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The aim of this work is to find the methods of reducing noise Llenpio paboOTHI SIBISICS TIOMCK METOJOB CHIDKCHHS YPOBHS
and vibration in the belt drive of the electromechanical drive of TIVMa, i BHOpaIiH [REMEHHOM HEpeadi B
ANIEKTPOMEXAaHUUECCKOM HPHBOJIC BBIOPAHHOTO

the selected technological equipment. Thus, we are having
TEXHOJIOTHYECKOTO O0OpyIOBaHWS JUIA CO3MaHUS —Ooiee

more comfortable working conditions in the workplace in KOMDODTHBIX YCTOBMH Tpyia paGouero ¢ coGmofeHueM

compliance with the sanitary standards of noise and vibration. CAHHTAPHBIX HOPM.
The noise abatement techniques and the simulation of the PaccmarpuBaroTcs  cmocoObl  CHWKEHMS — IIymMa U
MOJICTUPOBAaHNE BHOpalMK Tepenad ¢ THUOKOH  CBS3bIO

vibration of the grinding woodworker flexible gearing are
. . . . . T OBATBHOTO JIepeBo0OpabaTHIBAIONIETO CTaHKa.
considered. Modeling was performed with the introduction of
MopenupoBaHie POU3BOAMIOCH NP BBEICHUH MEPEMEHHBIX

Euler variables. ~ The simulated dependences allow by Diinepa. IloayueHHBIE 3aBHCHMOCTH IO3BOJISIIOT PACUCTHBIM

calculation determine noise levels and load characteristics of [yTeM ONpENENUTh  YPOBHH IIyMa ¥  HArpy304YHbIE

the selected equipment. The comparison between the expected XapaKTCPUCTUKN ~ BHIOPAHHOTO  0GopynoBaHus. CpaBHCHHE
. g oo 0KHIAEMbIX OBHEH IIymMa C CAHUTAPHBIMH HOPMAaMU
noise levels and the sanitary standards allow determining the 4 yp Y P P

MO3BOJISIET  KOJIMYECTBEHHO OMPECNATh  MPEBBILICHAS 1

exceedance and the sources of its generation. All this is the .
o0pasylone UX UCTOYHHKH, YTO SIBISETCS OCHOBOW BBIOOpA

basis for selecting the engineering solutions to observe the MHIKEHEPHBIX PELCHHIT 10 COOMIONCHIIO CAHUTAPHBIX HOPM.
noise code.

Keywords: noise, vibration, belt gearing, noise reduction, KnwueBble cioBa: 1myM, BHOpalus, pEeMEHHbBIC Mepeaau,
noise levels. CHIDKCHHUE ITyMa, YPOBHH IIyMa.

Introduction: Transmissions with flexible connection, to which strap transmissions behave to, are becoming more and more
common in the technological equipment. This is especially true to the high-speed and low-rate equipment; in particular, to
grinding woodworking machine tools, tool-grinding and drilling machine tools that do not have a gear drive, and their spindles

are rotated through the driving belts.

* The research is done within the frame of the independent R&D.
** E-mail: marina_agm@mail.ru
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Fig. 1. The noise of belt drives at TM =22-45 N'm-s [1]: 1- belt gear;
2 - flat; 3 - belts wedge

The main part. In the established operating mode, the engine torque is balanced by the point of cutting forces. We will
designate the appropriate voltage in branches: o, - in leading branch and o, - in driven. Lengthens of branches of the tape
caused by additional voltage arising at oscillations of pulleys, are defined as:

R
Al = Ao, -[é—u—ZE(l—l“O O)J:alAcl (1)
0
I R, .
Aly =Ac, | ———2(1-1"" ) = qa,Ac
2 2 [E P«oE( )j 2 2

where 1 is the distance between the axles of pulleys, m;

E is belt material spring constant, Pa; R; and R, are the radii of leading and driven pulleys, m; ¢,=150° is the angle of elastic
slip of flexible communication on the pulley; po= 0.3 is factor friction of flexible communication and pulley.

To the driven pulley, the periodic revolting moment of cutting forces AM = MO sin (wt) acts, where o is circular rotational
speed, rad/s.

