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Po3zensnymi numanns zeomempuunoz20 Cunme3y npocmoposux wap-
HIPHO-BANHCINLHUX WECUNIAHKOBUX MEXAHIZMIG 3 JITHIIHUM nepeMiujeH-
HAM KiHUe6ol JIanHKu, wo 6uKonyomo Qynxuito nanpsammoi. Buseneno
sapianmu KOMNROHYEAHHS MEXAHIZMI6 MA KOHCMPYKMUBHI 0CO0AUBOC-
mi, wo 3abe3neuyiomv MaKcumManvHuil Xi0 Kinyeeoi nanku npu mini-
Manvrux 006xcunax easicenie. Bcmanosneno zeomempununi napamempu
Mexaizmy 6 1020 Y3azanroHeHoMY GU2AA0L, AKI 6UHAUAIOMD KiHeMa-
MUKy ma KoMnonyeanvhi cxemu. J{oCaionceHo 6naue 2e0MempuuHux
napamempie i 6apianmise KOMNOHYE6AHHS HA KIHEMAMUMHI napamempu
Mexanizmie. Ompumano 3anencHocmi, saKi 003607510Mb GUIHAMUMU
2eomempuuni napamempu 6a306020 MeXAHIZMY 3a 3A0AHUM XOOOM KiH-
Ue6oi IAHKU Ma OONYCMUMUMU KYMAMU nepeoadi y mapHipax noeiouis.
Iooano napamempuuni 3anexcnocmi, ki 00360110Mb NPOGECMU MOU-
HUl PO3PAXYHOK ONMUMATLHOI 2e0Mempii MeXaHizMy 3a Kpumepiem
MIHIMI3aUET 006U N0GIOUIE NPU DoNnYCMUMUX Kymax nepeoati i Heoo-
xioHomy Odianasoni nepemiujenvb. 3anpononosana cxema po3paxyHky
NPOCMOPOBUX POIMIPHUX JIAHUI02IE Ol BU3HAUEHHS (hopMmu demaneil.
3D modentosanuam euseneHa 6apiaMuUGHICMb 260MEMPUMHUX NAPA-
Mempie, w0 00360AUNO CPHOPMYNI06AMU KOMNOHYEANLHI Bapianmu
Mmexanizmy. Po3pooaeno memoouxy zeomempunnozo cunmesy ma 3mo-
0enb08ano y 6i0n06ioHocmi 00 yici MemoouKu eapianmu npPocmoposuUx
WAPHIPHO —BANCINLHUX WECMULAHKOBUX MEXAHIZMIB 8 OUHAMIUL, WO
0036011710 NOKA3AMU 0COOIUBOCMI PYXY JIAHOK.

IIpoeedeni docniorcensn 6UABUNU MOHCTUBT WIAXU PO3POOOK HOBUX
8apianmié NPoCMoOPoOSUX UWAPHIPHO-BANCINLHUX UWECMUNAHKOBUX
MeXAHI3MI6 Ma PO3KPUTIU HOBL MONCAUBOCHIE NPU IXHLOMY 3ACMOCYEAHHI
Y Axocmi nanpamnozo mexanizmy. Pesynsmamu docnioxcenv moscymo
Oymu euxopucmani npu po3pooienni naam@opm niokomMnuxie, maniny-
Jamopax poéomis, eepcmamotyoyeanti ma mexampomii

Kmouogi crosa: mexanizm Capproca, wecmuianko8ui npocmopo-
BULL MEXAHI3M, HANPAMHUI MeXAHI3M, JIHIlHe nepemileHHs, 2eome-
mpuunul cunmes
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Hinged lever mechanisms with translational or

Lever mechanisms with a linear motion of moving parts
are used in devices and equipment of various areas of me-
chanical engineering, including robotics, lifting machinery,
machine tools, and mechatronics. Despite the complexity
of the structure, multifaceted lever mechanisms of linear
relocation in some devices have replaced guides with sliding
carriages, telescopic mechanisms, and carriages on linear
bearings. This is due to various factors: the requirements
of layout and minimization of the dimensions, the need to
protect open surfaces from friction, the tendency to jam car-
riages with translational pairs, etc.

The choice of the scheme and structure of these non-stan-
dard mechanisms can significantly affect the performance of
the devices in general, their layout, dimensions, cost, etc.

near-translational finite-element coupling provide for the
implementation of compact structures in a folded state in the
absence or minimum number of translational kinematic pairs
[1, 2]. This avoids the drawbacks of translational pairs and
uses standard camshafts with protected local friction sur-
faces in the design of rotary kinematics pairs. An increase in
the course of the final link is achieved in these mechanisms
by using levers.

