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ANALYSIS OF FOURTH-GRADE FLAT MACHINES WITH
MOVABLE CLOSE-CYCLE FORMED BY THE RODS
AND TWO COMPLEX LINKS

C.O. Kowenv, I''B. Kowenb. Anani3 NJIOCKMX MeXaHi3MiB 4eTBEPTOro KJacy 3 PyXOMHM 3aMKHEHMM KOHTYPOM, YTBOPEHHM
IIATYHAMH i ABOMA cKJIagHHMH jJaHkamu. CxiagHi 6aratonaHkoBi IUIOCKI MEXaHi3MH BCE YacTillle 3aCTOCOBYIOTHCSI B TEXHOJIOTIYHOMY
obnagHaHHI JIETKOI IPOMMCIIOBOCTI. BiICyTHICTH YyHIBEepCabHOIO cIoco0y KiHEMAaTHYHOTO MOCHTIIKEHHS TaKHX MEXaHi3MIiB 3yMOBIIOE
aKTyaJIbHICTh POOIT 3 KIHEeMaTHYHOTO aHaJIi3y 0araTolaHKOBUX MeXaHi3MiB. Mema: MeToio poOOTH € po3poOKa aNropUTMy KiHEeMaTHIHOTO
JIOCHIJUKEHHS MIBUAKOCTEH TOYOK, IO CITIBIANAIOTh 3 TECOMETPUYHUMH LEHTPAMH KiHEMAaTHYHUX Nap CTPYKTYPHOI IPYHH YETBEPTOro Kiacy
TPETHOrO MOPSIIKY 3 PYXOMHM 3aMKHEHHM KOHTYPOM, YTBOPEHHM IIATYHaMH 1 ABOMa CKJIAJHUMH JaHKaMu. Mamepianu i memoou: J{ns
JIOCATHEHHSI METH JIOCII/DKEHHSI BUKOPHCTAHO Ipad)0aHAITHIHAN METOX KiHEMaTHIHOTO JIOCIipKeHHs. Po3poOka anroputmy Oa3yeTbest Ha
MOJIOKEHHSIX TEOpil MEXaHi3MiB i MAlIMH MPO BIACTHBICTh MEXaHI3MIB BHIIMX KJIACiB 3MIHIOBATH KJIAC B 3aJICXKHOCTI Bl YMOBHO 0OpaHOro
IHIIIOTO MO>KJIMBOTO ITOYAaTKOBOTO MEXaHi3My, IO BXOJHUTH O CKJIATy BEACHUX CTPYKTYPHUX TPYII JIAHOK MEXaHi3My, i IOJIOKEHHSX Teope-
THUYHOI MEXaHIKU 1[0 MHTTEBOTO IIEHTPa MBUAKOCTEH. Pe3yrbmamu: Bu3HaueHO BEKTOPH MIBUIKOCTEH TOYOK JIAHOK Ipymu Accypa 4-ro
Kiacy 3-ro HOpsAKY CKJIaJHOTO INIOCKOrO MeXaHi3My rpa)oaHaliTHYHHM METOAOM, B SIKOMY YMOBHO 3MIHCHO MOYAaTKOBUH MEXaHi3M, IO
IPYBEJIO IO 3MEHIIECHHS KJIACY MEXaHi3My 1 JO3BOJIMIO JOCHIIUTH #oro. Ha BinMiHy Bij BiZOMOro METORY IIOMIJIKOBHX ITOJIOXKEHb, SIKHH
3aCTOCOBYETBCS VISl IOCIII[DKEHHS CTPYKTYPHHX TPyl 3-TO Kiacy, 3alpONOHOBAHUH aJTOPUTM KiHEMAaTHYHOTO aHaJli3y JO3BOJISIE TOCIIAUTH
MexaHi3MH 4-ro kiacy 0e3 HeoOXigHOCTI nmepeOynoByBaHHS IUIaHy, KW OyB MoOyJOBaHWI B HEBU3HAYEHOMY MaciiTadi, 3 MOAAIbLIMM
PO3paxyHKOM JiHCHOrO MacmTabHOro apameTpa BUKOHaHOI rpadidHoi o0y 0BH.

Knrouosi crosa: MexaHi3M; KIHEeMaTHYHE JOCTIJUKEHHS, BEKTOP IIBHIKOCTI, TJIaH IIBHIKOCTEH.

