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DETERMINING THE ACCELERATIONS OF POINTS OF A
PLANAR EIGHT-LINK THIRD-CLASS MECHANISM USING
GRAPH-ANALYTICAL METHOD

C. Koweny, I'. Kowenv, M. 3anoboscekuii, O. Kowens. BU3HAaYeHHsI NPUCKOPEHb TOYOK MJIOCKOI0 BOCBMHJIAHKOBOI0 MeXaHiZMy
TPeTHOro Kjacy rpadoaHaTiTHYHUM CI0c060M. XapaKTEPHOIO PHCOK TEXHOJIOTIYHUX MAILHNH, [0 BUKOPUCTOBYIOTHCS B IHAYCTPii MOZH €
CKJIQJIHICTh PyXy TOYOK POOOYMX JIAHOK, SIK 3a 'EOMETPIEI0 TaK i 3a 3aKOHaMM pyXy. 3a0e3NeuyloTh Taki TEXHOJOTIUHI PyXH poOOUHM
opraHaM CKJIaJ{Hi MEXaHi3MHU, OCHOBOIO SIKHX € CTPYKTYpHi I'PyIH JIAHOK TPEThOTO Ta BHIIE Kiiacy. B GaraTonaHkoBHX CTPYKTYpHHUX Ipymnax
JIAHOK BHILOTO KJIACy CIIOCTEPIiraroThCsi CKIIAHI PyXH MEBHUX TOYOK 3@ TPAEKTOPISMH, 110 MAIOTh BULIIS IUIOCKHX LIATYHHHX KPHBHX Pi3HOT
reoMeTpuyHol (Gopmu. SIKIIO B TakMX TOYKAX PO3MICTHTH LEHTPH 3OBHIIIHIX KiHEMaTHYHMX Map IHIIOI CTPYKTYypHOI TpYIH, sKa
HPHEJHYETBCA A0 TONEPEAHBOI TPYNH JAHOK, TO TEOPETHYHO MOXKHA OTpUMATH Oynb SIKy TpPAaeKTOpil0 poOOYOi TOUKM MALIUHH 3
HEOOXiAHUMH [T BUKOHAHHS TEXHOJIOTIYHOI omeparyii 3akoHamu pyxy. IIpn mpakTHYHOMY 3aCTOCYBaHHI CTPYKTYPHHUX IPYII JIAHOK BHILOTO
KJIacy B CKJIa/li KIHEMaTHYHOI CXEMH IUIOCKOT0 MEXaHi3My BUHUKAIOTh YCKIIAHEHHS U1l HOr0o MOJANIBIIOTO JOCIIPKEHHS, IO TIOSCHIOIOThCS
HEeOOXIIHICTIO MPOBEACHHS JOCII/UKEHb 3 BUKOPHCTAHHAM CIIELiadbHO PO3POOIEHUX METOMIB AT iX peasizalii, a Bpasi HEMOMKIHBOCTI 1X
3aCTOCYBAaHHS BUHHMKA€E HEOOXIJHICTh IHAMBITYaIbHOT PO3POOKHU MOCHIJOBHOCTI MPOBEICHHS TaKUX JOCITIKEHb B KOXKHOMY KOHKPETHOMY
BUITAJIKy TAKUX CKJIAJHUX MEXaHI3MiB 3 ypaxyBaHHSIM IXHIX CTPYKTYpHHX OCOOIHMBOCTEH. P0o3po0ieHO mociifoBHICTE Iil Ta IMpPOBEIEHO
KiHEMaTHYHHI aHalli3 BOCBMHIAHKOBOI'O MEXaHi3My TPEThOro Kiacy B rpadoaHamiTHYHHi Croci0, BUKOHAHO rpadivuHy MoOyIOBY IUIaHY
[PUCKOPEHb Ta PO3PAXOBAHO BEIMYHHM KYTOBHX IPUCKOPEHb JIAHOK MEXaHI3My 3a BEJIMYHHOIO Ta HanmpsMkoM. OOpaHHS YMOBHO IHIIOrO
MOXKIUBOTO IOYaTKOBOTO MEXaHi3My JO3BOJWJIO BOCHMHJIAHKOBHI MEXaHI3M TPeThOro KJIacy 3 JABOMa IOCIIJOBHO HPHETHAHUMU
CTPYKTYPHHMHU TPYHaMHU JIAHOK CTPYKTYPHO NMEPETBOPHTH HAa MEXaHI3M 3 MOCIiJOBHO-TIApaNeIbHUM HMPHEIHAHHSAM TIPYI JIAHOK APYroro
KJIacy JIpyroro MOps/KY Ta BUKOHATH aHANi3 MEXaHi3My TPEThOTO KJacy B CIOCIO MpUTaMaHHUIl U JOCIHIJKEHHS MEXaHi3MiB JIpYroro
KJIacy. 3anpoOHOBaHUH crIOCi6 aHali3y MeXaHi3My BHILOTO KJ1acy MOXKe OyTH KOPHCHHM IS IIPOBEACHHS aHAJIOTTYHHUX JOCIIDKEeHb.