Flat guide lever mechanisms with rotational pairs are
found in devices for a steady movement of the working body
of machine tools or platforms of lifts and manipulators of
robots. In the designs of lifts and manipulators, flat lever
pantograph mechanisms are widely used [3—5], which, how-
ever, are not devoid of translational pairs. In woodworking
format-cutting machines, combined circuits are employed,




where the movable table rests on the carriage and is supple-
mented with leverage. The spatial hinged six-link mecha-
nism of translational movement is used in cutting machine
tools for linear movement of a disk saw. Lever mechanisms
are used in the designs of independent suspensions of wheels
of vehicles, where they implement an approaching to the
linear center of the wheel trajectory.

However, the scope of applying guiding lever mechanisms
unjustifiably limits the need for an individual approach to
synthesis and design, as well as a relative complexity of the
design. This situation is due to insufficient development of
theoretical aspects for analysing design schemes, systemati-
zation, and description. The consequence of this is the lack
of a standard design methodology, standard solutions, and,
finally, the identification of how these mechnisms can be
modified and imporved.

Therefore, due to the increasing demand for specialized
robotics, compact lifting vehicles, precision manipulators
(military subjects, orthopedics, remote surgery, etc.), the
study of spatial guiding mechanisms seems to be an import-
ant issue.

2. Literature review and problem statement

The spatial hinged six-link lever mechanism (SHSLLM),
also known as the Sarrus linkage [5], provides an ideal lin-
ear trajectory for the end-link movement and can be used
to convert the movement, as a folding structure, as a cyclic
mechanism, etc. (transport and delivery and load-lifting
mechanisms, manipulators, suspension wheels of vehicles, ma-
chine tools, etc.). A series of papers is devoted to the synthesis
of the SHSLLM, in particular in papers [6, 7]; the possibility
of creating an independent suspension of the wheels of the car
with the structure of the SHSLLM has been proposed and
substantiated, including the aspects of geometric synthesis.
However, they do not take into account all geometric param-
eters and do not perform parametric studies. Also, the options
for composing and optimizing geometry with regard to the
course of the final link have not been studied. The need to
avoid the dead is not taken into account. Kinematical analysis
and dynamics equations of this mechanism, derived using the
Newton-Euler method, are presented in [8]. Further devel-
opment of the suspension mechanism of the car on the basis
of the SHSLLM is presented in [9], where the possibility of
structural modification of the mechanism is grounded in order
to improve the conditions of the load of the links.

However, in these works the issues of geometric param-
etrization of the mechanism remain unclear. Paper [10]
analyzes the mobility of a self-installing seven-link mecha-
nism, formed on the basis of the SHSLLM. The properties
of compensating for the inaccuracy of the elements of the
kinematic chain are shown. However, questions of geometric
parametrization are not considered. Paper [11] covers the
problems of the geometric synthesis of compact structures
with two and three separated degrees of freedom in a folded
state of folding structures. The basis of these structures is
the use of the Sarrus linkage. An analysis of the kinematics
of the multistable Sarrus mechanism with pliable links and
elastic hinges is given in [12], which shows the possibility
of forming several stable positions. However, these works
do not sufficiently elaborate aspects of creating alternative
layout schemes and the possibility of modification due to
changes in geometric parameters.

In general, to date, the aspects of geometric synthesis
of the SHSLLM are not sufficiently developed, and the
question of parameterization of the mechanism remains
unexplored. Layout variants and design constraints as well
as influence on the kinematic and dynamic characteristics
of the mechanism remain unidentified. The questions of the
geometric synthesis of the SHSLLM as a guiding mechanism
and the problem of optimizing its geometry have not been
studied.

That is why research in the direction of developing a
method of synthesis, parametric studies as well as identifica-
tion of variants of geometric layouts of spatial mechanisms
of linear displacement as a guiding motion need further
development.

3. The aim and objectives of the study

The aim of the research is to solve the problem of geo-
metric synthesis of spatial-hinged-lever six-link mechanisms
with linear displacement of the final link to perform the
function of a guide. This will make it possible to calculate
and design spatial six-link mechanisms that perform the
function of a linear guide, with optimal geometric parame-
ters, taking into account the course and permissible angles
of transmission in the joints, and also facilitate the choice of
a rational layout.