S.0. Koshel, G.V. Koshel. Analysis of fourth-grade flat machines with movable close-cycle formed by the rods and two complex
links. Complex multielement mechanisms are increasingly used in the technical equipment of consumer industry. The lack of a universal
method of kinematic research of these mechanisms asserts the relevance of work on the kinematic analysis of multielement mechanisms.
Aim: The aim of this research is to develop an algorithm kinetic research of velocities of the points that coincide with geometric centers
kinematic pairs of structure group of the 4™ class and 3" order with movable close-cycle formed by connecting rod and two complex links.
Materials and Methods: The graphic-analytical method of a kinematic research will be used to achieve the goals of research. Development
of an algorithm is based on provisions of the theory of mechanisms and engines about property of high classes mechanisms to change its
class depending on another possible initial mechanism chosen conditionally which comes to structure of the conducted structural groups of
the mechanism links and provisions of theoretical mechanics relatively to instantaneous center of speeds. Results: Velocity vectors of points
of Assur group links of the 4™ class and 3" order of the composite flat mechanism are determined by a graphic-analytical method, where the
initial mechanism speeds that led to decrease of a class of the mechanism and allowed to investigate it. Unlike the known erroneous state-
ments method which is applied to research the structural groups of the 3™ class, the offered algorithm of the kinematic analysis allows to
investigate mechanisms of the 4" class without need to rebuild the plan which was constructed in a uncertain scale, with the subsequent
calculation of the real scale parameter of provided plotting of a graph.

Keywords: mechanism, kinematic research, velocity vector, plan of the velocity vectors.

Introduction. Improving of existing technology equipment of light industry and design of new
machines connected with efficiency of existing analysis methods for structural group of planar mecha-
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nisms links, of which the last composed. The methods of investigation of dyads are the most effective
today. Enough known the analyze methods of structural group to which four links enter. They form the
3" class and 3™ order groups or 4" class and 2™ order groups, on the base of which you can structural
synthesize the mechanisms of the relevant class.

On the one hand the structural group with six structural links have used or have significant
prospects of application in machinery of technological equipment in light industry, on the other — the
appropriateness (effectiveness) of their use is not theoretically justified because there is no known
method for their kinematic and dynamic researches. This is due to the variety of structural groups that
may be formed by six links and nine kinematic pairs.

Imperfection in methods of analysis of such structural groups is a factor of deterrence of their use
in technological equipment.

Last decades significant number of publications devoted to the practical use of planar complex
mechanisms, which class is at least four, a well as the questions of theoretical research of structural,
kinematic and dynamic parameters.

Application of multilink structural groups in specific mechanisms is protected by patents for utili-
ty model [1...3]. The issue of a theoretical analysis of the upper class mechanisms, including mecha-
nisms for light industry equipment, there are several works dedicated [5...9].

Tasks of kinematic research of complex flat mechanisms remain relevant because in each case,
according to the class of mechanism, it is necessary to develop a new algorithm which combines
several methods of kinematic analysis. Universal way to research of such complex mechanisms of
fourth and higher classes does not exist at present time.

The aim of this research is to develop an algorithm kinetic research of velocities of the points
that coincide with geometric centers kinematic pairs of structure group of the 4™ class and 3" order
with movable close-cycle formed by connecting rod and two complex links.

Materials and Methods. The graphic-analytical method of a kinematic research will be used to
achieve the goals of research. Development of an algorithm is based on provisions of the theory of
mechanisms and engines about property of high classes mechanisms to change its class depending on
another possible initial mechanism chosen conditionally which comes to structure of the conducted
structural groups of the mechanism links and provisions of theoretical mechanics relatively to
instantaneous center of velocity (ICV).

Let us consider the complex plane joint-lever mechanism of fourth class (Fig. 1).

The initial mechanism (links 0, 1) with Assur group of the 4™ class and 3™ order, which includes
the set of six links 2...7 (n = 6) with nine kinematic pairs of 5" class — A, B,C, D, E, L, K, M, N
(ps = 9) — forming the mechanism of the 4™ class with degree of freedom 1 by Chebyshev formula
(mechanism with a driving crank):

W=3n-2p;—p,.
Structure formula of the complex mechanism that examines is
1™ class (links 0, 1) — 4™ class 3 order (links 2...7).

The structural feature of the mechanism is the presence of variable form closed circuit, formed by
four connecting rods BD, BC, DE, the EC, two of which — BD and EC — located opposite each other
and have the form of complex links, forming with other parts three kinematic pairs, but rod 5 bears the
four elements of kinematic pairs.

To perform the kinematic analysis of the mechanism using known methods of study of 3™ class
complex mechanisms by graphic-analytical method is not possible. This is due to the fact that the
connecting rod 2 which is directly connected to the crank 1 on the other side there are two rods 3, 4
attached, and their kinematic parameters and trajectory points are unknown.

Input parameters for kinematic study of the mechanism is the angular velocity of the crank 1
(®; = const, s™) and the scale of the length (K1, m/mm) of the mechanism kinematic scheme.