Kniouosi cnosa: ROCHDKEHHS MeXaHi3My, aHali3 MeXaHi3My, KiHEeMaTHYHEe OCHI/DKeHHs, KiHEMaTHYHMIl aHaji3, KyToBe
MPUCKOPEHHS, BEKTOP JIHIHOTO NPUCKOPEHHSI, IJIaH MPHCKOPEHb

S. Koshel, G. Koshel, M. Zalyubovskyi, O. Koshel. Determining the accelerations of points of a planar eight-link third-class
mechanism using graph-analytical method. A characteristic feature of technological machines used in the fashion industry is the
complexity of motion of the working links, both in terms of geometry and motion laws. Such technological motions are provided by complex
mechanisms, the basis of which consists of structural groups of third-class and higher-class links. In multi-link structural groups of higher
classes, complex motions of certain points along trajectories resembling planar linkage curves of various geometric shapes are observed. If
the centers of external kinematic pairs of another structural group, which is attached to the previous group of links, are placed at such points,
theoretically, any trajectory of the working point of the machine with the necessary motion laws required for performing a technological
operation can be obtained. In practical application, the use of higher-class structural groups within the kinematic scheme of a planar
mechanism leads to complexities in its further investigation. This is explained by the necessity of conducting studies using specially
developed methods for their implementation. In cases where these methods cannot be applied, there arises the need for individual
development of a sequence for conducting such studies in each specific case of such complex mechanisms, taking into account their
structural characteristics. A sequence of actions has been developed and a kinematic analysis of an eight-link third-class mechanism has been
conducted using a graph-analytical method. Acceleration plan has been graphically constructed, and the magnitudes and directions of angular
accelerations of the mechanism’s links have been calculated. The selection of a conditionally different possible initial mechanism allowed
transforming the eight-link third-class mechanism with two sequentially attached structural groups of links into a mechanism with
sequentially-parallel attachment of second-order second-class link groups and performing the analysis of the third-class mechanism in a
manner characteristic of the analysis of second-class mechanisms. The proposed method of analyzing higher-class mechanisms may be
useful for conducting similar studies.

Keywords: research of mechanism, analysis of mechanism, kinematic investigation, kinematic analysis, angular acceleration, linear
acceleration vector, acceleration plan

Introduction

Mechanical systems of solid bodies serve for that to transform the predetermined mechanical
movement of one or more bodies of the system into the necessary movement of the body, in certain
points of which working bodies are placed, which technologically ensure the cycle of the equipment.
A characteristic feature of the technological machines used in the fashion industry is the complexity of
the movement of the points of the working links, both according to the geometry and according to the
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laws of motion, in some cases with technological stops for a certain part of the movement cycle. Such
technological movements of working bodies are provided by complex mechanisms, the basis of which
are structural groups of links of the third and higher class. In multi-link structural groups of higher-
class links, complex movements of certain points along trajectories that have the appearance of flat
connecting-rod curves of various geometric shapes are observed. If the centers of the external kinemat-
ic pairs of another structural group, which joins the previous group of links, are placed at such points,
then theoretically it is possible to obtain any trajectory of the working point of the machine with the
laws of motion necessary for the technological operation. With the practical application of structural
groups of higher-class links as part of the kinematic scheme of a flat mechanism in the future, compli-
cations may arise for its further research. The analysis of mechanisms in the structure of which com-
plex structural groups of links of the third class and above are observed requires conducting research
using specially developed methods for their implementation [1], and in case of impossibility of their
application, there is a need to individually develop a sequence of conducting research in each specific
case of such complex mechanisms with taking into account their structural features [2]. The result of
the kinematic study of a flat mechanism using the graphoanalytical method is the graphic construction
of plans of speeds and accelerations. The use of the property of articulated lever mechanisms with one
driving link to the inversion of motion helps to determine the sequence of construction of such plans,
provided that another possible initial mechanism is selected, which allows in the case of complex
mechanisms of the fourth class and above to perform such graphic constructions, and in the case of
mechanisms of the third class to significantly simplify them by the condition that when another lead-
ing link is chosen, the research of such mechanisms is carried out in a manner inherent to the mecha-
nisms of the second class.