To achieve the aim, the following objectives were set:

— to determine geometrical parameters of the mechanism
in its generalized form, which determine the kinematics and
influence the choice of the layout scheme;

— to establish parametric dependencies that help calcu-
late the optimal geometry of the mechanism by the criterion
of minimizing the length of the levers at the permissible an-
gles of transmission and the required range of displacements
and to investigate the influence of geometrical parameters
and features of the layout on the kinematic parameters of the
mechanism;

—to find out variants of layout and design features of
the SHSLLM, to develop the method of geometric synthesis
of SHSLLMs, including calculation of the main structural
dimensions of the mechanism elements.

4. Parametric studies of the geometry of
spatial-hinged-lever six-link mechanisms

4. 1. Geometric parameters of the generalized SHSLLM

The Sarrus linkage (Fig. 1) is a variant of the SHSLLM.
The final link is connected to the riser by two kinematic
chains, each of which is formed by a two-letter group with
three rotational pairs. The final link acquires the mobility
in the event that the axis of the joints in each separate ki-
nematic chain is parallel. This mobility is the exact transla-
tional movement in the direction perpendicular to the axes
of all joints.

Since the final link is attached to the riser by two ki-
nematic chains, the SHSLLM relates to mechanisms with
parallel kinematics.

Calculation of the number of passive links by the Maly-
shev formula shows that the mechanism has one passive link.
This means that it does not belong to self-installing [13] and
is statically uncertain, and to ensure the mobility of a real
mechanism, high precision is required for the manufacture



of its parts. It is known that passive bonds contribute to in-
creasing the rigidity of mechanisms with malleable links. In
exact mechanics, when constructing kinematic mechanisms
it is necessary to adhere to the principle of self-restraint; the
use of the SHSLLM is not desirable, because only self-regu-
lating mechanisms help provide an easy move with a reduced
accuracy of manufacturing.
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Fig. 1. The Sarrus linkage

In the general case, the SHSLLM (Fig. 2) is character-
ized by the following parameters.

The main parameters on which the laws of motion of
all levers (links 2, 3, 4, and 5) and the range of movement
(course) of the final link 1 depend are the lengths of the
levers A1By, B{Cy, AyBy, and ByCs, the axial distances 0104’
and 0,09, as well as displacements OyF and O,'G. The
structural parameters on which the stability and stiffness of
the structure depend are the angle between the axes of the
joints B as well as the sizes of 01Cy, 02A1, O{'Cy, and Oy'A,.

The mechanism provides the movement of link 1 along
the axis OX.

Fig. 2. A scheme of the SHSLLM with arbitrary dimensions,
interaxial distances and displacements

In [6], the method of the screw calculation proved that
the SHSLLM has the highest stability of the structure at an
angle between the axes of the hinges of the two chains /2
and loses stability at 0. A slight deviation from the angle n/2
is admissible.

To increase the course of the end-point, which is an
indicator of the effectiveness of the guiding mechanism,
it is necessary to ensure the possibility of the unhindered
passage of the end-link beyond the fixed one (two-way
mobility).

Fig. 2 shows the kinematic scheme of the SHSLLM
with arbitrary geometric parameters. The lengths of le-
vers 2, 3, 4, and 5 are all different, and the interaxial distanc-
es 0101#0+0,' are different, too. The movement of the final
link 1 here is possible along the OX axis without meeting
with the fixed link 6 (riser). As shown by the 3D modeling,
for the implementation of two-way mobility, the presence
of transverse displacements of the axes of the joints of both
pairs of levers OyF=e; and Oy'G=e, is compulsory. With a
zero displacement in the lever pair, the mechanism passes
the position of uncertainty in which the levers in a given pair
are parallel.

The distance Q between the parallel segments 010" and
0,05 represents the complete transverse displacement of
the mechanism and is a complex geometric parameter of the
SHSLLM. It can be calculated by the formula

2 6 ) ’
Q_\/e1+(tan[5+sin[3) . ¢))

In the case of ¢, =¢, =¢,

o=—2 2)
sin(0,58)

The complete displacement Q as well as the individual
transverse displacements e; and e, are the basic geometric
parameters and necessary initial data for the design of the
mechanism.

The Sarrus linkage (Fig. 1) is a variant of the SHSLLM
for which B=n/2, the lengths of all levers are equal, whereas
the displacement, interaxial distances and the parameter
are equal to zero.

