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Abstract. A description of the design and principle of th®©MO crank-rocker impact mechanism
operation for cleaning the inner surfaces of thevgroplant coal bunkers is given. A brief review of
previous work on modeling the mechanism housingllason under the action of a forcing moment
arising due to rocker inertial forces is given. Hreblem of establishing the location influencelod
connecting rod-rocker kinematic pair on the ampit@and frequency of the driving moment is solved.
Based on the results obtained, recommendationBetotation of this kinematic pair are formulated
which provide a decrease in the amplitude of threifig moment acting on the mechanism housing
without a significant change in its frequency.

BJIUAHUE PACIHOJOXKEHUSA KUHEMATUYECKOM IMAPBI IIATYH-
KOPOMBICJIO HA KOJIEBAHHUSA KPUBOIIUITHO-KOPOMBICJIOBOI'O
YAAPHOI'O MEXAHU3MA MO-10

Epemvany B.3., Apcmanoek A.
Hnemumym mawunosedenus HAH KP;
Kuvipevizcko-Poccuiickuu Cnassanckuti ynugepcumen,
2. buwxex

KiroueBble ¢J10Ba: KPHUBOIIUITHO-KOPOMBICIIOBBIA ~ yIApPHBIA MEXaHU3M, KOJeOaHHs KOpIyca,
BBIHY)KJIAIOIINH MOMEHT, aMIUIATY/Ia, YaCTOTa, PAIIMOHAILHOE PACMIOJIOKEHHE KHHEMAaTHYECKON Taphl
IaTyH-KOPOMBICIIO.

AnHotauusi. [lpuBeneHo omnmMcaHWe KOHCTPYKIIMM W TPHHIUNA JCWCTBUS  KPUBOIIUITHO-
KOPOMBICIIOBOTO yaapHoro mexanusma MO-10 mis o4MCTKM BHYTPEHHUX MOBEPXHOCTEH YroJbHBIX
oyukepoB TOII. Jlam kpaTkuii 0030p MHpEnNIECTBYIOUIUX pPabOT MO MOJETUPOBAHHUIO KOJIeOaHMIA
KOpIyca JTOr0 MeXaHW3Ma TOJ JCHCTBHEM BBIHYKIAIOIIETO MOMEHTA, BO3HUKAIOIIETO H3-3a
WHEPIMOHHBIX CWJI  KOpOMBICNA. PemieHa 3amadya  yCTAHOBICHHS BIHSIHHS — PACIIOJIOKEHHUS
KMHEMaTUYECKON Iapbl MIAaTyH-KOPOMBICIIO Ha aMIUIMTYy M 4acTOTy BBIHY)KJarolero MoMenra. Ha
OCHOBE TIOJIYYCHHBIX PpE3yJIbTaTOB CPOPMYIHPOBAHBI PEKOMEHJANNU TI0 PACIOJIOKEHHIO 3TOH
KMHEMAaTUYEeCKOW TMaphl, 00ECIEeYNBAIONINE CHIDKCHWE aMIUIUTYABl BBIHYKIAIOIIETO MOMEHTA,
JICHCTBYIOIIETO Ha KOPITYC MeXaHu3Ma 0e3 CyIIeCTBEHHOTO U3MEHEHHUS €r0 YacTOTHI.

In previous years, MO-10 crank-rocker impact medranvas developed at the
Engineering Academy of the Kyrgyz Republic anditaogt of Engineering Science of
the NAS Kyrgyz Republic [1], which was installed the outer walls of coal bunkers
of the Bishkek power plant. With its periodic inglon, the inner surfaces of the bunker
were cleaned of adhering coal mass.

49



CoBpeMeHHbIe MPo0IeMbl TecopuH MamuH. — 2019, -Ne8

The crank — rocker impact mechanism consists afkcia connecting rod 2 and
rocker 3 (Fig. 1). Kinematic pairA andD are located in the housing of the impact
mechanism. When the crank is rotated, the rockakimg oscillating movements about
the D axis, strikes the tool, which rests on the surfameg machined.

o~

F - .
/ - Ad
/ ~~_3 i

! ~ 2
i f g
v ‘3114
o -
5 D

1 —crank; 2 — connecting rod; 3 — rocker; 4 — tool
Fig. 1. Crank-rocker impact mechanism scheme

In this figure,¢ is the angle of crank rotation, which is takenaageneralized
coordinate; y, S are the rotation angles of the rocker arm and ecimg rod
respectively, depending on the generalized cootelinas the angle between the lines
DCyandDS which determines the position of the connectimgrnocker kinematic on
the rocker body.

To reduce the dynamic loads on the axis of the @oekm at the moment of
impact, its shape is chosen in a way so that tikeceof gravity of the rocker arm
(point ) is located on the line connecting its axis oatwin D with the contact point of
the rocker arm and tool at a distahggsatisfying the condition:

los = Ji

DS mIDH )
whereJ, — is the moment of inertia of the rocker relatieghe axis of rotation, kg?'n
m —is the mass of the rocker, Kgi; — is the distance from the axis of rotation of the
rocker to the point of contact of the rocker witle tool, m.

