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CALCULATION OSCILLATIONS OF VARIOUS ELEMENTS OF THE ELASTIC SYSTEM
OF THE CENTER-FREE GRINDING MACHINE SASL 5AD

During the design of operations of centerless intermittent grinding of surfaces there is a need
to identify the natural frequencies of oscillations of the elements of the technological system of
grinding. The method of calculation of rigidity, vibration resistance and forced oscillations of the
elements of the circular grinding machine is offered in the article. Carrying out of experimental
researches of rigidity of elastic system of the SASL 5AD grinding machine. We conducted preliminary
experimental studies to measure the oscillations of various elements of the elastic system of the SASL
5AD grinding machine in the horizontal plane by piezoelectric sensors during grinding with
continuous and discontinuous circles with different geometric parameters.
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Introduction. Calculation of natural frequencies of oscillations is one of the tasks of dynamics
of mechanical systems connected with definition of resonant modes of their work. A method for
calculating the stiffness, vibration resistance and forced oscillations of grinding machines with a
horizontal spindle is proposed. The elastic system of the machine was approximated by a mechanical
model with 2 degrees of freedom. This technique allowed to make design changes at the design stage,
which increased the rigidity of the machines by 70-90%, and also allows to predict changes in the
design parameters of the elastic system of the machine in order to obtain regulated dynamic properties
[1-5,7.8].

However, in the conditions of actual operation of the grinding machine, the change of dynamic
characteristics is due to the change of the initial connection between the elements of the elastic system.
Therefore, there is a need to determine the dynamic characteristics of elastic systems of different types
of equipment, which provides for the introduction into the technological process of editing and
balancing operations.

Material and results of the study. Experimental studies of the stiffness of the elastic system
of the SASL 5AD grinder (the general view of which is shown in Fig. 1) in the horizontal plane by
piezo acceleration sensors during grinding with continuous and discontinuous circles with different
geometric parameters. The scheme of grinding of rings by an intermittent grinding wheel with the
screw grooves inclined at an angle o to an axis is shown in fig.
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Fig.1. Centerless grinding machine SASL5AD (general view)
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Fig.2. Working area of the SASL5AD centerless grinding machine
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Fig. 3. Scheme of treatment of the base surface with an intermittent circle
1-grinding wheel with inclined grooves; 2- leading circle; 3 - processed rings; 4,5,6- elements of the
machine spindle; Sk - supply; DK is the outer diameter of the ring; Dr is the diameter of the grinding
wheel, Dw is the diameter of the drive wheel

At the first stage of research, the calculated values of the natural frequencies of bending and
torsional oscillations of the spindle of the machine SASL 5AD were obtained. The values of natural
frequencies were determined using classical methods of oscillation theory [1, 2-7]. The spindle of the
grinding wheel was replaced by a design scheme - a two-support cantilever beam with distributed
mass (see Fig. 4), which consists of a single beam, because the spindle of the machine SASL 5AD has
no pronounced diameter differences. At the ends of the beam were placed the concentrated masses of
the grinding wheel and the drive pulley, which have the inertia of rotation. Hinged supports were
placed in appropriate places. For the given calculation scheme, the differential equation of free
bending oscillations has the form:

EIYY +m,y=0 (1)

where E - modulus of elasticity;

| - equatorial moment of inertia of the spindle cross section;
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Mo _ mass per unit length of the beam;

y(x,t) - vertical movement.

The solution of equation (1) is written in the form:

y(x,t) =U (x)sin(at + ¢') . )
Substituting (2) in (1) we obtain the equation of forms of oscillations of the beam:
U -a'U=0, 3)
w’m,
where, = El
The solution of equation (3) is written in Krylov functions [4]:
U(X) = CK (ax) + C,K, (ax) + C;K;(ex) + C, K, (), 4

where C1-C4 - steel.

In fig. In Fig. 5 shows a diagram of the spindle assembly of the centerless grinding machine.
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Fig. 4. The calculated scheme of the spindle assembly: X1 =0,109m; X2 = 0.355m; L = 0.433m; El =
6140kg - m2; m1 = 0.358 kg - sec2 / m; m2 = 0.08 kg - sec2 / m; Ipl =0.0018kg - m - sec2; [p2 =
0.00012kg - m - sec2; I1 =0.0009kg - m - sec2; 12 = 0.000077kg - m - sec2.