4. 2. Calculation of the optimal geometry of the mech-
anism by the criterion of minimizing the length of the
levers at the permissible angles of transmission and the
required range of displacements

In geometric synthesis and layout, it is desirable to op-
timize the geometry of the mechanism by the criterion of
minimizing the sizes of all the links, including the end and
the riser. When the end-link load is transverse to the axis of
displacement by force and directionaly arbitrary moments,
all the links of the SHSLLM work on bending and torsion
[9], so minimizing the sizes of all the links increases the
stiffness of the mechanism.

Geometric synthesis should be made taking into account
the limits of the transmission angles, since when the angle of
transmission approaches zero, the mechanism takes a dead
position with the uncertainty of the movement of the links
[14]. Let us introduce the angles o4 and a; respectively in the
middle (IT) and extreme (I and IV) positions of the levers.
The lengths of the levers will be taken differently, which is
useful for design or technological reasons. Let us denote the
lengths of the levers a=AB and b=BC; let b=ka, where k is a
constructive coefficient. In the case of k=1, it is possible to
unify the construction of both levers.
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the structural parameters &y and k5 in
the pairs can be different if needed. In
this case, the sizes of the levers of both
pairs and the transverse displacements

L

ey and ey will be different.

2) The interaxial distances for the
two lever pairs should be the same:
v 0;0{=0505"=A. We call such an

SHSLLM anormal guiding mechanism.
In the opposite case (in the diagram
7, in Fig.2, 0,0/#£0,0,"), the estimated
run decreases by the difference between

Fig. 3. Characteristic provisions of the levers of the two-lever group

We set parametric dependences for the
geometric synthesis of the SHSLLM. The
initial data are the course of the final link .§
and the parameters for each lever pair: the
constructive coefficient £ and the permissi-
ble angles o and as.

The dimensions of the links and the
transverse displacement e for one lever pair
are determined by the following formulas:

a= 5 ; ©))
\/Sk(cos o, —cosa, )
e=a\k* —2kcosa, +1. 4)

The calculated transverse displacement
e must be provided with structural dimen-
sions the calculation of which is given below.

4. 3. Parametric tests of the SHSLLM

Analysis of dependences (3) and (4)
helps determine the effect of the coefficient
k on the total length of the links a+b and the
transverse displacement e.

The nature of these influences is shown
on the nomograms (Fig.4,5). The nomo-
grams are calculated for conditional “unit”
mechanisms in which geometric parameters
are expressed through the course of the final
link § when S=1 is taken. Curve 1 corre-
sponds to the angles a;=20° and a,=155"
curve 2: 04=30° and ay,=145°; curve 3: 0;=40°
and a»=135°; curve 4: 0,=50° and 0y=125.

Changing the coefficient %k for a given
course of § slightly affects the change in
the sum of the lengths of a+b, but it causes
a significant change in the transverse dis-
placement e. For example, when £ changes
from 1 to 4, the total length of the pair of levers
increases by only 25 %, and the displacement e
is 2.4 times.

In order to ensure the maximum speed
of the real SHSLLM with a minimum total
length of the levers, it is necessary to con-
duct a geometric synthesis in accordance
with the two rules:

1) Both levers of the pairs of the real mechanism should
be calculated with the same course of the final link .S, but

these distances. In the future, we will
only consider the normal SHSLLM.
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4. 4. Calculation of the size of the main structural ele-
ments of the SHSLLM

Let us reveal the geometric parameters of the SHSLLM
that practically implement the calculated displacements e4
and ey of both pairs of levers. Let us consider the scheme



(Fig. 6) of the mutual arrangement of the axes of the fixed
hinges and hinges belonging to the finite link of the normal
SHSLLM at the midpoint of the final link (corresponding
to position IT in Fig. 3); B is the angle between the axes of
the joints of the pairs of levers. Here, the pairs of levers are
not shown clearly, and the extreme hinges are schematically
depicted in the form of circles inscribed in parallelepipeds 1
and 2 where the points A and C lie on the geometric axes of
the extremum hinges in each pair of levers. Also, here and in
the future, it is essential to consider the most rational con-
struction of joints with one standard bearing from the point
of view of the layout of the power SHSLLM. SHSLLMs are
characterized by transverse displacements e; and ey as well
as constructive sizes L; and Ly — the distances between the
conditional planes of the attachment of the extreme hinges
of the pairs of levers to the links of the relative translational
motion. In order to calculate the dimensional chains, it is
recommended to accept the outer face surfaces of the bear-
ings of joints A and C as the indicated planes.