In fig. 2, a structural diagram of the impact maetdem MO-10 is presented. The
crank-rocker mechanism is located in the housifgid. 2), which can rotate relative
to the axis of the crank. When the mechanism is working, reactions occgritmthe
bearings of the rocker and crank act on its housihg reactions in the rocker bearing
create a driving moment, which leads to angulaillaion of the mechanism housing
relative to the axis of the crark
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1 — housing; 2 — rocker; 3 — tool; 4 — sole; 5 ecpssed surface; 6 — bearings; 7 — clamping
mechanism of the housing to the tdei; P,, P; — respectively, the force in contact of the
rocker with the tool, the housing with the tool @hd pressure force of the housing to the tool

Fig. 2. Structural scheme of the impact mechanisor 0

The kinematics and dynamics of crank-rocker impawéchanisms were
considered in detail in articles [2-5]. Significhnless attention in previous works was
given to the study of dynamic processes that odaung the interaction of the impact
mechanism with the mechanism of its clamping towbeking tool. But as practice has
shown, these processes have a significant impattteodurability of the machine parts
and the tool.

This led to solving the problem of choosing the magle of the pressing force
of the impact mechanism with the tool to the warkfgce, which ensures a decrease in
dynamic loads on its housing.

In the article [6], the requirements for the clamgpidevice of the impact
mechanism are presented. The clamping device hastum the impact mechanism
housing with the tool to the work surface beforeheaubsequent impact. This is
achieved by imposing certain conditions on the &@oge of the housing driving
moment and the speed of its impact with the beatieivorking tool. The fulfillment
of these conditions is ensured by the choice ofgiang device stretching and rigidity.

In this regard, in the article [7], interconnecBoof the springs’ parameters with
the oscillations amplitude of the housing and mdlision speed with the tool were
established. The results obtained make it posdiblselect the parameters of the
clamping device that satisfy the accepted restnstiwith the known law of the driving
moment change.

As noted above, the forcing moment is determinedhieyreactionsR; and Ry,
acting on the housing of the impact mechanism tukar bearing (Fig. 2). Studies
conducted in [8] showed that these reactions departie position of the “connecting
rod-rocker” kinematic pair located on the rockeig(R). In this regard, the objectives
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of this work were to establish the influence of guesition of the indicated pair on the
driving moment acting on the housing of the MO-1€chanism.
For the mechanism in the paper [8], it was found:

Rex = RysSin@ +a )+ Ryzcosf +a ); (1)
Ry, = Rhscos@y +a )~ Rgsing +a |, (2)
where

;M .

Rl ==+ R'sinar; 3)
3

2 _ RIsin[@-B)-a]+Rl cof ¢-B)a].
o sing - ) | “
R, = P, sina + P, cosa_ (5)

sin@y - )
Inertial forces at a constant speed of rotatiothefcrank are determined by the
formulas:

R =maf Uy bbs; B = mof Gibs M= Jef s, (6)
wherew; —is the angular speed of rotation of the crark,g,, U,— are analogues of

the speeds and accelerations of the rocker respbgtips — is the distance from the
axis of the rocker to its center of gravity, m.

The driving moment acting on the mechanism houswag found for positive
anglesa according to the formulas:

M :_Mx+My:_hLR3x+ r’b%y’
and for negative angles
M :Mx+My:th8x+ r’b%y
whereh; andh, — are the arms of reactions relative to @is
In Fig. 3, as an example, the dependences of timglmoments on the rotation
angle of the crank at various anglealues are shown.
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Fig. 3. Dependences of the driving moments fronrthation angle of the crank for
various angle values af —40° (curve 1), 0° (curve 2), +40° (curve 3)
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In the article [7], it was proposed to approximtitese dependences with a half-
wave sinusoid with amplitudd and frequency.
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o<t<t, M=¢(;
t, <t<T, M=Hsinut;

u=ml(T-t),
whereT —is the rotation period of the crank, tg— is the beginning of the driving
moment action, gj — is the frequency of the driving moment change, s
In this case, the time momentand the frequency are found from the condition
of equality of the kinetic moment in the real amg@ximating functions. In Fig. 4, the
obtained dependences of the driving moment amgitut frequency on the angle
are shown.
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Fig. 4. Dependences of driving moment amplitudeata) frequency (b)
from anglex

From Fig. 4a, it follows that in order to reducee tdriving moment, it is
necessary that the anglas positive and have the greatest value thatdhker design
allows. When the angle changes from —20° to 40°, the dependeklife) with an
uncertainty not exceeding 6% can be approximatedl Ibyear function:

M, . =675-12r.

As the anglea decreases from —60° to 0°, the frequency of theindy load
decreases almost by half, and then practically am¢schange with increasing to
+40°,

Based on the results of the research, the followorrlusions can be drawn. To
reduce the dynamic loads acting on the impact nestrahousing and the elements of
the mechanism of its clamping to the tool when rleg the bunkers, the angte
should be positive. It is necessary to strive twaase this angle, as far as the design of
the rocker allows. In this range @fvariation, a constant of the driving moment change
frequency is provided, which is equal to 117-120 Shese conclusions allow to
choose the design parameters of the rocker, satsfige accepted conditions.
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