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PRELIMINARY TENSION OF CLAMP DEVICE OF MECHANISM MO -10
INFLUENCE ON ITS OSCILLATIONS
Eremyants V.E., Arstanbek A.

Keywords: impact mechanism, tool, clamp device, amplitudesdifllations, impact velocity.
Abstract. The mathematical model of the impact mechanisnillasons is developed taking into
account pre-tension of the spring device of itanglang to the tool. Formulas are obtained for
determining the displacement and speed of the bsdyfunction of time, preliminary tension of the
clamping device and parameters of the forcing load.

BJUSHUE MMPEIBAPUTEJIBHOI'O HATSITA YCTPOMCTBA
NPUKUMA MEXAHU3MA MO-10HA EI'O KOJIEBAHUSA
Epemvany B.3., Apcmanoek A.

KnwueBble cjioBa: ygapHbli MEXaHHU3M, HHCTPYMEHT, YCTPOWCTBO MPHKHUMA, aMILUIUTYyAa
KOJICOaHUH, CKOPOCTh yapa.

AnHoTamms. Pa3paborana maremaTmdeckas MOAETb KOJeOaHHMS KOpIyca yOapHOTO MeEXaHH3Ma,
YUUTHIBAIOLIAS MPEBAPUTENbHBIA HATAT MPYKMHHOTO YCTPONCTBAa €ro MpHKUMa K HMHCTPYMEHTY.
[omy4ens! (GopMynbl UIA OTpeNeNeHns] MepeMeIIeHNs W CKOPOCTH KOpITyca B 3aBUCHMOCTH OT
BpPEMEHH, [IPEIBAPUTEIILHOTO HATATa YCTPOUCTBA MPHXKUMA U ITApaMeTPOB BBIHYKIAIOIIEH Harpy3Ku.

The MO-10 crank-rocker impact mechanism is usethenMB-10 machine
for vibro-impact cleaning of thermoelectric plardat bunkers and systems for
transporting coal fines to furnaces. Its constarct@nd principle of operation are
described in papers [1, 2]. These machines are tedwn the side surfaces of an
object being treated and are periodically turnedt@mrevent from coal fines
sticking on its internal surfaces.

During the machine operation under the action attree loads, the body of the
impact mechanism oscillates relative to the workow and strikes the instrument. It
is shown in [2] that the oscillations’ amplitudetbé impact mechanism body and the
speed of its collision with the tool are the maiitecia for effective operation of the
machine determining its productivity and durabilitherefore, certain limitations are
imposed on the amplitude of the oscillations arel ithpact velocity related to the
reduction of impact loads on the mechanism bodytlaadool.

Denoting the movement of the mechanism body redativthe tooly, these
limitations can be written as:

Yosh  Yq S[Vo] ,
whereh is the value of free path of the body relativéh® tool (Figure 1);\o] - the
speed of impact of the body with the tool, allowsdthe condition of the strength
of elements.

To meet these limitations, it is necessary to ktiosvinterrelationships of the
characteristics of the mechanism body oscillationth the parameters of the
impact mechanism and the mechanism of its clamiairtige tool, as well as the law
of the change in the forcing forces acting on tbdybof the impact mechanism. To
identify these relationships, it is necessary toetlgp and analyze an appropriate
dynamic model. The solution of this problem wasurem previous papers [1-3].

It was established in [1], that the forcing loads determined mainly by the
reactions occurring in supports of the crank-rockapact mechanism between
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impacts. In paper [2] the characteristic of thecifoy loads is presented, which is
represented in the form of a sinus function, actinga certain length of time before
the impact striker strikes the instrument. In [8 vibrations of the body of the impact
mechanism under the action of the forcing load vimrestigated without taking into
account the possible pre-tension of the springseo€lamping mechanism.

The tasks of this work included the investigatidrihe pre-tension influence
of the springs on the body dynamics of the MO-1@maaism.

The calculation scheme of the system under studiyasvn in Figure 1.
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Fig. 1. Scheme of the system under study

It consists of the mechanism body 1, which canteotelative to the fixed
support 2 under the action of the driving torddé&). The body is pressed by the
spring mechanism 3. Under the influence of theseef) the body oscillates, striking
the shoulder of the tool 4, which rests on the rostigface of the bunker. Under the
action of impacts, the inner surface of the bumkefteaned of the adhering coal mass.

The law of the change in the driving moment hadan@, shown in Figure 2.
According to the data of [2], it is described bfuaction:

o<t<t, M =0;
t, <t<T, M (t) =H sinut,
wheret; — beginning time of the driving moment actidn: one cycle time of the
impact mechanism movement:
T=1/f =wl2m,
f — frequency of impactsy — angular velocity of the impact mechanism crathky
— the amplitude and frequency of the change irdtheng torque respectively:
u=ml(T-t).