Fig. 6. For calculating the dimensional chains of the SHSLLM

The distances 0241 and 04’A, determine the coordinates
of the bearing seats in the body, and the distances O;C; and
04’Cy specify the coordinates of the bearing seats in the final
link. They refer to the relationships

e e.
O0C, =0,A -L+——+—=2, 5
11 2A1 1 tanB SinB ( )
e e
0/C,=0}A,— L, +—2—+—. 6
172 2472 2 tanB SiHB ( )

Dependencies (5) and (6) make it possible to calculate
the dimensional chains of the seats of the bearings of the
riser and the terminal.

The above schematics, parametric dependencies and
rules allow for the geometric synthesis of the SHSLLM.

5. Compilation variants of the SHSLLM and the influence
on the kinematics of the links

3D models of conditional mechanisms are performed for
illustrating the layering oscillations and the nature of the
movement of the SHSLLM units. Fig. 7 shows the sequential
positions of the mechanism when the end-link moves from

one extreme position to another. The mechanism is modeled
with the following geometric parameters: the first lever pair
(Fig. 7, a) 01=30°; 0y=145"; k1=2.5; a;=0.172-S; ¢1=0.294-S
(where S is the course of the final link); the second lever pair
(Fig. 7, b) 01=30°; 09=145"; ky=1.5; a3=0.222-S; ¢5=0.179-S;
the angle between the axes of the joints of the groups is
B=80°; the axial distances are Aj=A,=0.215-S.

Yy
e

Fig. 7. The positions of the links of an arbitrary SHSLLM:
a—fare the successive positions of the links through the
same intervals of movement of the final link within the
working range

The character of the movement of the links of this mech-
anism is illustrated by the graphs of the laws of motion of the
levers (Fig. 8, 9).

The graphs of the angular displacements and kinematic
parameters are presented as analogues of angular velocities
and motion accelerations of long (Fig. 8) and short (Fig. 9)
levers — in the function of generalized coordinates (relative
movement of the final link). The rotational component of the
displacement of the levers in the translational movement of
the finite link is smooth, without significant peaks of speed
and acceleration, with the reverse of the direction of rotation.
The kinematic parameters are maximal at the beginning and
at the end of the range of movement of the final link, which
causes the need to limit the angles of transmission as not
only due to the danger of approaching the dead position of
the mechanism but also in order to limit the maximum of the
consolidated mass of the final link. The latter is relevant in
the case of using a SHSLLM as part of a fast-acting mecha-
nism or in a variant of a wheel suspension. It is obvious that
for &>1, the maximum speeds and accelerations are observed
for the shorter lever at the beginning and the end of the
course of the final link as well as in the middle part. For the
longer lever, there is a sharp increase in the beginning and
the end of the course of the final link. The diagrams were
generated using the SolidWorks Motion program.

Essential due to the necessity to minimize the dimen-
sions of the SHSLLM are questions about the arrangement
of the mechanism, which is primarily determined by the
design of the hinged units. As the simulation has showed,
the minimum axial dimensions of the hinged knots can be
achieved with the application of a single bearing (cross-roller
or ball-point with a four-point contact) in a hinged knot of
the console type [15].

With this arrangement of joints, a pair of levers can have
two layers — one-way and two-way joints of the pairs of le-
vers to the links of relative translational movement (Fig. 10).
In Fig. 10, the arrow shows the side of connecting the links
to the relative translational movement.



54T 357 002
—

L

ol ~~

£ e =

S

F4.0T E279 5-0.52]
o e |2

o = 5

E s | &

— 4 © _ . A
g 2,7 §|8 g 1.05
ER I

2 ) bt

5 @ | =
213+ S 91 B-1.599
2] = =11]

% < z

=) < <

E

<ol ol s ; ; . j . i —

0 0.2

0.4 0.6 0.8 1

Fig. 8. Kinematic diagrams of a long lever of a reciprocal coupled SHSLLM of unilateral joining
(A — angular displacement, B — analogue of velocitQies, C — analogue of accelerations by the module)

Sl2T 81 211

PYE - —_

5 |a ]2

N =
o 91 £ 621 E 134

2 3 =

Z 64 2 41+ 20584

3 z 2

B = ©

s g =

9 3T D211 50197

an = =

k) £ <

E <

< )

o+ ol -0.96 } } : . ; ; ] y
0 0.2 0.4 0.6 0.8

Fig. 9. Kinematic diagrams of a short lever of a reciprocal coupled SHSLLM of unilateral joining
(A — angular displacement, B — analogue of velocities, C — analogue of accelerations by the module)

a b

Fig. 10. Compounding types of pairs of levers:
a — one-way connection; b — two-way connection

