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SYNTHESIS AND RESEARCH OF THE TUMBLING MACHINE SPATIAL
MECHANISM

Purpose. Design engineering of the seven-link spatial mechanism of a tumbling machine without excessive coupling, as well as
development and further analytical study of this machine drive unit.

Methodology. An analytical research method based on the geometric and structural synthesis of the seven-link spatial mecha-
nism of the tumbling machine and its drive is used, the design of the machine is modeled in the SolidWorks 2016 computer-aided
design system (CAD).

Findings. Based on the structural synthesis, a design of a seven-link spatial articulated mechanism without excessive machine
communication with the complex movement of the working capacity is proposed for volumetric processing of parts and mixing of
bulk solids; the principle of its operation is described. Analytical investigations of the basic geometric parameters of the machine
are conducted. The design of a special machine drive has been developed; a four-link mechanism has been synthesized, which is a
part of the drive unit; analytical studies on the main structural parameters of the machine drive have been performed.

Originality. Interconnection between various geometric parameters of the seven-link spatial mechanism is established, which
makes it possible to determine rational lengths ratio of the mechanism links; a connection between the geometric parameters of the
four-link flat articulated mechanism as a part of the machine drive and the pressure angles in the kinematic pairs of this mecha-
nism is recognized as well.

Practical value. A new design of the seven-link spatial hinge mechanism without excessive (passive) coupling of machines with
the complex movement of the working capacity for volumetric processing of parts are developed. Mathematical expressions are
obtained for calculating the main structural and geometric parameters of the mechanism. The design of the machine drive is de-
veloped, which allows for the rotation of the machine drive shaft with simultaneous reciprocating movements; mathematical de-
pendences for calculating the main structural parameters are obtained in order to ensure the pressure angles in the mechanism

kinematic pairs within acceptable limits.

Keywords: rumbling machine, spatial mechanism, excess (passive) coupling, kinematic pair

Introduction. For the first time on the territory of the So-
viet Union, at the International Chemical Exhibition in Mos-
cow, in 1966, the development of the Swiss firm Willy A. Ba-
chofen (WAB) was presented — the basic design of a machine
with a complex spatial movement of the working capacity,
which was designed to perform the processes of fine bulk solids
mixing. Today, this machine design has a much wider scope
and can be used both for mixing [1] and for performing various
types of plastering technological operations [2], in particular:
grinding and polishing, separation of parts from foundries,
grinding, cleaning of metal parts from corrosion products and
others. Based on License Agreements (License Agreement
No. 6-19 dated 22.10.2019 between Kyiv National University
of Technology and Design and “Lightning” PJSC (Baryshev-
ka), License Agreement No. 5-16 dated 28.07.2016 between
Kyiv National University of Technology and Design and
“Polyplast” LLC (Lviv), License Agreement No. 3-16 dated
06.06.2016 between Kyiv National University of Technology
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and Design and “Red October” LLC (Fastiv)), practical im-
plementation of authors development in the industry of
Ukraine is known.

The basic design of a machine with a complex movement
of the working capacity [2], from a structural point of view, is
a six-link spatial mechanism with rotating kinematic pairs.
Spatial mechanisms, in particular those with rotary kinematic
pairs, are widely used in various industries |3, 4] and are char-
acterized by their structure complexity and considerable labo-
riousness in their synthesis and analysis [5]. Similarly, a six-
link spatial mechanism with rotating kinematic pairs has its
own peculiarities — its structure has excess (passive) coupling,
which negatively affects the durability and performance of the
mechanism. It is stablished [2] that the mechanism can only
operate if the constructive ratios of its link lengths are ob-
served. During operation of the mechanism, even with a slight
deformation of one of the links, it can be jammed; as a result,
it will immediately fail. In addition, parts must be manufac-
tured on tolerances with increased precision. Because of this,
the cost of such equipment is significantly increased while the
operational term is reduced.
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Literature review. In general, there are numerous examples
of the elimination of static uncertainties (passive couplings) in
various hinges [6, 7]. In particular, a considerable number of
examples of exemption from passive couplings in spatial
mechanisms are presented in the monograph by Kozhevni-
kov S.N. “Fundamentals of structural synthesis of mecha-
nisms”. However, for the spatial mechanism of a machine with
a complex movement of the working capacity, this problem
remains relevant today. One of the main tasks when designing
this type of tumbling equipment is to create statically defined
mechanisms without excess coupling. It is known [6, 7] that
under such a loading condition in the links and kinematic
pairs of the mechanism stresses will be determined only by
forced technological and dynamic interaction. A series of
studies on improving of the design of spatial mechanisms of
machines with complex movement of working capacities [2],
conducted at Kyiv National University of Technology and De-
sign.