Substituting the obtained solutions to the boundary conditions at the ends of the beam:
m,»?U, (0) - EIU.(0) =0 }
EIU/(0) +o° (Ip, —1,)U,/(0) =0
EIUZ(L)—m,w?U, (L) =0 }X_ ] ®)
EIU(L)+w*(lp, —1,)U (L) =0 ’

where, Il, |2 - equatorial moments of inertia of the grinding wheel and drive pulley;

Ipl, Ip2 - polar moments of inertia of the grinding wheel and drive pulley;

m; - weight of the grinding wheel;
m, - weight of the drive pulley,
and adding the conditions of zero deflection on the supports:

U, (%) =0;U,(x,) =0, (6)

we obtain a homogeneous system of six equations with six unknowns: C1, C2, C3, C4, R1, R2, where
R1, R2 are the amplitude values of the reaction on the 1st and 2nd supports, respectively.
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For a non-trivial solution of this system, it is necessary that the determinant be equal to zero.
From this condition, the method of selection of acceptable geometric and mass parameters of the
spindle, the pulley circle (Fig. 4.), are the values of natural frequencies. The first two values

are: @, =35801/sec, @, =9270 1/ sec.

The calculation of two low natural frequencies of torsional oscillations is performed by a
similar method. The calculation scheme does not change, but only its torsional and mass
characteristics are taken into account, respectively. [2, 3, 4, 5, 7].

The differential equation of free torsional oscillations has the form:

0%0 .
Glp—ax2 -6,0=0, )

where Ip - polar moment of inertia of the spindle cross section;
G - shear module;

6, - moment of inertia of the mass per unit length of the rod,;

6 - twisting angle.

The solution of equation (7) will take the form:

O(x,t) = p(x)sin(o t+@"). (8)
Substituting (8) into (7), we obtain the equation of the form of torsional oscillations:
0" +°p(x) =0, (©)
, 6,
where B° = GL(—IF;) .
The solution of equation (9) will take the form:
@(X) = Asin fx+ Bcos fX, (10)

where AND and B are constants.
Subjecting the obtained equation to the boundary conditions at the ends of the beam:

Glpg'(0) + Ip,¢(0) =0,x =0
Glpg'(L) - Ip,axp(L) =0,x =L’

we obtain a system of two equations with two unknowns A and B. Equating the determinant of the
system to zero, the selection method finds the values of the natural frequencies of free spindle

oscillations: @y, = 8240 and Wy, = 27400 rad / sec.

The value of the first natural frequency of the spindle bending oscillations mounted on rigid

(11)

supports was determined using an experimental setup and was @5 = 77701 /sec

The relative error of theoretical calculation and experimental determination of natural
frequencies for bending oscillations is equal to:
w, — ,
Ay, =——2.100% = 6,04% |
2%

The theoretically calculated value of natural frequencies corresponds to the results of
experiments. The values of the first two natural frequencies of bending and torsional oscillations are
obtained as a result of solving the system of differential equations.

In order to simplify the solution of the problem and estimate the degree of discrepancy of the
obtained frequencies with the exact solution, consider the beam (spindle) as a three-mass system and
solve for it the problem of finding the natural frequencies of bending oscillations.

The frequency equation for a three-mass system has the form:
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3 2
p” —(Myay; + My, +Myargs)p° + 12)
+(mm, f, +mm;f,+mm,f )p-mm,m;f,, =0

1

where P=—3.
a) ’

o™ - natural frequency;
a;j - coefficient of force on bending.

fiy = fyaa + fuay + fuoq + 2004 — o0 ).

From equation (12) we can obtain the first underestimated value of the natural frequency
according to the Dunkerley formula:

1
12
@0 =5, (13)
Zmiaii
i=1
where n - number of masses;
¢ - find the following formulas:
XZX (L—x,)? (X, — %)% (X, — X,)?
o ==t 0y, = = (L—X); 03 = 2w % = :
3El 3EI 3EI (X, —X,)
(14)

After substitution we get:
oy, = 2,27-107"m/kr; at,, =1,07 -107" W/kr; 0ty = 0,485-10"" m/kr

Substituting the values of mi and ay; to formula (13) we obtain the value of the first natural

frequency @, = 3080l/c. The value of the natural frequency is found by formula (13), when

replacing the spindle as a beam with a distributed mass on a beam with three concentrated masses
greatly simplifies the calculations. The relative error of calculation when found an underestimated
value of the frequency according to the Dunkerley formula, in comparison with the exact solution, is:

A= 35803080 465005 149
3580 :

Conclusions. The described method of determining the natural frequency of the spindle of the
centerless grinding machine is used to predict the parameters of the microrelief of the ground surfaces
of rotation at the stage of technological design.
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1]_ueHiHCbKa Mopcrka akagemis, [Tosbina
2JTynpKuii HALIOHATBHI TEXHIYHUH YHIBEPCHTET
PO3PAXYHOK KOJIMBAHb PI3HUX EJIEMEHTIB IIPYKHOI CHCTEMHA
BE3HEHTPOBO- LIVII®YBAJIBHOI'O ABTOMATA SASL 5AD

I1io uac npoexmyeanns onepayiii 6e3yeHmMpoB8o2O NepPepusuaACmo20 WNiQy8anHs NOGePXOHb
BUHUKAE HEOOXIOHICMb GUABNIEHHA GIACHUX YACOM KONUBAHHS el1eMEeHmi8 MexXHONO02IUHOI cucmemu
winighysanna. B cmammi 3anponoHo8ano memoouxy pO3paxyHK)y JHCOpCmMKOCHi, 6ibpocmiukocmi ma
BUMYUWIEHUX KONUBAHb elleMeHmi8 Kpyeno-uinigyyeanvrnozo eepcmama. llposedenni excepemenmanvhi
O00CHIOINHCEHHS  HCOPCMKOCMI  NpYoHcHOI cucmemu  wigpysanvrnozo eepcmama SASL S5AD. Hamu
NPOBEOCHO NONEPeOHbO eKCNEPUMEHMANbHI  OOCTIONCEHHA N0 GUMIPIOGAHHIO KOAUBAHbL PISHUX
eneMenmie npyicHoi cucmemu wiaigpysaivrozo sepcmamy SASL 5AD y copuzonmanvhuin niowumi
oasavamu n’€30npucKopenb nio 4ac wiai)y8anHa CyyilbHumM ma nepepusyamum Kpyeamu 3 pisHumu
2e0OMEeMPUUHUMU NAPAMEMPAMU.

Kniouogi cnosa: éepcmam, cucmema, KoaugaHHs, WNUHOENb, WihO8AHA NOBEPXHSL

Moxyrypsin T.I.,
’Mapuyk B.H., Mapuyk W.B.
1I[IeuHHcm<a Mopckas akanemusi, [Tonbina
2JTynpKuii HALHOHATIBHBINA TEXHHUECKUIT YHHBEPCHTET

PACYET KOJIEBAHUI PA3JIMYHBIX 2JIEMEHTOB YIIPYT'OM CUCTEMBI

BECOHEHTPOBOI'O LIVIN®OBAJIBHOI'O CTAHKA SASL 5AD

Ilpu npoexmuposanuu onepayuii 6ecyeHmpo8o20 npepbisUCHO0 WAUGOBAHUL NOBEPXHOCMEl
B03HUKAETN — HEOOXOOUMOCb  BbIAGNCHUS  COOCMGEHHbIX — 4ACMOm  KOAeOauus  91eMeHmos
MexXHON02U4ecKoll cucmemul wiaugosanus. B cmamve npednodicena memoouka paciema sH#ecmrKocmu,
BUOPOYCMOTMUBOCTNU U BLIHYHCOCHHBIX KONCOAHUU IIeMEeHmO8 Kpyelo-uau@o8anbHO20 CMAHKA.
IIposedenuu excepemMeHmanvHy UCCIe008ANUS  HCECMKOCIMU YIPY2OU CUCTNeMbl WAUDO8ATLHO20
cmanka SASL 5AD. Hamu nposedeno npedsapumenvHO 3KCHEPUMEHMANbHbIE UCCLE008AHUS NO
UBMEPEHUIO KOeOAHUTL PA3TUYHBIX dNEMEHMO8 YAPY20U cucmembl waugposanviozo cmanka SASL SAD
8 20pU3OHMANLHOU NAOCKOCHU OAMYUKAMU Nbe30YCKOPEeHUll 80 8peMs WAUGOSKU CHIOWHBLIM U
npepulgUCOl Kpy2amu ¢ pasiuiHbIMU 2eOMEMPULecKUMY Napamempami.

Knioueswie cnosa: cmanox, cucmema, konebanus, WnuHOe b, WAUGOBAHHAS NOGEPXHOCTb
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