The SHSLLM can be arranged on the basis of both
pairs of one-sided joints, both duplex or with a combined
joining. However, only a couple of two-way connections
makes it possible to swap places of long and short levers
without affecting the design parameters of the mechanism.
Fig. 11 shows the mechanism with the initial (corresponds
to position 2 in Fig. 7) and a modified arrangement of the
two-way coupling pair levers. Both types of lever pairs allow
installing the mechanism in two possible characteristic posi-
tions that do not affect its design parameters. This should be
taken into account in the layout of the mechanism to avoid
interconnection of the links.

a b

Fig. 11. Variants of the SHSLLM with different arrangements
of levers in a pair of two-way joining:
a — initial; b — changed; 1 — a short lever; 2 — a long lever

For example, Fig. 12 shows a mechanism with initial
and modified characteristic positions of both pairs of levers.
Such changes in the position of the levers do not cause any
displacement of the final link or a change of the transmission
angles and the traction.

The revealed properties favorably expand the variability
of structures and allow selecting such in order to avoid in-
terconversion of the links when minimizing the dimensions
of the mechanism. To do this in practice, it is advisable
to implement the layout variants of the 3D models of the
SHSLLM prototypes. The simulation of the conditional
prototypes has shown that minimizing dimensions in the
layout can only lead to one of the four possible variants of the



characteristic positions of the lever pairs, in which case there
will be no interconnection of the links. This should be taken
into account and checked for the absence of interconnection
across the range of the final link movement in the design of
real mechanisms.

a b

Fig. 12. Variants of the SHSLLM with different characteristic
positions of both pairs of levers: a — initial; 6 — changed

In addition, the various characteristic positions of the
lever pairs carry the maxima of the velocities of the levers
along the movement of the final link, which smoothes the
function of the mechanism mass reduced to the final link.
Fig. 13 shows graphs of analogues of velocities of short beams
of two lever pairs of the SHSLLM with the arrangement and
position of groups as shown in Fig. 9, . The maximum speed
of one lever approximates the stop of the other and vice
versa. The functions of the analogues of the velocities of the
SHSLLM levers coincide in the case of location and position
of groups as shown in Fig. 9, a.

In the case of using identical pairs of levers with the same
characteristic positions for e;=e;=e and A=0, a geometrically
symmetric mechanism with a symmetric characteristic of ri-
gidity relative to this plane can be obtained. Fig. 14 shows a
symmetrical SHSLLM with the parameters a;=35°; a,=140°;
k1=ky=2.25; e1=e9=1.53-a; p=90°; A=0 with identical pairs of
one-way levers.

In the presence of an axial displacement A#0, it becomes
possible to have a layout in which the projections of two
pairs of levers perpendicular to the direction of the plane of
the plane will partially overlap. This helps obtain a compact
mechanism with minimal transverse dimensions.

7. Discussion of the results of research of
spatial hinge-lever six-link mechanisms

For efficient synthesis and design of spatial mechanisms,
it is expedient to operate the geometric parameters that
must be found for a mechanism in its generalized form. These
parameters are established by working out the created 3D
array of conditional mechanisms and analyzing the spatial
kinematic schemes obtained. The study has specified their
variational interactions with the constant basic functional
indicator of the mechanism of the guide in the final link. The
expression of geometric parameters through the course of
the final link and the constructive coefficients as well as the
introduction of the analysis of permissible angles of trans-
mission in special positions have made it possible to obtain a
practically convenient dependence to calculate the minimum
dimensions of the links of the mechanism while providing
the required course.

Positive is the introduction of a number of concepts,
coefficients and constraints that provide for a more sys-
tematic approach to the description of this mechanism.
The advantage of this approach is to be able to obtain the
results that are necessary for the synthesis of the guiding
mechanism. The presented dependencies together with the
recommendations and described laws, presented in the
work, supplemented by calculations of the dimensions of the
structural elements of the mechanism, represent the method
of synthesizing the guiding mechanism of the SHSLLM.
The performed parametrical tests have helped formulate an

important conclusion — for the practical im-
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plementation of the bilateral mobility of the
SHSLLM, it is necessary to provide a sig-
nificant transverse displacement; the main
means for this is an increase in the struc-
tural coefficient £, which in turn slightly
increases the total length of the levers.