Analysis of basic research and publications

The number of publications devoted to the research of complex mechanisms of the third and
higher classes in periodical scientific publications is significant and clearly confirms the necessity of
their implementation. Thus, in the publications of recent years, in a number of works, the authors con-
sider the issues of synthesis [3, 4], in particular, kinematic [5] and analysis [6, 7] of such mechanisms,
their dynamic and force calculations are performed [8]. The authors of the works pay special attention
to those issues of the section on the theory of the structure of complex flat mechanisms, in which the
structural regularities of their formation are considered and the common features that structurally con-
nect them are determined [9], in order to create software in the future that would allow automating the
process of designing mechanical systems [10] for conditions of predetermined technological require-
ments.

The aim of the study

The purpose of the work is to develop a sequence of actions and carry out a kinematic study of an
eight-link mechanism of the third class with one leading link and two sequentially connected structural
groups of links and to determine the angular accelerations of all links of the mechanism in a graph
analytical way (the method of building an acceleration plan). The analysis of the mechanism must be
carried out taking into account the fact that mechanisms of a higher class have the property of condi-
tionally changing their class when replacing the initial mechanism with another structurally possi-
ble one.

Presentation of the main material

The flat eight-link mechanism of the third class (Fig. 1) consists of one leading link 1, which is
connected to the body 0 by a rotary kinematic pair O; and to the connecting rod 2 of the structural
group of links of the third class of the third order (links 2 — 5), which is connected by other external it
is connected to a fixed link by pairs O, and D and with the help of a kinematic pair E provides trans-
mission of mechanical motion from connecting rod 3, which has the form of a complex link to the
structural group of links of the second class of the second order (links 6, 7). In the mechanism of seven
moving links, of which two links 1 and 5 rotate around, respectively, the centers of kinematic pairs O,
and O,, the other two (links 4 and 7) move forward relative to the fixed guides xx and yy, the rest of
the moving links (2, 3, 6) have plane-parallel motion. Two translational pairs D, H and other rotary
pairs — O, 4, B, C, E, K, M, O, ensure the connection of the links of the mechanism of the third class,
the structural formula of which takes the form: 1 class(links 0, 1) —3 class(links 2 — 5) — 2 class
(links 6, 7). In the structure of the mechanism, connecting rod 3 has the form of a complex link: four
elements of the corresponding kinematic pairs are located at points B, C, E, K of the link.
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It is possible to investigate the kinematic parameters of a mechanism with a structural group of
links of the third class in a graph analytical way [1] using a method in which the position of a certain
“special” point is additionally determined geometrically, which conditionally belongs to a complex
link (basic link) of a structural group, for which additionally a system of vector equations, which in
general complicates the graphic constructions of the kinematic analysis of the mechanism.

K, m/mm

[

Fig. 1. Kinematic scheme of a flat eight-link mechanism of the third class

The use of another method of graphical research of the mechanism of the third class, the so-
called “false provisions” method, leads to the same increase in the number of graphic constructions
and also to a decrease in the accuracy of their execution in comparison with the above-mentioned
method.

It should be noted that the sequence when conducting research in this way coincides with the se-
quence of joining structural groups of links to the initial mechanism, and therefore, when compiling
systems of kinematic vector equations, problems arise with their further vector solution, due to the fact
that the number of unknown parameters in vector equations is greater than the number for which they
can be solved graphically.