Then the differential equations of the forced vibrations of pulleys look like in this case:

R? RR
04 +_10‘3(P1 — asp, =0 2
J1 Ji
2
R,

©5 + o3P, +;—0L3(p2 =M, -sinwt
2 2

where J; and J, are the moments of inertia of leading and driven pulleys, N-s>m;

F — is cross sectional area of the tape, M*; f o3 = (oy +0, )/ 040ty

We search for the decision of this system of the equations as:

® =@y Sinmt 3)

P2 = Py STN O

From the system, we will get:
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The voltage change in the belt drive branches is connected with lengthening of the branches:
R —R
Ay, = 1910 ~ 5P (5)
%

_ R930 = K10
15%)

Aoy

Then total voltage in the branches is defined as follows: o, =,y +0,gsinowt and o, =oc,,+ 0y sinwt .

To determine the vibration resistances of the belt drive branches as a moving flexible connection, we use the Euler variables.
Going from total derivatives to local we will receive:

or ot ot o ot oz

2 2 2 2
&y 8y 5,8y 28y
5t 842 525t 5t2

v_y e v, ¥ »

where v is linear speed of the belt movement , m/ s.
Then the well-known equation of oscillations of flexible connection to the case in question takes the form:
2 2 2
T
&y 5,08y _(__02)6_)’:0 (7)
512 3z8t  my 522

where my- distributed weight, kg / m; T- tension,H.
Belt branches tension changes in time, so the equations of oscillations respectively for the leading and driven branches take the
following form:

2 2 2
F FA
8—y+2(o 3y —| £910 TR0 i o — 2 &y )2/ (®)
5t? dz0t my my Sz
2 2 2
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From this system, speeds of oscillations on their own forms of oscillations are defined. On this base, considering the known
dependences of the natural oscillation frequencies of the flexible coupling, an acoustic model of a linear source is accepted.
The applicability of this model is confirmed by the fact that the belt length is much larger than the cross-sectional area. The
sound pressure level of the source based on the data is obtained in [3, 4] and is reduced to the following form:

for xph,>1
=003 /"% ©)
r
for xoh,>1
|p|=43M (10)

where K, is a wave number, 1/ m; h; and b, are the belt width and thickness (respectively) m; r is the distance from the belt to
calculated point, m; B is the function defining the amplitude-phase distribution of the vibration velocity on the surface of the
source and is given by:

B=

/
1

exp(—ik, z cos z 11
,—27”[ P( 0 ﬁ)d (11)

cos [ is angle of radiation; fi is natural oscillation frequencies of the belt, Hz, determined by the formula (5):
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[/ — length of the belt, m; x — factor determining the natural frequency; E —spring constant, Pa, J — section moment of inertia.

Using the representation of the elastic modulus in the complex form [19], we obtain an expression of the real part R, { s }

2
Jr . \/[nkj 2-i-ﬁ-l-\/2005r|/2

“20\\ 21 ) g T

where 1 - effective loss rate of oscillatory energy.

On this base, the dependences for determining the noise spectra of the belt drives are received
at koh, < 1
at xph,>1

L= 2ozg§+51ghpbp +10Ig R, {f, }+101g K +127
r

where K — number of belts.

(13)

(14)

The obtained dependences allow by calculation to determine the sound pressure levels of the belt transmission taking

into account the geometrical loaded parameters, and, most significantly, the loss factors of the oscillatory energy.

The acoustic system of the belt drives represents a set of three sources - two pulleys and directly flexible coupling, i.e.
the belt branches themselves. These subsystems have different inflexibility and, consequently, vary in the frequency behavior.
Therefore, for the identification of the sources and verification of the radiator model, the natural oscillation frequencies should

be determined according to the design model (fig. 2).

gof

Fig. 2. Design model of belt drive

At oscillation of pulleys, the upper and lower transmission branches elongate.

By designating Al; and Al, we receive complementary elongation of the upper and lower branches

AL =R, — Ry, = a)Ac

Al ==R@, + Ry, = a,Ac,

(15)

In case of oscillations, both the inertia moment and the tension moment in the belt drive branches affect each of the pulleys.

Then, the differential equations of the natural oscillations of pulleys look like:

:[; . R}Fa, o RR,Fa,

=0
1 7, 1 J, P2
* RRFa;  R5Fa,
+ - =0
P2 7, @ 7, ()
+
where a; = 4“5 .

a\dy

From the system of the equations (16), the natural oscillation frequencies are defined:

1 R R
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(16)

(17)
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Conclusions:

The research results have shown that the sound radiation of the pulleys has a narrow-band spectrum, and natural
frequencies lie in a low-frequency range. The belt drive as a system with the distributed mass has a broadband spectrum of
natural oscillation frequencies.

According to the obtained dependences, the growth of the factors of the oscillatory energy loss results in a significant

reduction in the vibroacoustic characteristics of both the belt transmissions and the whole spindle unit.
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