The study presents a consideration of
possible variants of the layout and illustra-
tive representation of the mechanism in dif-
ferent phases of the movement to extend the
idea of the design features. The calculation
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Fig. 13. Distribution of maximum velocities and points of stops of short levers
(curves A and B) of opposite lever pairs in the coordinates of the movement of

the final link
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Fig. 14. A symmetrical SHSLLM: g —fare the successive positions of the links
of the mechanism through identical intervals of movement of the final link

within the working range

0.8 1

of the dimensions of the structural elements
is useful from a practical point of view; it
complements and connects the geometric
parameters with the constructive ones. The
consideration of the layout variants and
revealing their influence on the dynamic
characteristics of the mechanism are also
essential features of this study.

The implementation of complex geo-
metric tests of the SHSLLM with the use
of a guiding mechanism distinguishes this
work from the alternatives and provides
prospects for developing this topic.

The disadvantages include insufficiently
deep parametric and kinematic research,
which may be the subject of a separate



study. The development of this direction may also consist in
the synthesis of the guiding mechanisms of SHSLLMs that
differ in structural and component features, revealing their
layout variants.

7. Conclusion

1. For a generalized SHSLLM, geometric parameters have
been established; besides, concepts of transverse and longitu-
dinal displacements of axes of hinges of lever pairs, interax-
ial distances, characteristic positions of levers, and a normal
directional mechanism have been introduced. Calculations
have been made on the size of the levers and transverse dis-
placements by the given course of the final link as well as the
permissible transmission angles in the characteristic positions
of the levers and the dimensional chains of the SHSLLM,
which has helped determine fully its geometry in accordance
with the considered layout options. The rules of synthesis are
formulated and the notion of normal SHSLLMs is introduced
to make it impossible to create inefficient circuits and coordi-
nate the parameters of two lever pairs.

2. Parametrical studying was undertaken on the mech-
anism presented by the nomograms of the influence of the
constructive coefficient of the ratio of the lengths of the le-
vers on the parameter of displacement of the axes and on the
total length of the levers. According to the research results,
it has been revealed that the most effective way to increase
the transverse displacement of the mechanism is to increase
the ratio of lengths in both pairs of levers; at the same time,
it does not cause a significant increase in the total length of
the links. Thus, when the coefficient of the ratio of lengths
k varies from 1 to 4, the total length of the pair of levers in-
creases by only 25 % whereas the transverse displacement e
increases 2.4 times.

3.3D models of conditional mechanisms simulated in
accordance with the given methodology have been studied.
The research has confirmed the correctness of theoretical
calculations; it has helped reveal the layout variants of the
SHSLLM and present an illustrative material that clearly

demonstrates the position of the links throughout the range
of displacements. As a result of the kinematic analysis of the
3D models of conditional mechanisms, recommendations
have been made on the need to limit the transmission angles
in view of the influence on the kinematics of the levers. It
is advisable that the angles of transmission in the extreme
and middle positions should be no less than 30...35 °; oth-
erwise, the angular accelerations of the levers are sharply
increasing along with the reduced mass of the mechanism
in the specified positions. According to the results of the
modeling, possible layout variants of pairs of levers, variants
of characteristic positions of levers and variants of change of
arrangement of levers in a separate pair have been revealed.
Recommendations are given for the flow of changes in the
characteristic positions on the reduced mass of the mecha-
nism and the effect of the axial displacement on the layout
features. In order to smooth the function of the reduced mass
of the mechanism, the characteristic positions of the rect-
angular pairs should be designated as those for which the
average positions are shifted in time. The axial offset helps
create layout schemes for them to be as compact as possible.
Mechanisms that are symmetrical with respect to the longi-
tudinal plane can be obtained at a zero axial displacement.

The method of geometric synthesis of the SHSLLM,
which serves as a guiding mechanism, has been developed.
The method involves determining the course of the final
link optimal for minimizing the lengths of the links of the
directional mechanism, taking into account the permissible
angles of transmission in the special position of the mecha-
nism. The article presents results of parametric and kinemat-
ic research and variants of layout schemes; the formulated
rules, recommendations and calculation dependences help
carry out geometric synthesis of a guiding SHSLLM with
rational layouts and optimal geometric parameters.

