 1. OA is directed toward the direction of the given angular velocity ; of the actual driving

link of the mechanism, and the line of possible actual positions of the point “a” on the diagram is the
line drawn through the pole P in the direction perpendicular to the center line of the OA link. On the
other hand in order to determine the position of the point “a” on the diagram the following system of

vector equations is offered:
V, =V, +V,.. .
V, =V, +V,, |

where V,. LAC, V,, L BA.

After solving the system of equations (3) we find a vector P, , the point “a” of which is located
on a line passing through the pole P of the velocities diagram and perpendicular to the crank OA in the
direction of the angular velocity o, which confirms the correctness of the problem solution.

The resulting velocity diagram is perceived as a graphical construction where the vectors of
linear velocities of the points of the fourth class second order mechanism are constructed from a pole
at an indefinite scale, which, in terms of the given size of the links and the angular velocity of the
actual driving link, is not difficult to calculate.

It should be noted that in contract with the known method of false assertions, which is used for
similar researches of structural groups of the third class and after obtaining the actual velocity of one
point of the complex link of the structural group requires to rebuild the diagram in order to determine
the actual velocities of all other points of the mechanism, the proposed sequence of kinematic analysis
allows researching the mechanisms of the fourth class without having to rebuild the diagram that was

where V.., L CE, V., LBD.
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built on an indefinite scale, and lets us select the magnitude of linear velocity vector of point A of a
crank followed by calculation of real scale parameter of the completed graphical construction.
Conclusions. The sequence of actions was developed and the kinematic research of velocities of
points of the fourth class mechanism with a movable closed loop formed by three connecting rods and
one rocker arm, two of which are complex links, was carried out based on the structural property of
the higher-order mechanisms to change the class due to the selection of another potential initial
mechanism, which made it possible to perform a kinematic analysis provided that the volume of
graphic constructs of the study is optimized. The proposed sequence of kinematic analysis can be
recommended for similar researches of complex plane mechanisms of the fourth and higher classes.
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