Also [3—5] foreign scientists’ investigations of the struc-
ture of six-element spatial mechanisms with rotating kinemat-
ic pairs are known, which obtained mathematical dependen-
cies for the calculation and correlation of structural parame-
ters of the mechanism with excess coupling, the adherence of
which will allow its operation. The design of the mechanism of
the machine [8] without excess coupling has been developed.

Unsolved aspects of the problem. There are various ways of
freeing up the spatial mechanisms of machines from excess
coupling. However, each of them has both advantages and dis-
advantages.

For example, in the spatial mechanism of a machine with
two working capacities, which are interconnected by transla-
tional kinematic pair [9], the intensity of movement of the
working array in the two capacities will be different, in this
connection there will be a condition in which it is impossible
to finish the processing at the same time in two capacities with
one machine. A similar situation would occur in a machine
with two working capacities connected by a rotating kinematic
pair [2].

The technical solution using an additional movable link —
slider [2] which is kinematically connected to the driven shaft
of the machine also has drawbacks. Since the location of the
translational kinematic pair will be “at the end” of the kine-
matic chain, it can lead to the concentration of dynamic un-
even loads on the moving links of the machine, to cause their
deformation over time; the power from the drive of the ma-
chine, which is necessary to allow the slider to slide along the
guide, will significantly reduce due to its friction losses in oth-
er kinematic pairs of the machine and so on.

Purpose. On the basis of the above, the main purpose of
the study is the synthesis of a seven-link spatial mechanism of
the tumbling machine with a complex movement of the work-
ing capacity, in which the excess (passive) coupling is included
in the kinematic chain; analytical studies of the basic geomet-
rical parameters of the given machine design; development of
a special design of the drive of the given tumbling machine
with further synthesis of the flat four-link hinged mechanism
which is part of the drive.

Methodology. When conducting these studies, we used an
analytical research method applying additional modeling of
the machine design and its drive in SolidWorks CAD.

Results. Structure of a six-link spatial mechanism with ro-
tating kinematic pairs and ways of releasing it from excess cou-
pling. The basic design of a machine with complex spatial mo-
tion of the working capacity [2], whose movable links form a
spatial six-link mechanism with rotating kinematic pairs, is
considered. Due to this arrangement of kinematic pairs, the
working body performs complex spatial motion.

Using the Somov-Malyshev formula presented in the work
by the author Reshetov L.N. “Designing rational mecha-
nisms”, to determine the degree of mobility of this mecha-
nism, we established that it will be zero.

Thus, the mechanism is incapacitated; however, despite
this, it is able to function while providing clear constructive
ratios of the lengths of its links, which were obtained in [2].
This fact is explained by the presence in it of excess coupling.

The introduction details the disadvantages of using spatial
mechanisms with excess coupling. One way of exempting from
the action of excess coupling is to introduce into the kinematic
chain the mechanism of an additional movable link — a slider
that performs reciprocating movement along a horizontal
guide, in whose bearing both leading and driven shaft can be
installed with the possibility of rotation.

Technical solution for freeing up the machine mechanism
from excess coupling in which the slider is kinematically con-
nected to the driven shaft is introduced in [2]. However, in
such a machine design, where the drive shaft together with the
slider will perform additional reciprocating movement, in ad-
dition to rotational motion, along the guide, can lead to the
concentration of dynamic non-uniform loads on the moving
links of the machine, over time, cause their deformation Thus,
it may reduce reliability and durability of the machine as a
whole. In addition, special requirements should be placed on
the friction properties of the reciprocating kinematic pair slid-
er-guide, since even a slight increase in friction in a given kine-
matic pair can lead to jamming of the mechanism of the ma-
chine, because the very location of the kinematic pair “at the
end” of the kinematic chain leads to the fact that the power
from the machine required to allow the slide to slide along the
guide will be partially reduced by its friction losses in other
kinematic pairs of the machine, doing useful parts processing
work, and so on.

This situation can be solved by kinematically connecting
the slider to the drive shaft of the machine. In this case, the
reciprocating kinematic slide-guide pair will actually be lo-
cated “at the beginning” of the kinematic chain of the mecha-
nism, which will create conditions for reducing the dynamic
non-uniform loads on the moving links of the machine.

The model of the machine (without drive) implemented
with the help of SolidWorks CAD, with an additional movable
link slider, in which the bearing shaft of the machine is mount-
ed, is shown in Fig. 1.