Indeed, from the kinematic diagram of the mechanism, we can see that during kinematic re-
search, the initial parameters are the given parameters of the movement of the crank 1, so the follow-
ing equations that can be compiled refer to the point that coincides with the center of the kinematic
pair B, which simultaneously belongs to two connecting rods 2 and 3. If for one other point 4 of link
2, the kinematic parameters are determined under the condition that it belongs to crank 1, then it is not
possible to determine another second point of link 3, for which the kinematic parameters are known in
magnitude and direction. Provided that points C and K belong to slider 4 and rocker arm 5, the direc-
tion of their linear velocity vectors can be determined. It is impossible to find the directions of the ac-
celeration vectors of these two points due to the fact that the angular acceleration of connecting rod 3
is an unknown value. Taking into account the fact that the kinematic pair £ is formed by two connect-
ing rods 3 and 6, the movement of which is undefined, we have the fact that its kinematic parameters
are unknown in terms of magnitude and direction, and therefore the point £ cannot be used to compile
a vector equation, which would be was solved in vector form to determine the acceleration of point B.

We propose to consider the set of links of the mechanism of the third class, as a mechanical sys-
tem with the degree of mobility unit, for which the mechanical movement is given by means of anoth-
er conditionally possible driving link, for example, link 5, which, like the real driving link, has a rota-
tional movement relative to a stationary kinematic pair. Note that such “conditional actions” during
the analysis of the mechanism of the third class affect only the sequence of further kinematic research
and do not affect the values of the absolute and relative kinematic parameters of the points of the links
of the mechanical system under investigation, and therefore do not affect the obtained results of graph-
ic constructions in in the form of plans of speeds and accelerations, which have the same appearance
regardless of the sequence in which the graphic constructions were obtained. As a result of the condi-
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tional change in the direction of transmission of mechanical motion, the system of links under study
will correspond to the structural formula of the structure, in which the structural group of the second
class (links 3, 4) is first joined to the initial mechanism (links 0, 5), then two more groups of links of
the second class are joined in parallel class (group of links 1, 2 and 6, 7), so the mechanism of the third
class is structurally transformed into the mechanism of the second class. We will perform a kinematic
analysis of the mechanism using the graph analytic method, the purpose of which will be to build a
plan of accelerations of a flat eight-link mechanism of the third class in a sequence determined by the
conditionally chosen driving link 5. To conduct a study of the mechanism, we will consider the fol-
lowing kinematic parameters to be given: the angular velocity of the actual driving link 1
(®;=100=const, s '), the length scale of the kinematic scheme K;=0.001 (m/mm), the angular veloci-
ties of the mechanism links that were determined in another study(w,=29.1 s, ©=25.0 s,
®s=7.5 s’l, s=20.7 s’l), geometric dimensions of links /p,4=25 mm, l3=1I3c=Ixc=lior=lyr=060
mm, ZEK:65 mm)

We solve the problem in a graph analytical way, while using the provisions of the theory of
mechanisms and machines and theoretical mechanics courses on kinematic studies of plane mecha-
nisms and plane-parallel motion of a rigid body.

We start construct the acceleration plan (Fig. 2) with the vector equation:

- __=n -1
Ay _aK;OZ _aK;O2 +a[<;023 (1)
I . . .
where dy, , dy, respectively, normal and tangential components of acceleration.

Ka, m-s*/mm

|| BK

npx

|| EK

Ngx

My |1l ck\\ LKO;

Fig. 2. Plan of accelerations of a flat eight-link mechanism of the third class

We define the length of the vector mk on the acceleration plane as the vector sum of the two
component accelerations. The normal component is calculated from the equation:

o, =05 Ly, =7.57-0.06=3.38, m/s’, ()
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and build with a segment (dy , || K0,) of arbitrary length (for example, n, , =3.38 mm).

We determine the size of the construction scale:

ay. 2
Ka = K0, = 338 :1, m/S . (3)
Ngo 338 mm

We set the length of the segment of the tangential component of acceleration d; , L KO, on the

scale Ka (in fact, we set the value of the unknown angular acceleration of link 5) in a direction that
we choose arbitrarily, for example, such that determines the direction of angular acceleration of link 5
against the direction of clockwise movement. We construct the absolute acceleration vector of point K,
which allows us to solve the following system of vector equations composed in relation to point C of

the mechanism:
d.=d, +d, . +a.
C K C.K C,K
. s 4)

Il
Q

dc =ap
where a,// xx . The magnitude of the normal component of acceleration (d., || CK) is calculated from
the equations:

o _ 2 ~37.5, mm, (5)

al = 1., =2507-0.06=37.5, m/s* n.,=
’ ’ ’ a
We construct the absolute acceleration vector e of point C on the acceleration plane, determine
the vector a, =d .
Points B and E belong to the complex link 3 of the mechanism, for which the acceleration of the other
two points K and C is determined, so we compile systems of vector equations to plot them on the plane:

= = —~n —1 - = —n —T
{aB_aK+aB;K+aB;K}. {aE_aK+aE;K+aE;K} (6)
H s

- = —n —T - = —n =1
ag =da: +aB;C+aB;C ap =dc +aE;C +aE;C

where are the normal components of the accelerations (dj, ||BK, 4. | BC, a), | EK,

aZ‘;C |EC)
Their lengths in terms of accelerations are calculated as follows:

ay, 2.
ar, =l =25.0%-0.085=52.9, m/s*; n,, =—= = 529 _ 52.9, mm; (7)

' ’ ’ Ka 1

ape 375
aro =0 -1, =250"-0.06=37.5, m/s”; n,.=—S="""=37.5, mm; (8)

’ ’ ’ Ka 1

an' )
ar. =o: 1., =2507-0.065=40.6, m/s*; n,, =— _403 40.6, mm; )

’ ' ' Ka 1

ag. 43.1
ap .= 1. =2507-0.069=43.1, m/s’; n, :%:%: 43.1, mm, (10)
a

We take into account that the tangential components have a direction perpendicular to the corre-

sponding normal accelerations and construct the acceleration vectors th and me of points B and E on
the acceleration plane.
To determine the acceleration of point M, we compile a system of vector equations:

- — —n =T
{aM =dptay; +aM;E}
b
Ay

H
The value of the normal component of acceleration ( a,., ||ME) is calculated from the equations:

QU

(11)

Il
QU

where a,, // yy.
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ay.p 257
ay =1y, ,=20.7"-006=257, m/s* n,., = 25 === 25.7, mm. (12)
a

We solve the vector system of equations (11) and construct the acceleration vector ntm of point M
on the acceleration plane.

We determine the acceleration vector ma of point A of the actual driving link of the third-class
mechanism on the acceleration plane using vector equations:

- = —n —~T
G,=0dy+ayp+ad,,
, (13)
a,=dad,, +d,
ay=0qy0 Tay0,
where a;, |40, dyo =0 (o =const).

—n

We calculate the normal component of acceleration @, as follows:

ay, 50.8
al, =01, =29.1"-006=508, /s n,,= 125 == =50.8, mm (14)

We measure the length of the segment na=n 10, —64.99 mm on the plan of accelerations and de-

termine the actual value of the scale of the plan of accelerations, which corresponds to the mechanism
of the third class:

a, o _ 9 Lo _100°-0025 . o ms’

a nA;O, nA;Ol 6499 mm
We calculate the values of the angular accelerations of the links of the mechanism:
T T, Ka .85-3.
e, = 9 up _ 4B _085-3.85 =+54.5, s7; (16)
Ly L 0.06
T T, - Ka 7-3.
g, = 4 cx _ ZCK _73.7-385 =—4729.1, s7%; (17)
le x le x 0.06
a'.. Tro - Ka 19.3.3.
g —tro Tro 20 193385 h04 62 (18)
ZK,OZ ZKO2 0.06
T T.,. .Ka . - ). _
g = e Twp RA 157385 005 o2 (19)
Ly Ly r 0.06

where T, T.c 3T, s Ty.r » MM — corresponding lengths of segments on the plan of accelerations;
Ligs lex s lxo, 5 Iye —the length of the corresponding links, m.

The sign of the magnitude of the angular acceleration indicates its direction: “—” indicates that the
direction coincides with the direction of clockwise movement, the sign “+” — the direction is opposite
to the direction of clockwise movement.

Conclusions

A sequence of actions was developed and a kinematic analysis of the eight-link mechanism of the
third class with one leading link was carried out in a graph analytical manner, the acceleration plan
was graphically constructed and the angular accelerations of the mechanism links were calculated by
magnitude and direction. Choosing a conditionally other possible initial mechanism made it possible
to structurally transform an eight-link mechanism of the third class with two sequentially connected
structural groups of links into a mechanism with a series-parallel connection of groups of links of the
second class of the second order and to perform an analysis of the mechanism of the third class in a
manner inherent in the study of mechanisms of the second class. The proposed method of analyzing
the mechanism of the higher class can be useful for conducting similar studies.
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