In [10] it was shown that the mechanisms of the upper classes have a structural property to
change (decrease) the class provided by the replacement of primary mechanism for other possible first
class mechanism.
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If review the set of links 0, 7 as initial, the mechanism takes the form of 3™ class with structure
formula

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

If another possible initial mechanism is choose as a first class mechanism such as set of links 0, 6
then general view of the structure formula remains unchanged, and links 5, 7 will form the Assur
group of the 2™ class in the formula.

Conventionally on the size and direction we set the angular velocity ®; of rocker 7 as a link,
which, according to the formula of mechanism structure is the second conventionally possible leading
link of the mechanism. On the plan of the mechanism

velocity vector draw Pl vector of any length along
perpendicular to the line ML. For definiteness the
direction of angular velocity ®; we set clockwise.
Compose a system of vector equations for determining
of point K velocity:

Vo=V, +V,,

O, ey

Vi =Vy + Vi
Let solve a system of equations and indicate Pk
vector on the plan. In case of origin of L, K, C, E points
to a complex link 5 and according to the theorem of
similarity determine the position of points e, ¢ and

velocity vectors VE, \7C on the plane of velocity.

Note that to simplify the calculations, we can
assume that the points L, K, C, E belonging to one link 5,
which moves planar. The direction of the velocity vectors
of points K, L is given by the kinematic scheme of the

mechanism therefore vectors \7K, VL directed along

perpendiculars to the NK and ML directions respectively.
Based on these conditions we determine the posi-
tion of the Ps— ICV of rod 5 as the point of intersection
of continued axial lines of NK and ML links.
According to the theorem of determining the IX N
velocity points of the body, which has a planar :0a_~ % #
movement we set on the velocity plan the length of one i

point velocity vector (for example, point L). oA/ 1B¢/

The velocity vectors of the other three points are :
proportional to the distance from them to the point Ps. Fig. 1. Kinematic scheme and plan of the
Vectors of L, K, C, E points directed perpendicularly to  velocity vectors of the 4™ class mechanism:
the segments that connecting them with ICV of links 5. 0 —riser, 1 —host link, 2...5 —rods,
In fact, the instantaneous angular velocity of the 6, 7 —rocker
connecting rod 5 around ICV of this link can be set
conventionally.

A further solution is to choose the length of the velocity vector VA of point A such that satisfies
the condition of arbitrarily assumed value of the angular velocity of the connecting rod 5. Velocity
\7A 1 OA directed toward the direction given angular velocity ®; of mechanism link 1 and line of

possible real a point positions on velocity plan is the line that drawn through the pole P in a direction
perpendicular to the crank OA.
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Set possible position of the point a; and solve a system of vector equations for determining the
position of the other two points b, and d, on the plan:
V, =V 4V, iV, =V, +V, o
VD = VA + VD;A ;VD = ‘73 + ‘70;3 ’

where relative velocities vectors are perpendicular to respective instantaneous radii rotation.
Analysis of the position of the d; allows stating that the position of point @, on the plan was not
chosen correctly, because the received position of the d; does not match the vector equation

‘70 :VE +‘7D;E > 3).

from which point d; must be on the line, which is drown through the point e perpendicularly to the
segment DE.

Similarly, define the position of the d, for another arbitrarily selected point a, on the plan.

As in the previous case, the position of the a, defined incorrectly. The actual position of the point
a is on crossing the line, based on the plan according to the vector equation (3) and lines d,d,. Under
the system of vector equations (2) determine the actual position of the points b and d on the plan.

Results. The resulting plan of velocity is a graphic display of velocity vectors of linear point
velocities of fourth class mechanism, constructed from the pole in an uncertain scale. In case of
specified size of links and the angular velocity of the actual leading link to calculate the scale is easy.

Note, that unlike the known erroneous statements method which is applied to research the
structural groups of the 3™ class, the offered algorithm of the kinematic analysis allows to investigate
mechanisms of the 4™ class without need to rebuild the plan which was constructed in a uncertain
scale, with the subsequent calculation of the real scale parameter of provided plotting of a graph.

Conclusions. It was developed the algorithm for kinematic study of points velocities of the
fourth class mechanism with the mobile closed circuit that formed by connecting rods and two
complex links that is based on structural properties of higher class mechanisms to reduce class on the
condition of other possible initial mechanism choice.

The proposed algorithm allows perform the kinematic analysis of complex mechanism on condition
of graphic scale optimization of research constructions. In addition, the algorithm of kinematic analysis
can be recommended for similar studies of complex planar mechanisms fourth and upper classes.
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