ISSN 1563-0277, eISSN 2617-4871 JMMCS. Ne2 (118). 2023 https://bm.kaznu kz

2-0esiM Pazgen 2 Section 2
Mexanuka Mexanuka Mechanics
IRSTTI 30.15.35 DOI: https://doi.org/10.26577/IMMCS.2023.v118.12.06

U.T. Abdrakhimov* ", A.A. Akimkhanova
Almaty Technological University, Kazakhstan, Almaty
*e-mail: 7055478214@Qmail.ru

KINETOSTATIC CALCULATION OF A HIGH CLASS LIFTING
MECHANISM (BY ASSUR CLASSIFICATION) OF A TECHNOLOGICAL
LOAD-LIFTING MACHINE

To improve the technical level of mechanical engineering, it is necessary to expand the technical
capabilities of equipment and devices, existing structures, as well as equipping them with
fundamentally new mechanisms.

The creation of new designs of machines and mechanisms requires the design of lever mechanisms
of high classes, the working bodies of which can reproduce complex movements and trajectories.
Due to the presence of movable, variable closed hinge-lever contours, lever mechanisms of high
classes, unlike traditional lever mechanisms with lower pairs, perceive heavy loads, have increased
rigidity.

On the basis of a high-class rectilinear guiding mechanism, a lever mechanism has been designed
that can be used in lifting machines and mechanisms.

An important machine kinetics section is the force analysis of mechanisms by the given laws of
motion of the initial elements and known external forces applied to the mechanism segments. The
paper proposes a new design of a lifting mechanism, the peculiarity of which is that it belongs
to the high-class Assur group by its structure, which causes ease of operation and reliability of
the design. For this design, a synthesis of the mechanism was carried out in [1], and now a force
analysis of this mechanism is being performed using the Academician U.A. Dzholdasbekov method
of introducing auxiliary points.

Key words: high-class mechanisms, kinetostatic analysis, U.A. Dzholdasbekov auxiliary points.
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TexXHOJIOTUSJIBIK, )KYK KOTEPrilll MallluHAHBIH, KOFapbl KiacTbl (Accyp KJiaccudukauschbl
GOMBIHIIIA) KOTEPY MEXaHU3MiHIH KMHETOCTATUKAJBIK, ecebi

Mamuna KacaymplH TEXHUKAJBIK JEHI'eiH apTThIpy VIIIH Ka0AbIKTap MeH KYPBLUIFBLIAPIbIH,
KOJIJTAaHBICTarbl KOHCTPYKITUSJIAPIBIH, TEXHUKAJIBIK MYMKIHJTIKTEDIH KEeHENTY, COHIall-aK oJiapIpl
Tybereiuni 2KaHa MeXaHU3M/IEPMEH Ka0/IbIKTay KayKeT.

Mamunanap MeH MeXaHU3MJIEP/IiH *KaHa KOHCTPYKIHSIAPBIH Kacay YIIH YKYMBIC OpTraHIapbl
KypJeai KO3FaJblCTap MeH TPaeKTOPHAIapApl KalTajail ajaThIH *KOFapbl KJIACTBI TeTIKTep.i
Kobasay KaxKer.

ZKbIKbIMaJIBl ©3repMerti 2KaObIK, TOIICAJIbI-PBIYArTHIK, Ti30eKTep il 00JIybIHA 6alIaHbICTHI YKOFa-
PBI KJIAaCTHI PBIYArThIK MEXaHU3M/IEP, TOMEHTI KYITaphl 6ap JI9CTYPJIi PHIYarThlK MeXaHU3M/IEPIeH
Al BIPMAIIBLIBIFBL, YIKEH KYKTeMeJIepl KabbLIIai/ bl KoHe KATTHIIBIFDI XKOFapbLIaiiIbl.
2Koraps! meHreitsii Ty3y ChI3BIKTHI OAFBITTAYIBI MEXAHM3MHIH, HETi3iH/Ie KYK KOTEprilll MaIllnHa~
JIap MEeH MeXaHu3M/ep/e KOJJIAHyra O0JAThIH PhlYar MEXaHU3Mi YKACAJIFAH.