This machine contains a frame I, leading 2 and driven 3
shafts. The leading shaft 2is mounted in the bearing support of
the slider 4, which, in turn, is mounted in a horizontal guide 5.
The driven shaft 3 is mounted in the bearing support of the
frame. The axes of the leading 2 and driven 3 shafts are parallel
to each other. The leading shaft 2 and the driven shaft 3 are
pivotally connected at the other ends to the drive 6 and the
driven forks 7 respectively, which are diametrically mutually
perpendicular to the geometric axes § and 9 which are the axes
of attachment of the working capacity /0. Thus, unlike tradi-
tional spatial hinge schemes, the forks 6 and 7 are arranged

Fig. 1. Model of the machine in which the drive shaft is mounted
in the bearing of the slider
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perpendicular to each other. The existence of a dual propeller
mechanism with a space frame-crosspiece is also reported in
the work [7].

Therefore, according to the Somov-Malyshev formula, the
mobility ratio of the mechanism will be equal to one. Excess
connection is off. The appearance of minor deformations of
the links of the mechanism will not affect the loss of working
capacity of the machine as a whole. In addition, there is a pos-
sibility of varying the longitudinal length of the working ca-
pacity in large ranges, which in turn creates conditions for
regulating the intensity of the respective technological opera-
tions of machining or blending of bulk substances.

However, once released from excess coupling, the drive
shaft of this machine design will additionally perform recipro-
cating movement along the horizontal guide. Thus, it is neces-
sary to develop such a design of the machine drive that will
provide a constant transmission of torque to the shaft, which
will perform additional reciprocating movement.

Analytical study of mechanism design. The analytical study
and synthesis of the given machine mechanism should begin
by considering the initial data, namely, certain geometric pa-
rameters, which are selected depending on the size and num-
ber of workpieces, the type of technological operations per-
formed on the equipment and their intensity of execution.
Thus, the axial distance of the driving and drived forks is /, the
axial distance of the working capacity is /. In addition, the
design of the machine must be subject to the condition /¢ > I,
since it is precisely satisfied, the basic structure of the machine
with excess coupling becomes inoperable.

In the course of operation of this mechanism of the ma-
chine, due to the formed translational kinematic pair, the dis-
tance between the parallel axes of the drive and slave shafts will
be cyclically changed from the minimum /;, to the maximum
I max- The minimum distance /.,;,, will occur at such positions of
the moving links of the machine (Fig. 2), when one of the axes
of fastening of the drive or driven fork will be horizontal and
the other vertical. The maximum distance /,,,, will occur when
the longitudinal axis of the working capacity is in the vertical
plane.

When designing such a mechanism of the machine, there
is a need to accurately calculate the amplitude /, of the drive
shaft reciprocating movement. The amplitude /, can be de-
fined as the difference between the maximum and minimum
distances formed between the axes of the drive and the driven
shafts

la = lmax - lmin' (l)

It is known [2] that the maximum distance /,, between
the axes of the drive and driven shafts can be determined from
a right triangle formed in the horizontal projection of the ma-

chine as follows
Lnax =N U +hye) =17 (2

In the position of the moving links, when the lateral planes
of the forks are parallel to each other, and the working capac-
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Fig. 2. Machine for processing parts — front view

ity is projected on the vertical plane in full size, the distance
between the geometric mutually perpendicular axes of the fork
mounting will be minimal /_;,. The front view, with this posi-
tion of the moving links of the machine, is shown in Fig. 2 (the
designations of the links in Fig. 2 coincide with the designa-
tions of the links in Fig. 1)

Thus, based on geometric considerations, /min can be de-

fined as follows
lmin = Vll/zVC +412 s (3)

where /, is the distance in the projection on the vertical plane
between the axis of rotation of the driven (drive) shaft and the
axis of the working capacity.

In order to obtain an expression for determining the dis-
tance /y, in the position of the moving links of the machine,
which is shown in Fig. 2, we make a projection of the machine
design on a plane parallel to the upper end of the working ca-
pacity.

The frontal projection of the machine, which is projec-
tively connected to the projection of the machine on a plane
parallel to the upper end of the working capacity is shown in
Fig. 3.

The geometric axes of the forks attachment are mutually
perpendicular to each other, the axis of the working capacity,
which extends from the “top projection”, divides the right
angle between the axes of the forks in half. Thus, on the lower
projection an isosceles rectangular triangle with hypotenuse /
and two catheters /, was formed. Accordingly, the length /, will
be defined as

Ly=1rcos45°. 4)
Substitute the value of the expression (4) in equation (3)

Lo =Ale +4(1 cosd5%)?. 5)

Substitute expressions (2) and (5) into equation (1)

l,= \/IWC(ZIF +lye) —\/IVZVC +4(/ - cos45°)2. (6)

Thus, an expression was obtained to calculate the ampli-
tude /, of reciprocating movement of the drive shaft along the
guide.

