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STRUCTURAL ANALYSIS OF THE MECHANISM WITH
A THIRD-CLASS STRUCTURE GROUP
OF THE FOURTH ORDER

C.O. Kowenv, I''B. Kouweno. CTpyKTypHHI aHAJIi3 MeXaHi3My 3 CTPYKTYPHOIO IPYNOI0 TPeTLOI0 KJacy 4eTBepTOro mopsiaky. B
TEXHOJIOTIYHOMY OOJIaHAHHI JIETKOi IPOMHUCIIOBOCTI 3aB)KIH BHKOPHCTOBYBAIKCS Ta OyIyTh 3aCTOCOBYBATUCS CKJIaIHI OaraTONAHKOBI IUIOCKI
MeXaHI3MH BUIMX KiaciB. [10B’s3aHO Take 31 CKIIAJHICTIO TPAEKTOPiil Ta 3aKOHIB pPyXy pOOOYMX METICYTBOPIOIOYUX OPraHiB TEXHOJIOTIYHOTO
obnaHaHHs Li€l ramy3i BUpOOHULTBA, 0 OYJI0 OM HEMOXKIIMBHM 0€3 MEXaHi3MiB, 0 CKJIALy SKHX HEe HAJXOIHMIM OU IUIOCKI CTPYKTYPHI TPYyIH
JIAHOK BHILMX 32 JPYTHH KJIaC 3a 3arajlbHOBIZIOMOIO TEOpi€ro OylOBM MeXaHi3MiB 3a AccypoM. HOBiTHI T€XHOJOrII, 1110 BUKOPUCTOBYIOTHCS B
BUPOOHHITBAX BHMAraroTh BiJl BUPOOHMKIB OONaJHAHHS 3aCTOCYBaHHS B MAIlMHAX MEXaHI3MIB 31 CTPYKTYPHHMH IpyIaMH JIAHOK TPETHOTO,
YETBEPTOro Ta BHINE KiaciB. MeToan AOCIILKEHHS CTPYKTYPHHX TPYII, 10 SIKHX HAaIXOMITh YOTHPH JAHKH Ta LICTh KIHEMATHYHHX Map, 10
YTBOPIOIOTH CTPYKTYPHI OJMHUII TPETHOTO KJIACY TPETHOTO MOPSIKY ad0 YeTBEPTOro Kiacy IPYroro MOPSAKY, Ha OCHOBI SKHUX CHHTE3YIOTHCS
MeXaHI3MH, BiJIOBIZHO, TPETHOro abo YETBEPTOro KIACIB CHOTOMHI € JOCUTh BiIOMMMH. [HIIA CHTYyallisl CIIOCTEPIraeThCs 3 CTPYKTYPHUMH
rpyHame, yTBOPSHUMH LIICTbMA JIAHKaMH Ta JIeB’sIThbMa KiIHEMAaTHYHMMH [apaMy - BOHH BHKOPHUCTOBYIOTHCS a00 MAlOTh MEBHI MEPCIIEKTUBH
3aCTOCYBaHHS B MallMHAX TEXHOJOTIYHOTO OOJIaJHAHHS JIETKOI MPOMHCIIOBOCTI NPHU YMOBI iX HEJOCTATHBOrO aHaNli3y, IO IIOB’S3aHO 3
BIJICYTHICTIO 3araJIbHOIPUHHATHX METOMIB JOCIIDKEHHS TaKUX IPYI B 3B’5I3KY 31 CKJIAIHICTIO 1X NpoBeJeHHs. MeTor poboTH € HpOBEIeHHS
CTPYKTYPHOIO aHaJi3y MEXaHi3My 3 CTPYKTYPHOIO IDYIOK JIAHOK TPEThOTO KJIACY YETBEPTOrO MOPSIKY 32 JOHOMOIOI0 CIOCO0Y, B SIKOMY
YMOBHO 3MiHIOETBCSI [TOYAaTKOBUI MEXaHI3M, IO NPH3BOIAWTH [0 BH3HAYEHHS TAKOi MOCIIZOBHOCTI JOCIIDKEHHS, VISl SIKOI CIOCTEpIraeThest
3MEHILEHHS KJIacy MEXaHi3My 3 OHOYaCHHM CIIPOILCHHSM {foro mojaibiioro anamisy. [Ipu mpoBeeHHI JaHOTO IOCIIKCHHS BPAaXOBYETBCS
CTPYKTypHa OCOOJIMBICTh MEXaHI3My, a caMe - HassBHICTb TPhOX BEy4HX JJAHOK MEXaHi3My.
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S. Koshel, G. Koshel. Structural analysis of the mechanism with a third-class structure group of the fourth order. The technological
equipment of light industry has always used and will use complex multi-tier flat mechanisms of the upper classes. It is connected with the
complexity of the trajectories and laws of motion of the workers of the loop-forming organs of technological equipment. This would not have
been possible without the flat structural groups of links exceeding the second class in the well-known theory of the structure of mechanisms
according to Assur. The use of the latest technologies in production require from manufacturers of technological equipment such machines that
use mechanisms with structural groups of links of the third, fourth and higher classes. Research methods of structural groups that are formed by
four links and six kinematic pairs, forming structural units of the third class of the third order or the fourth class of the second order are quite well
known today. A different situation is observed with structural groups formed by six links and nine kinematic pairs. Such structural groups of links
are used subject to insufficient analysis. There are no generally accepted methods for studying such groups of links due to the complexity of their
implementation. The aim of the work is to conduct a structural analysis of the mechanism with a structural group of links of the third class of the
fourth order using the method in which the initial mechanism conditionally changes. This leads to the determination of such a sequence of
research, for which a decrease in the class of the mechanism is observed with a simultaneous simplification of its further analysis. When
conducting this study takes into account the presence of three leading links of the mechanism.