© 2023 Al-Farabi Kazakh National University
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MarmuHa ap JUHAMHKACBIHBIH MaHbI3/Ibl TapayJ/IapbIHbIH Oipi-MexXaHu3M OybIHIapbIHA KOJIIAHBI-
JIaTBIH 6acTalKbl OYBIHIAD MeH OeJIrlyli CBIPTKBI KYIITEP/IiH OepijreH KO3FaJiblC 3aHIapbl OONBIH-
ma MeXaHU3MIEP/IiH KYIITIK Tajagaybl. Makaiia KeTepy MEeXaHU3MHBIH YKaHa TU3afHbIH YChIHAIHI,
OHBIH, €PEKINEIT KYPBLIBIMBIHIIA, OJT }KOFaphl KJIacThl Accyp TOOBIHA KaTaJIbl, Oy 6aCKapYIbIH Ka-
PATTaiBIMIBLIBIFB MEH KOHCTDPYKIIUSTHBIH, CeHIMTLTIriHe oKesneni. Byur xxoba Goiibama [1] sxymbicta
MEXaHU3MHIH CHHTE31 MEeH TaJIIaybl XKYPri3iijl, aa Ka3ip Oy MEXaHU3MHBIH KYIITIK TaJIIaybl aKa-
nemuk O.A. 2KoanacOeKoBTHIH KOMEKII HYKTEIEPIl eHri3y oici OOUbIHIA XKYPrisiiy/ie.

Tyitin ce3aep: »Korapbl KJIACC MEXaHU3MJEPi, KHHETOCTATUKAJBIK Tajay, O.A. ZKomgacbekos-
TBHIH KOMEKIT HYKTeJepi.

V. T. Aonpaxumon®, A.A. AkumxaHoBa
AJiMaTuHCKIH TeXHOJIOTMYecKuil yHuBepcuTeT, Kaszaxcras, r. AjMaTs
*e-mail: 7055478214@Qmail.ru

Kunerocrarudeckuii pacuer MexaHu3Ma HOAbeMa BBICOKOro KJjacca (mno Kiaccudukamumn
Accypa) TeXHOJIOrUYEeCKO rpy30Mo/beMHON MAIIUHBI

JLJ1si TIOBBIIIIEHNST TEXHUYECKOTO yPOBHSI MAIIMHOCTPOEHUsI, TPeOyeTcsl pacIIupeHne TeXHIIECKUX
BO3MOXKHOCTEl 0DOPYIOBaHUsI U YCTPONCTB, CYIIECTBYIOIMNX KOHCTPYKIUI, & TAaKXKe OCHAIIEHUE
VX TPUHITUITHAIBHO HOBBIMYU MEXAHU3MAMH.

Cozjanre HOBBIX KOHCTDYKIWII MAIIMH U MEXaHU3MOB, TpeOyeT MPOEKTHPOBAHUE PBITAXKHBIX
MEXaHU3MOB BBICOKHX KJIACCOB, pabOvYhe OpraHbl KOTOPBIX MOTLYT BOCHPOU3BOJHUTDH CJIOXKHBIE
JBUKEHUS U TPAEKTOPUU.

Braromapst HaJIMYUIO MOIBMKHBIX M3MEHSIFOIUXCS 3aMKHYTHIX MAPHUPHO-PBIYaXKHBIX KOHTYPOB,
PBIYaKHbIE MEXAHU3MBbI BBICOKUX KJIACCOB B OTJIMYME OT TPAAUIMOHHBIX PBIUAXKHBIX MEXAHU3MOB
C HU3IMIAMU TapaMi, BOCIPUHUMAIOT OOJIBINIE HAIPY3KH, 00JIaJAI0T TOBBIIIIEHHON YKECTKOCTHIO.
Ha 6a3ze npsimosimHETHO-HAIIPABJISIIONIETO MEXaHU3Ma BBICOKOTO KJIACCA CIIPOEKTUPOBAH PhIYaK-
HBIIl MEXaHU3M, KOTOPbII MOYKET OBITH UCIIOJb30BAH B I'PY30II0/bEMHBIX MalllMHAX U MEXaHU3MaX.
OsHMM ¥3 BaXKHBIX Pa3/e/ioB JIMHAMHUKHM MAIIUH SIBJISIETCS CUJIOBOH aHAJM3 MEXaHU3MOB IIO
3a/JAHHBIM 3aKOHAM JIBU2KEHUsI HAYAJBHBIX 3BEHBEB W U3BECTHBIX BHEITHUX CUJI, IPUJIOXKEHHBIX
K 3BEHbsIM MeXaHW3Ma. B crarbe mpejiaraeTcs HOBasg KOHCTPYKINS IObEMHOIO MEXaHU3MA,
0COGEHHOCTBIO KOTOPOT'O SIBJISIETCSI TO, YTO OH IO CBOEl CTPYKTYpe OTHOCHUTCs K rpytime Accypa
BBICOKOI'O KJIACCA, 9TO O0YCJIABINBAET IIPOCTOTY B YIPABJIECHUH U HAJIEKHOCTb KOHCTPYKIWH. [yt
JIAHHON KOHCTPYKIMU B padore [1| MpOM3BOAMIICS CHHTE3 MEXaHHM3Ma, a Telephb IIPOM3BOUTCS
CUJIOBOI aHAJIN3 JIAHHOTO MEXaHU3Ma [0 METOJy BBOJA BCIIOMOIaTeIbHBIX TOUEK aKajeMuka Y.A.
JxxommachekoBa.