Development of a drive that provides the torque transmission
to the drive shaft of the machine, performing additional recipro-
cating movement. Based on the above, the design of the drive of
the machine was developed, which provides the transmission
of torque to the moving drive shaft. The kinematic scheme of
the machine (with a technological drive) is presented in Fig. 4.

The machine for parts processing contains a frame I,
which houses the electric motor 2, on whose shaft the drive
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Fig. 3. Frontal projection of the machine in projective connec-
tion with the projection of the machine on a plane parallel
to the upper end of the working capacity
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Fig. 4. Kinematic scheme of the drive of the tumbling machine
without excess coupling

pulley 3 of belt drive is rigidly fixed, the driven pulley 4 mount-
ed on the shaft of the actuator 5, which is mounted in the bear-
ing supports 6 and 7. On drive shaft 5 the first sprocket § of the
first chain gear is rigidly fixed to the drive shaft 5; in addition,
the drive shaft 5 is kinematically connected to the lower head
of the rocker arm 9. Rocker 9, connected through the upper
head kinematically to the drive shaft of the actuator /0, on
which driven sprocket 77 of the first gear and the drive sprock-
et 12 of the second gear are rigidly fixed as well as the movable
shaft /0 connected to the upper head of the connecting rod 13.
The driven sprocket /4 of the second chain gear is rigidly fixed
to the drive shaft /5, which is mounted in the bearing support
of the slide /6 with the possibility of its reciprocating move-
ment along the horizontal guide /7. In addition, the drive shaft
15 is kinematically connected to the lower head of the con-
necting rod /3. The driven shaft /& is mounted in the bearing
support /9. The drive 15 and the driven shaft /& are pivotally
connected at the other ends to the drive 20 and driven 27 forks,
respectively, whose diametrically mutually perpendicular axes
22 and 23 are the axes of the working capacity 24 attachment.

The machine works as follows. After switching on the mo-
tor 2 located in the frame /, a constant rotational movement
through the belt drive formed by the master 3 and the driven 4
pulleys is transmitted to the drive sprocket & of the first chain
gear. The rotational movement of the drive sprocket &, by
means of the first chain gear, is transmitted to the drive sprock-
et 1/, which will rotate at the same angular velocity together
with the driving shaft 70, as well as the drive sprocket 12 of the
second sprocket rigidly fixed thereto. The rotational move-
ment of the drive sprocket /2, via the second chain drive, is
transmitted to the drive sprocket /4, which is rigidly fixed on
the drive shaft /5 mounted in the bearing support of the slider
16, is transmitted to the drive fork 20, which through the axis
22 rotates the working capacity 24, giving it complex spatial
movement with rotation about its own axis. Such complex spa-
tial movement of the working capacity 24 is transmitted
through the axis 23 to the driven fork 27 and is converted into
rotational motion of the driven shaft /8, which is mounted in
the bearing support /9.

In addition to rotary motion, the drive shaft 75, which is
mounted in the bearing support of the slider 76, performs ad-
ditional reciprocating movement relative to the horizontal
guide /7. For one complete rotation, the drive shaft 75 per-
forms four reciprocating movements along the horizontal
guide /7. However, reciprocating movement of the drive shaft
15will cause rotation of the rocker arm 9 and the plane-paral-
lel movement of the connecting rod /3. The movable shaft /0
together with the upper head of the rocker arm 9 will perform
oscillatory movement about the axis of the shaft of the drive 5
along a trajectory with a radius corresponding to the length of
the rocker arm 9. Thus, for one complete rotation of the drive
shaft 15, the movable shaft /0 performs four oscillatory move-
ments relative to the axis of the shaft of the drive 5.

Confirmation of the possibility of implementing a dual
spatial cardan mechanism with reciprocating movement of
one of its links is also presented in [7].

In fact, the operation of this actuator is provided by a flat
four-link hinged mechanism, which is part of it and consists of
the leading link — the slider 76, the connecting rod 13 and the
driven link — the rocker arm 9 and the fixed link — the frame /.
With reciprocating movement of the slider 76, there will be a
cyclic change in the distance between the center of rotation of
the rocker arm 9 and the rotary kinematic pair “connecting
rod-slider” from the maximum c,,, to the minimum c;,
value.

In designing the drive structure of the machine as a whole,
the main task is a synthesis of this hinged mechanism, which is
the determination of the rational lengths of the rocker arm 9
and the connecting rod /3 based on the calculated amplitude
of the reciprocating movement of the slider 76, which, in gen-
eral, will ensure the formation of pressure angles in the kine-
matic pairs of this hinge mechanism within acceptable limits.