If there is a preliminary deformation of springsvaluea, then the movement
of the impact mechanism body will begin at titggFigure 2), when the driving
torque will reach the value due to the pre-deforomabf the springs. The equality
of these moments is determined by the relation:

cal =H sinu(ty —ty),
wherec — coefficient of spring stiffnes$— shoulder of elastic force (distance from
the axis of rotation of the mechanism body to thltudinal axis of the springs).

From this relation follows:

to =ty +(1/p)arcsiv,  v=ca H,
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wherev — is the dimensionless parameter equal to the ditithe torque of the

preliminary tightening of springs to the amplituafethe driving torque.
Jk‘!'kir

H

cal

t, £, T T+h 2T 1
Fig. 2. Dependence of the driving torque on time

From the beginning of the movement of the impactimaism the equations
of the system motion under consideration at differeme intervals have the
following form:

to<t<T, @+k*p=Hsinut-t,)-Kk¢y; (1)
T<t<T+t, @+k’p=-k’p,, (2)
whereg — is the angular displacement of the mechanisny beldtive to the initial

position; k — is the natural oscillation frequency of the body — is the angle
corresponding to the preliminary deformation ofisgs,

k=1/c/J; ¢,=all

J — moment of inertia of the impact mechanism reéato the axis of its rotation.
Considering the relationship between the angleot#tion of the mechanism
body and its movement along the arc relative tostimilder of the tool:

Yo(t) =1od (1) ,
wherelp — is the distance from the axis of rotation of Hoely to the longitudinal
axis of the tool, we can rewrite the equation otioroin new coordinates:

ty<t<T, Vo+k%y,=Hl,sinut-ty)-k%i; 3)
T<t<T+t, V,+k3y,=-k%A, (4)
wherel = lg/l.
The solution of the equation of motion (3) undetiahconditions
Yo1 = Yolto) =0; Yo1=Yolt =0,
has the form:
Yo(t) = Assinus(t —tg)+ By cosus {—to )+ C sinu (—t, yal. (5)
I_|—|°; A =-Ccosut,-t;)/s; Bj=al-Cv; s=k /u.
J 1P (32 —1)
In this case, the speed of the body of the mecharesative to the impact end
of the tool is determined as:

Yo(t) = us| A cosus ¢ —t,)-B, sinus {~t, )+ (C /s) cogs t(-t, ) (6)
Depending on the parametsr the impact on the instrument can occur at
different time intervals.

whereC =
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In the case of the first intervap < t < T, the body does not strike the
instrument, then it is necessary to turn to theagqo of motion (4). The initial
conditions for solving it are:

Yoz = Yo(T); Yo2=YdT),
and the solution is described by a function:

Yo(®) =%sinus(t—n+ (Yop+ad) cosus (- T )-aj (7)
Yo(t) = Yopcosus € =T )— us(ygo+ad )sinus (=T . (8)

In the case of the considered interval of the nmotd the mechanism body
impact with the tool did not occur, then the nexerval should be considered, etc.
In this case, the initial conditions for the nexterval are the values of the
displacements and velocities of the impact mechabisdy at the previous interval.

As a result, for different intervals of motion, Wwave

T+t <t<2T
Yo(t) = Agsinust-T —-t;)+Bscosus (—T —t; 4 C sinu (-T —-t, yad
2T <t< 2T +4
Yo(t) =224 sinps(t - 27 )+ (you +ad Jcosus (- T yad;
US
2T+, <t<3r

Yo(t) = Assinust - 2 -t )+ Bgcous (- 2 —t; »C sip t(- 2-t; yad.
In these solutions for the th interval of motion, we have
A =(Yo ~Cu)l us; B =yg+al.

To find the amplitude of the body oscillations #dtedent intervals of motion,
it is necessary to equate the body speed in a giterval to zero, find the time
corresponding to this condition, and substitute the displacement function.

To find the impact speed of the body on the toaustier, it is necessary to
equate the movement in this interval to zero, find time corresponding to this
movement, and substitute it in the formula for detaing the speed. If the time
values found are outside the range considered,ithemecessary to proceed to the
next time interval.

As an example, Figure 3 shows diagrams of the anagiof the oscillations
of the hull (a) and the speed of its collision witfe tool (b) from the parametsr
when the springs are pre-tensioned by 4.5 mm.

Yomax, MM VO’ M/C
40 \ 0,8 >~
30 0,6 \\
20 0,4
N N
10 \\ 0,2 N
! N
0 0,2 04 06 08 1,0 s 0 02 0406 0,8 1,0 s
a b

Fig. 3. Dependence of the vibration amplitude efltody (a) and the velocity of its
collision with the tool (b) on the parameter
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From these dependences it follows that, for exampigen the vibration
amplitude is limited to 5 mm, the ratsanust be greater than 0.6. This is ensured by
choosing the appropriate spring stiffness.

The formulas obtained make it possible to analyze influence of the
parameters of the impact mechanism and the clammpeahanism on the amplitude
of the vibrations of the impact mechanism body #relspeed of its collision with
the tool. Based on the established dependenciess ipossible to develop
recommendations for choosing rational parametethetlamping mechanism that
satisfy the specified limitations.
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