The conducted research has revealed possible ways
of developing new variants of spatial hinge-lever six-link
mechanisms and new possibilities for their application as a
guiding mechanism; therefore, it represents both practical
interest for developers and scientific interest for researchers

in this field.
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Hocniosceno ounamixy eiopayitinoi mawunu 3 debarancnum
6i0P030YOHUKOM 3 YPAXYBAHHAM NPYIHCHOCMI 11020 3’€0HANMA 3
eneKmpo0sUZYHOM ACUHXPOHHOZ0 MUnNY.

Ompumano eupas, AKull ONUCYE KPYMUJIbHI KOAUBAHHSL
npyxrcHoi mydpmu 6 cmayionapHux (HABKOIOCMAUIOHAPHUX)
pevcumax pyxy eibpauiiinoi mawmunu ma Qopmyny 0as eiopa-
UilIHO20 MOMEHMY 0N 6UNAOKY MAWUHU 3 NJIOCKUM XapaKme-
POoM Koueans pobouozo opzany. Illodydosano amniimyono-vac-
MOmMHI Xapaxmepucmuxu KoJausams npueooa GiGpoMawunu npu
BUKOPUCMAHHI <M SKUX> MA <HCOPCMKUX> NPYHCHUX Mydm.
Ioxazano, wo 6 npueodi 6i6poMAMUHI MONCYMb GUHUKAMU PE30-
HAaHCHI KoausanHs. Bcmanoeneno xapaxmep 3minu eenuuunu
sibpauiiinno20 momenmy (000amxo6020 Qunamiuno20 Hasanma-
JHCEHHSL HA eJIeKMPO06ULYH, BUKTUKAHO20 KOJIUBAHHAMU K HECI6-
HO020 mina 6i6pomawum, max i npyxHcHoi mydmu) 6 sanexcnocmi
610 wacmomu obepmanns 6i6posdyonuxa. Ioxasamno, wo nase-
Hicmb npyscHoi mydmu y npusodi 6iGpoMaAMUNY Y NECHUX Pedcu-
Max pyxy modxce npu3eo0umu 0o ni06UweHHs HABAHMANCEHHS HA
deuzyH, wo cnpusic GuHUKHeHHIO epexmy 3ommeppenvoda nio uac
nycky. Ymouneno xpumuuni vacmomu npueooy eiopomamiuny 3
debanancnum 6i6po3dyonuxom. Copmyavosano pexomenoa-
uli CMoCco6HO 6UOOPY BIACHUX MACMOM NPUBOOA OISt YHUKHEHHSL
11020 PE30HAHCHUX KOUBAHD.

3a 001nom02010 KOMN'IOMEPHO20 MOOENI0B8AHHL NPOOEMOH-
CMPOBaHO BUHUKHEHHSI PE30OHAHCHUX KPYMUNOHUX KOJUBAHD
npueoda 6idpomamuHy NPu NPOX00IHCEHH 30HU i 6ACHUX HaAC-
mom ma noe’szane 3 yum 6uHuKHeHHs epexmy Jommepdenvoa;
niomeepoiceno epexmusHicms 3anPoOnoHOBAHUX PeKOMeHOaUil
07151 3MEHUWIEHHSL KOIUBAHb NPUB0OOA.

Ompumani pezyavmamu 003604Mb YHUKHYMU PE3OHAHC-
HUX KOUBAHD 6 NPUBODE GIOPOMAWUNHY T MUM CAMUM IMEHUUMU
QUHAMIMHI HABAHMAICEHHA Y eleMeHmax 1020 KOHCMPYKUii ma
nideuwumu HaoiiHicmo i 006206iHiCMb demasneii nPueooa

Kmouosi cnosa: eiopomamuna, debarancnuil 6ioposdyonux,
KOUBAHHA npueooa, npyrxcna mydma, epexm 3ommeppenvoa
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1. Introduction

Vibration machines are widely used in various indus-
tries. Vibration machines with unbalance drive are the
most common primarily due to the simple design and com-
pact size under great disturbance. However, in transient
operating modes of such machines, there may be resonant
oscillations, accompanied by a significant increase in
dynamic loads in structural elements. For example, the

practice of operation of SMZh, VB type vibrating tables
for volume compaction of concrete mixes demonstrates fre-
quent failures of drive shafts that interconnect unbalances
of individual vibration units [1]. The design of these shafts
includes elastic couplings, which may be one of the main
causes of destructive oscillations of the drive. Thus, the
studies of dynamic processes in vibration machines, taking
into account the drive elasticity, are a relevant scientific
and applied problem.