Let us represent the hinge component of the drive of the
machine at the two extreme positions of the slider 76, which is
shown in Fig. 5, for further synthesis.

When synthesizing the mechanism, it is necessary that the
maximum values of the pressure angles 0,,,, and o, in the ki-
nematic pairs of the mechanism do not exceed the permissible
limits. During the operation of this hinge mechanism, in the
position of the movable units corresponding to the formation of
the maximum distance c,,,,, in the rotary kinematic pair “con-
necting rod-slider” the maximum value of the pressure angle
Omax Will occure. As well as the position of the movable units
corresponding to the formation of the minimum distance be-
tween the center of rotation of the rocker arm and the kinematic
pair in which the connecting rod is connected to the slider —
Cmin» iN the rotary kinematic pair “connecting rod — slider” there
will be a maximum value of the pressure angle o,,.

Itis known [10] that in order to avoid jamming of the hinge
mechanism, the maximum value of the pressure angle in any
of its kinematic pair should not exceed 60°, and for long-term
operation of the mechanism it is desirable that the maximum
value of the pressure angle does not exceed 40°. So, let us first
set the maximum value of the pressure angle 60,,,,

O < 40°. (7)

Thus, with respect to (7), we write the expression to deter-
mine the minimum value of the pressure angle o,

90° -0,
O == 2% ®)

Next, based on geometric considerations, we write an ex-
pression to determine the length b of the rocker arm and con-
necting rod

Crnax SN Gy

b= Cna ©)
Slnymax
" in
Y4 q
- s
™~
9 min’ N 3
5 7| A,r\\ —
E| - -
s § - \ yd [T VAN
S =~ 5 § < max s g / <_—\
/ _x i_.z_’__ % — \

1 ; /
Cmin e ’

Cmax

Fig. 5. Kinematic scheme of the four-hinged hinge mechanism
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where V..., is the maximum value of the angle between the
rocker arm and the connecting rod.
In turn, the angle y,,,, can be defined as follows

v=90°+ ©. (10)

We write expression (9) with respect to equations (8) and
(10)
_ Cpay SIN(45°-0,5-0 )

sin(90°+ @ (D

max )

When designing this hinge mechanism, there is a need to
calculate the minimum 4, and maximum #,,,, vertical dis-
tance between the center of rotation of the rocker arm and the
kinematic pair “connecting rod — slider”, which will occur at
the extreme positions of the slider, as well as the calculation of
the horizontal component of the amplitude ¢ of kinematic pair
“connecting rod — slider”.

Based on geometric considerations, we write down the ex-
pressions for determining 4., and A,

hmin = Vbz _(O'S'Cmax)z; (12)
hmax:\lbz_(o's'cmin)2‘ (13)

We write expressions (12) and (13) with respect to (11)

. o 2
. _\/[cmax-sm(45 —0.5~®m)] 025t -

min sin(90°+ @, ,.) max?

2
h =\/[Cm“ sin(d5~0.3 Gmax)J L0252, . (14)
sin(90° +0,,.)

Next, we write an expression to determine the minimum
distance between the center of rotation of the rocker arm and
the kinematic pair in which the connecting rod is connected to
the slider — ¢,

C C

max_la' (15)

Taking into account equation (6), expression (15) will have
the form

min —

Coin = Co ~\ e Cle +Lye) + I3 —4(1; cosd5°)2. (16)

Write the expression (14) with respect to equation (16)

CpunSIN(45°0.5-0, )
sin(90°+0,,,,)

max

2
-0.25- (cmax e @l +1y0) + I3 —4(1, cos457)? )

We write the expression to calculate the horizontal com-
ponent of the displacement amplitude ¢ of the kinematic pair
“rocker arm-connecting rod”

qZO-S(Cmax_Cmin)~ (17)

Equation (17) with respect to expression (16) will have the
form

4=0.5l,cQly +1y0) +\ I3 —4(, cos45%)?.