Keywords: mechanism, structural study, mechanism class, structural group of links

Introduction. Improvement of existing technological equipment, design of new reliable and pro-
ductive competitive light industry machines requires developers to perform structural and kinematic
investigations of the mechanisms of such machines. The technological process requires the equipment
to ensure the movement of working bodies according to predetermined trajectories and in accordance
with the required laws, and the maximum productivity of such machines is possible at significant
speeds of the main shaft. The condition for increasing the angular velocity requires a failure in the
structure of mechanisms from structural groups of links with the presence of higher kinematic pairs.
Therefore, instead of cam mechanisms in modern knitting machines trying to use hinged mechanisms
loop-forming bodies with a large number of links and structural groups of higher classes. So, the sim-
plest swing mechanism, which provides the stop of the loop forming body, depending on the rotation
of the main shaft at an angle to ninety degrees, consists of six moving parts, and a longer stop can be
obtained by means of a swing mechanism with even more movable links. In the context of the forego-
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N 1 M ing, structural studies of complex planar structural
h groups with six movable links and nine kinematic pairs

\ I \If
/ are relevant.
C

\3 Analysis of basic research and publications.
O Complex flat mechanisms are not left out of research
and publications of professional editions of recent
years. In a number of papers, attention is paid to the
problems of the synthesis of such mechanisms [1], in
particular the mechanisms used in the equipment of
light industry [2]. The questions of the structural study
of complex planar mechanisms of the fourth class [3]
are considered, kinematic and power investigations of
higher class mechanisms [4] are carried out, for exam-
Fig. 1. Kinematic scheme of the third class ple, the kinematic investigations of the mechanisms of
g~ rechanism the third [5, 6] and sixth [7, 8] classes, in particular the
mechanisms of light industry equipment [8].
The aim of the study. The purpose of the work is
a structural study of the mechanism of the third order of the fourth order with the three leading cranks,
based on the provisions on the property of mechanisms of higher classes to change their class, depend-
ing on the conditionally selected other possible initial mechanism, which enters into the structure of
the administered structural groups of links of the mechanism being investigated. The problem is
solved using the basic principles of the theory of the structure of the mechanisms of the course of the
theory of mechanisms and machines.

Presentation of the main material. Consider the mechanism of platinum used in the basic ma-
chine, which is a complex third-class flat-hinged-lever mechanism (Fig. 1), consisting of leading links
1 — 3 that are connected to the riser 0 and other driven links 4 — 11, among which are links 4 — 8, 10 —
rods, 9, 11 — rails.

Mechanisms of the first class (links 0, 1), (links 0, 2), (links 0, 3) together with the structural
group of the third kind of the fourth order, which includes a set of six moving units 4 — 9 (n = 6), to-
gether with the nine kinematic pairs of the fifth form A;, A;, Az, B, C, D, E, F, Oy, (ps = 9) and the
structural group of the second class (links 10, 11) form a third-class mechanism with a degree of free-
dom three and three leading cranks, the formula of which is shown in Fig. 2.