KiroueBble cjioBa: MeXaHU3Mbl BBHICOKOTO KJacca, KUHETOCTATUYECKUN aHAJIU3, BCIIOMOraTe b
weie Touku Y.A. JIxkosmacoekosa.

1 Introduction

In order to increase the technical level of mechanical engineering, it is necessary to expand the
processing capability of mechanical facilities and devices of existing configurations, as well as
equipping them with fundamentally new mechanisms. The development of new configurations
of machines and mechanisms, as well as equipment, requires design engineering high class lever
mechanisms whose working parts can reproduce complex movements and trajectories. Due to
the availability of movable, variable closed hinge-lever contours, high class lever mechanisms,
unlike traditional lever mechanisms with lower pairs, stand heavy loads and have increased
rigidity [3]. They provide qualitatively diverse spatial movements of two or more output
executive parts. The applicability of spatial mechanisms of high classes undoubtedly causes
interest in the development of research on these mechanisms. In this regard, the use of high
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class spatial mechanisms for the purpose of designing lifting machines and mechanisms is
highly relevant.

2 Materials and methods

As part of the project on developing domestic universal configurations of technological lifting
machines and mechanisms, a new high-class mechanism with a leading element in the form of
a slider has been proposed. The paper on "Justification and development of a new mechanism
for lifting devices of transport and logistics sectors of the economy" in [1] presents a synthesis
of a high-class rectilinear guiding mechanism with a leading slider (Figure 1).

Figure 1: Lifting mechanism

In this construction design, the input element 1 receives rectilinear motion from the
hydraulic cylinder. It acts on the three-hinged lever 2, forcing it to turn. Two connecting
rods are attached to the three sides of the lever. The first connecting rod 3 interacts with
a three-hinged rocker arm 4, while it performs rotational movements relative to the point
O;. The second connecting rod — 5 is the output. The movement of the element 4 around
the hinge O; causes rectilinear vertical movement of the working point P, according to the
parameters of this mechanism determined by the synthesis.

The expressions obtained during kinematic analysis solve the problem of determining the
generalized coordinates of the lifting mechanism of the designed equipment according to a
given position of the input element (Figure 2). Based on the kinematic dependences obtained,
the displacements, velocities and accelerations of the elements of the mechanism under study
are determined [9)].
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An important machine kinetics section is the force analysis of mechanisms by the given
laws of motion of the initial elements and known external forces applied to the mechanism
segments [4]. There are cases when some of the external forces under which the accepted
laws of motion of the initial elements take place are considered unknown. In solving both
problems, the principle of kinetostatics is used, according to which the mechanism as a whole
or its separate element can be considered as being in equilibrium, if inertia forces are added
to all external forces acting on it.

Having found the vectors of the inertia forces of the elements and the points of their
application, we will proceed to the force analysis of the projected mechanism (a high-class
mechanism, namely the Tvth according to the Assur-Artobolevsky classification), based on
the introduction of A. Dzholdasbekov auxiliary points, which will reduce the problem of HCM
(high class mechanisms) kinetostatics to solving a set of linear equations with one desired
quantity.

3 Results and discussion

The statement that the order of force calculation corresponds to the reverse order of kinematic
analysis must be observed only with an unknown balancing force [8]. If in order to determine
the reaction forces in kinematic pairs the balancing force is known, it is obvious that the
results of the force calculation should not depend on the order of analysis. Such a force will
be qu — the driving force whose line of action is always determined by the engineering design
of the transmission mechanism.

The solution of the problem should be carried out in the following sequence:

— determining the accelerations of the centres of gravity of the mechanism elements;

— finding the forces and moments of inertia acting on the mechanism elements according
to the known element accelerations;

— determining the desired reactions in the kinematic pairs of the mechanism and the
balancing force at the input element.