After taking into account the allowable maximum value of
the pressure angle 0,,,, in the rotary kinematic pair “rocker
arm-connecting rod”, expressions are obtained to calculate
the basic geometrical parameters of the hinge mechanism, it is
necessary to write the equation for the calculation and to
check the maximum value of the rotational angle o, in the
rotary kinematic pair “connecting rod — slider”. o, Will oc-
cur in this position of the moving links of the mechanism,
when the slider will occupy its extreme left position. Write the
expression to determine the cosine of the angle o,

COSOL :c;—;‘. (18)

Next, we write an expression to determine the angle amax
cmin o
Oy = AICCOS ETS <40°. 19)

We write the expression (19) taking into account the equa-
tion (16)

cmax 7\/IWC(2IF +IWC) +\/IPZVC *4(11.- COS45°)2

Olpay = ATCCOS

If, by expression (20), the maximum value of the pressure
angle a,,,, in the rotary kinematic pair “connecting rod — slid-
er” exceeds the allowable value, it is necessary to increase the
distance a,,,, without changing the maximum allowable value
of the pressure angle 0.

On the basis of the previously obtained expressions, it is
possible to derive an equation for calculating the distance c,,,,
which will provide the maximum values of the pressure angles
Omax and a,,, within acceptable limits in the kinematic pairs of
the mechanism. To do this, we express the value ¢, from (18)

Crnin = 2b - COS OLpyay- 21)

Substituting equations (16) and (11) into expression (21),
we obtain

Conax —\/IWC(2IF +lye) + \/lvzvc —4(l cos45°)? =
€y SIN(45°=0,5-0 ) (22)
=2 - “COSQLp -
sin(90°+®,,..)

After arithmetic transformations and cancellations, ex-
pression (22) will take the form
Sl QL +1ye) + 1B e —4(1, cosd5°)? 2
C = .
a - 2-5in(45°-0.5-0,,,,) 23)
sin(90°+©®

max )

<40°. 2
% (20)

Thus, using the dimensions of the lengths of the links of
the spatial mechanism of the machine, providing the corre-
sponding amplitude of reciprocating movement of the slider,
as well as previously adopting the maximum values of the an-
gles of pressure 0,,,, and a,,,, in kinematic pairs of the mecha-
nism within the acceptable limits, using equation (23) it is pos-
sible to calculate the rational maximum distance c,,,, between
the center of rotation of the rocker arm and the rotary kine-
matic pair “connecting rod-slider”, which will become the
basic geometric parameter of the mechanism during its further
synthesis.

Therefore, it is advisable to start the synthesis of the hinged
four-link mechanism, which is part of the drive of the parts
processing machine with complex movement of the working
capacity from the calculation of the distance c,,,, by the equa-
tion (23).

Conclusions. The paper presents one possible way of free-
ing up the spatial mechanism of a machine for processing parts
from excess coupling. Thus, a synthesis and further analytical
study of a seven-link spatial mechanism, with no excess cou-
pling in the kinematic chain, was performed. Based on the
synthesized mechanism, modeling of a machine with a com-
plex movement of the working capacity for processing using
SolidWorks CAD was performed. Analytical mathematical de-
pendences for determination of basic geometrical ratios of link
lengths of the developed machine were obtained. These de-
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pendencies can be used for further design of this type of equip-
ment.

The drive design for this machine is developed, which al-
lows realizing the rotation of the drive shaft of the machine
with simultaneous reciprocating movement, the four-links
hinge mechanism that is part of the drive is synthesized. Math-
ematical dependences were obtained for the calculation of the
basic geometric ratios of the lengths of the links of the four-
link hinged mechanism in order to ensure the angles of pres-
sure in the kinematic pairs of the mechanism within accept-
able limits. The results obtained allow implementing new de-
signs of the corresponding equipment.
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MeTta. Po3pobka KOHCTPYKILii TPOCTOPOBOTO CeMUJIaH-
KOBOTO MEXaHi3My raJITyBaJIbHOI MaIlIMHU 0€3 HaJTUILIKOBO-

ro 3B’SI3KYy, a TAKOX PO3po0OKa I monasblile aHaJliTUYHE 10-
CJIIXKEHHS TPUBOAY JAHOI MAllIMHU.

Mertonuka. BuxkopucraHo aHaliTUUHUN METOH JOCIIi-
JIKEHHST HA OCHOBI TEOMETPUYHOTO Ta CTPYKTYPHOTO CUHTE3Y
MPOCTOPOBOT'0 CEMUJIAHKOBOTO MEXaHi3My raJiITyBaJbHOI Ma-
IIMHY Ta il TPUBOIY, BUKOHAHE MOJEIIOBAaHHSI KOHCTPYKIIil
MallliHA B CHUCTEMi aBTOMAaTHU30BaHOTO ITPOEKTYBaHHS
SolidWorks 2016.