1 class (links 0, 1
( . )\ 3 class 4 order 2 class 2 order
Lelass (links 0,2) —=(jinks 4—9) ~ (links 10, 11)

1 class (links 0, 3)

- D

Fig. 2. Formula of structure

Movements of cranks 1-3 are interconnected by means of an ordinary gear transmission. The
crank 1 is driven by the main shaft of the machine, with the crank 2 having a double, and the crank 3 —
a triple angular velocity compared with the angular velocity of the crank 1.

The movement of the platinum loop-forming mechanism is determined by a connecting rod 7,
which in turn is driven by driving links rotating with angular velocities of varying magnitude and di-
rection. The structural feature of the mechanism is the presence of closed circuits B, C, D, and E, F, C,
formed by the kinematic pairs of the connecting rods 7, 8.

We consider movable links 2, 3 of the original mechanisms conditionally fixed. From the formula
of the structure of the mechanism (Fig. 1) we have a formula, where the leading link is the crank 1 of
one initial mechanism (Fig. 3):

1 class 3 class 4 order 2 class 2 order
(links 0, 1) > (links 4 - 9) (links 10, 11)

Fig. 3. Formula of structure
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We study the mechanism in the sequence, which is due to another conditionally possible leading
link 3. If the initial mechanism to choose a set of links, 3, 6 — the formula of the structure of the mech-
anism has the form (Fig. 4):

2 class 2 order

1 class 2 class 2 order 2 class 2 order .~~~ (links 10, 11)
' links5,8) — (links 7,9
(inke 3.©) (inke 5.9 (links 7. 9) \ 2 class 2 order
(links 1, 4)

Fig. 4. Formula of structure

If the leading link is to arbitrarily select link 5, changes in the formula of the structure of the mecha-
nism are observed in the structural group, which is directly attached to the original mechanism (Fig. 5):

2 class 2 order

1 class 2 class 2 order 2 class 2 order " (links 10, 11)
(links 2, 5) (links 6, 8) (links 7, 9) N\ 2class 2 order
(links 1, 4)

Fig. 5. Formula of structure

For both cases, conditionally, other leading links, the mechanism under investigation becomes
the mechanism of the second class, that is, it becomes a mechanism to which structural groups of the
second class arrive, for which the movements of the conditionally leading link 6 (Fig. 4) or — 5 (Fig. 5)
are uncertain, and the managed link 1 — is given.

The influence of the movement of the link 2 on the parameters of other driven parts of the mech-
anism is established for cases when the links 1, 3 are considered to be conditionally stationary. The
formula of the structure of the mechanism takes the form of the formula shown in Fig. 3 provided that
the leading link is a crank 2. For cases of other conditionally possible initial mechanisms, the formula
of structures is presented in Fig. 6 and Fig. 7:

2 class 2 order
1 class 2 class 2 order / (links 10, 11)

links 1. 4 (links 7, 9)
(links 1, 4) : N\ 2 class 2 order 2 class 2 order
(links6,8) —— (links 2, 5)

Fig. 6. Formula of structure

1 class 3 class 4 order 2 class 2 order
(links 3,6)™ (links 2, 4,5, 7, 8,9) (links 10, 11)

Fig. 7. Formula of structure

Formulas of the structures of the mechanism, which allow find out the effect of crank movement
3 for two possible variants of other conditional driving links, have the form of formulas shown in
Fig. 8 and Fig. 9:
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2 class 2 order
1 class 2 class 2 order .~ (links 10, 11)

link (links 7, 9)
(links 1, 4) ' \ 2 class 2 order 2 class 2 order
(links 5, 8) (links 3, 6)

Fig. 8. Formula of structure

1 class 3 class 4 order 2 class 2 order
(links 2, 5) > (links 3,4, 6,7, 8,9) (links 10, 11)

Fig. 9. Formula of structure

Conclusions The structural investigation of the mechanism of the third order of the fourth order
with the three leading cranks is executed, which is based on the provisions about the property of the
mechanisms of higher classes to change their class, depending on the conditionally chosen other pos-
sible initial mechanism. The formulas of the mechanisms of the mechanism are obtained, which allow
simplify the research and determine the sequence of further kinematic analysis of such a mechanism
and obtain results with greater accuracy of calculations.
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