Let’s focus in more detail on the last point of solving the problem. Using the method of
replacing the leading element, we transform the mechanism (Figure 1). Taking element 4 as
the leading element, we obtain a class /1] mechanism with the structural formula I (4) —
I17(3,5,2,1)

For such a mechanism, solving force analysis problems explicitly becomes easy.

We set up the equilibrium equations of the moments of forces acting on elements 3 and 5
relative to the corresponding points B and C, and receive

(1)

P§ - lps, - sings — Pj - lpg, cos s + N33 - lgp = 0,
Pg . l055 -sing05 —Pé’l . 1055 COS @5 +Né/2 'ZEC = 0.

These equations are easily solvable with respect to unknowns Ngf , Né”f provided that Igp

and [gc are non-zero.
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Figure 2: Scheme for the calculation

Then we introduce auxiliary points, the so-called Assur — Dzholdasbekov critical points
Q15, Q53, Q13 and determine their coordinates (g, ) as the coordinates of the intersection
points of the corresponding right lines passing along the pinion carriers O1A, EC, BD
(Figure 2).

Using the equations of the right lines passing through the given points C' and B with
known angles of inclination ¢5 and @3, we obtain the following system of equations:

YQ53 - XQ53 “tg s = YC — tgps, (2)
YQ53 - XQ53 “tg 3 =Yg — tg 3.

This system of equations has a unique solution by definition (X¢,,, Yo.,), if tg; —tgs # 0.

The coordinates Xq,,, Yo.,, X015, You5 of the critical points ()13 and Q)15 are determined
similarly.

Next, we draw up the equilibrium equations of the moments of all forces acting on the
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Assur group as a whole relative to the singular point Q53
PZ - lgas, - sins — PY - lg.,s, - €08 @5 — Py - lg.,s, - SN pg, —
—P -1, - COS s, — P§ - lgs,s, - Sinps+
+P5 1., - COS 3+ PP lga,s, - sings, — Py - lgs,s, - €os ps, +
+NZ lg.sp — NIt - lgsap + NY§ - lgsss, - €0s s, = 0,

Yi — YQss

s
where g, = arctg < ) — angular coordinate of vector (Q53.5;=1 2;

Xi— XQ53
— Et
Yo, = arctg (M — angular coordinate of vector QQ5301;
X01 - XQ53
- s
Y4, = arctg (M> — angular coordinate of vector (Q53A4;.
XAI - XQ53

This equation has one unknown N7

Next, the unknowns N;ff’ and N;if are determined similarly.
To determine the reaction in the hinge (Figure 2) we draw up the equilibrium equations
of element 5 in projections to coordinate systems Ex; y;

{N;% + P2 - cos p5 + PY - sin 5 + N5)§5 =0, )

Ngjf —ng-sin¢5+Pg/-cosgp5—l—N§;5 =0.

These equations are always solvable with respect to the desired N?; and N;fg The
reactions in other hinges are determined similarly.
For the equilibrium of the conventional leading element 4, the following conditions must
be met:
Ny = N + N + Pf,
Njy =N+ N+ P,
Myo = N5 (Yo — Yi) + Nis(Xo — Xp) + N5 (Yo — Yp) + Nj3(Xo — Xp)+
+P (Yo — Vs,) + Py (Xo — Xs,).

In this equation, in order to determine the whole system, the moment value My, is
introduced.
The following method of solving the problem is proposed:

— a number of specific values of the desired balancing force ﬁyp at the input element 1 is
set within the range:
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Pon < P < PR =00

Pypis1 = Pypi+ AP, Py, = PP" +iAP,

max __ pmin

where AP = 22— P> P — can be determined based on the design features;

n—1

— each value P, is accepted as set for the transformed mechanism, the force analysis
is performed, and the desired reactions in kinematic pairs as well as the conditional
moment My, are determined;

— the criteria for the correct result of the power analysis will be meeting the condition
M40 - 0

4 Conclusion

The kinetostatic analysis of the mechanism was first performed using the critical points

sug,
exp
the

gested by academician U.A. Dzholdasbekov, which allowed solving the problem in an
licit analytical form. The paper scientifically substantiates and practically implements
practice of developing new effective types of auxiliary lifting technological machines and

mechanisms. As can be seen from the research solutions, the research is aimed at expanding

the

technological capabilities of equipment and devices of existing configurations, equipping

them with fundamentally new high class mechanisms, whose working parts can reproduce
complex movements and trajectories, and also have increased rigidity, due to the availability
of movable modifiable closed hinge-lever contours.
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