PesyabraTn. Ha OCHOBI CTPYKTypHOTO CUHTE3Y 3aI1pOmo-
HOBaHa KOHCTPYKIIisl CEMUJIAaHKOBOIO IMTPOCTOPOBOTO IIap-
HIpHOTO MeXaHi3My 0€3 HaUIMIIKOBOTO 3B’SI3Ky MalllMHU 3i
CKJIAIHUM PYXOM pO0OOYOi EMKOCTI, 10 BUKOPUCTOBYETHCS
17151 00’ €MHO1T 00pOOKU JeTalield i 3MilllyBaHHS CUTMTKMX pe4o-
BMH, OMUCAHO MpUHLMI ii pobotu. [IpoBeaeHi aHamiTUYHI
TOCITIKEHHST OCHOBHUX T€OMETPUYHUX TapaMeTpiB Mallu-
HU. Po3pobiieHa KOHCTPYKIsl CIeliaJbHOTO MPUBOAY Ma-
ITWHY, BUKOHAHO CUHTE3 IJIACKOTO YOTUPHOXJIAHKOBOTO Me-
XaHi3My, 1110 BXOAWUTb 10 CKJIaay MPUBOAY, BUKOHAHI aHaIi-
TAYHI JOCTiIKEHHSI OCHOBHUX KOHCTPYKTUBHUX TTapaMeTpiB
MPUBOIY MAIIMHM.

HaykoBa HOBM3HA. BCTaHOBIIEHO B3a€EMO3B 130K MiX pi3-
HUMHU T€OMETPUYHMMU MapaMeTpaMu MPOCTOPOBOrO CEMM-
JIAHKOBOTO MEXaHi3My, 110 Ia€ MOXJIMBICTh BU3HAYATH palli-
OHAaJIbHi CIiBBiIHOILIEHb TOBXUWH JaHOK MEXaHi3My, a TAKOX
BCTAHOBJICHO B3aEMO3B’I30K MiXX T€OMETPUYHUMM TIapame-
TpaMu TJIACKOTr0 YOTUPUIAHKOBOTO LIAPHIPHOTO MEeXaHi3My,
KU BXOAUTH OO CKJIaay TIPUBOAY MAaIlMHU, Ta 3HAYCHHSIM
KYTiB TUCKY B KiHEMaTUYHMX Mapax 1bOro MexXaHi3My.

IIpakTiyna 3HaunMicTb. Po3pobiieHa HOBa KOHCTPYKIIist
CEMMJIAaHKOBOTO MPOCTOPOBOTO LIAPHIPHOIO MeXaHi3My 0e3
HaIUTMIITKOBOTO (ITACMBHOTO) 3B’SI3Ky MAIIMH 3i CKJIaIHUM
pyXoM po0OoY0i €MKOCTI [JIsi 00’€MHOI OOpOOKM aeTajeit.
OTpuMaHi MaTeMaTU4YHi BUPa3u IJIsI PO3PaXyHKy OCHOBHUX
KOHCTPYKTUBHUX i FTEOMETPUIHUX TTapaMeTPiB JaHOTO MeXa-
Hi3ma. Po3pobisieHa KOHCTPYKIlis TPUBOLY MAllMHU, IO J10-
3BOJISIE peajlizyBaTh OOepTaHHSI BEeAydyoro Bajy MallWHU 3
OMHOYACHUM  3BOPOTHO-TIOCTYMAJIBHUM  TEPEMIIIEHHSM,
OTpUMaHi MaTeMaTUYHi 3aJIeXKHOCTI UISI pO3paXyHKY OCHO-
BHUX KOHCTPYKTMBHMX ITapaMeTpPiB 3 METOI 3a0e3MeueHHs
KYTiB TUCKY B KiHEMaTHUIHUX Tapax MeXaHi3My B IOMYCTH-
MMX MEXax.

KiiouoBi ciioBa: earmyeanvria mawuna, npocmoposuii me-
XQHI3M, HAOAUWKO8ULL (NACUBHUIL) 36’ 30K, KiHeMamu4Ha napa
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Iexp. Pa3zpaboTka KOHCTPYKIIMU IPOCTPAHCTBEHHOTO
CEMM3BEHHOT'0 MEXaHN3Ma IraJITOBOYHOM MallIMHbI 6¢3 N30bI-
TOYHOM CBSI3M, a TAaKXKe pa3paboTKa 1 JajdbHelIIee aHaTuTH -
YeCcKoe MCCleIoBaHMe TTPUBOIA TaHHOM MAIlTWHbI.

Meronuka. Mcnoyib30BaH aHAIMTUYECKUI METO UCCIe-
JIOBaHUST HA OCHOBE TEOMETPUUYECKOTO M CTPYKTYPHOTO CUH-
Te3a MPOCTPAHCTBEHHOTO CEMU3BEHHOTO MEeXaHW3Ma TajTo-
BOYHOIM MaIIMHBI M €€ TIPUBOJIA, BHITIOJIHEHO MOIEIMPOBa-
HHME KOHCTPYKIIMU MAaIllMHbI B CHUCTEME aBTOMATU3MPOBaH-
Horo nipoekTrpoBaHus SolidWorks 2016.

PesyabraTel. Ha ocHOBe CTpyKTypHOIO CHHTE3a Mpeaio-
JK€Ha KOHCTPYKLIMSI CEMU3BEHHOTO IPOCTPAHCTBEHHOTO
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MApHUPHOTO MeXaHu3Ma 0e3 M30BITOUHOM CBS3M MAaIllWHBI
CO CJIOXKHBIM JIBMKEHUEM paboueli eMKOCTH, UCTO0JIb3yeMOM
1151 00beMHOI 00pabOTKY eTaieil U CMeLIUBAHUS ChITYYUX
BEIIECTB, ONMUCAH MPUHIMI ee padoThl. [IpoBeneHHbIE aHa-
JINTUYECKUE UCCIIeIOBAHNSI OCHOBHBIX TEOMETPUUECKMX TIa-
paMeTpoB MallMHBI. Pa3zpaboraHa KOHCTPYKIMS CIleldalib-
HOTO TIPUBOJIA MAIITMHBI, BBIMTOJTHEH CHTE3 IJTIOCKOTO YeThI-
PEX3BEHHOTO MeXaHU3Ma, KOTOPbI! BXOJUT B COCTaB MPUBO-
Ila, BBITIOJTHEHBI aHAJTUTUYECKUE WMCCIeTOBAHUS OCHOBHBIX
KOHCTPYKTUBHBIX TAPaMETPOB MPUBOAA MAIIIMHBI.

Hayuynas HoBuM3HA. YCTaHOBJIEHa B3aMMOCBSI3b MEXILY
pa3IMYHBIMU T€OMETPUUYECKUMU TapaMeTpaMM IMPOCTPaH-
CTBEHHOTO CEMU3BEHHOTO MeXaHW3Ma, 4YTO JaeT BO3MOXK-
HOCTb OMpPeNesITh PAlMOHATbHbIE COOTHOILIEHUSI IJIUH 3Be-
HBbEB MEXaHM3Ma, a TAKXKe YCTAHOBJIEHA B3AaUMOCBSI3b MEXKITY
TeOMETPUYECKUMU MapaMeTpaMu TJIOCKOTO YeThIPEeX3BEH-
HOTO IAapHUPHOTO MeXaHW3Ma, KOTOPBIl BXOMUT B COCTaB
MPYBOJIA MALUMHBI, U 3HAYEHUSIM YIJIOB JaBJIE€HUS B KUHEMa-
TUYECKUX TTapax 3TOr0 MexaHu3Ma.

IIpakTiyeckas 3Ha4uMocTh. Pa3paboTaHa HOBasi KOH-
CTPYKLHUSI CEMU3BEHHOTO IPOCTPAHCTBEHHOIO IIIAPHUPHOIO
MexaHu3Ma 0e3 U30bITOYHON (IMacCCUBHOI) CBSA3U MaIllMH CO
CJIOXKHBIM JIBIDKEHHEM paboueil eMKOCTH IJIsi OOBEMHOI 00~
pabotku neraneil. [TosyyeHbl MaTeMaTUYECKKE BbIpaXKEeHUS
IUTS pacyeTa OCHOBHBIX KOHCTPYKTUBHBIX U TEOMETPUYECKIX
rnapamMeTpoB JaHHOro MexaHusma. Pa3paboTaHa KOHCTpPYK-
LMl IIPUBOJIA MAIIMHBI, YTO IIO3BOJISIET PEAIM30BaTh Bpalle-
HMSI BeIyIIEeTo Bajia MAIIMHbI C OMHOBPEMEHHBIM BO3BPAaTHO-
[TOCTYIATEIbHBIM IIEPEMELIEHUEM, ITOJyYEHbI MaTeMaTUIe-
CKUE 3aBUCUMOCTH JUTSI pacyeTa OCHOBHBIX KOHCTPYKTUBHBIX
[MapaMeTPOB C LEIbI0 00eCIIeUeHUS YIJIOB JABICHUS B KITHE-
MaTUYECKUX ITapax MeXaHu3Ma B TOMYCTUMBIX Mpeeax.

KmoueBble cioBa: earmosounas mawiuHa, HPOCMPaH-
CMBEHHbLI MEXAHU3M, U30bIMO4HAs (NACCUBHAS) C6:3b, KUHE-
mamuueckas napa
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