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Summary. The scheme of vibration-centrifugal installation, providing the increase of productivity and
efficiency of machine parts vibration treatment is presented in this paper. The influence of the treated environment
on the technological vibration treatment process and determination of its optimal parameters is investigated on
the basis of mathematical modeling. Graphical dependences of specific kinetic energy on the crank rotational
velocity at different values of the fork rotational velocity are presented. Effective ways of technological process
parameters optimization and new ways of its development are identified.
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Statement of the problem. High-performance methods of machine parts cleaning,
grinding and hardening are of great importance for ensuring the quality of mechanical
engineering products. Their application engages the intensification of various finishing
methods, which with a sharp increase in the volume of cleaning, grinding, polishing and
hardening operations account for 10...20% of the total labor intensity of machine parts
manufacturing.

While developing and implementing a new high-performance finishing, the vibration
treatment method for machine parts with complex shape in loose abrasive medium is used.
Numerous varieties of this method require intensive study and investigation.

Analysis of available investigations and publications. Improvement of the
productivity and efficiency of machine parts vibration treatment in loose abrasive medium
creates the preconditions for the new ways of its development [1-2, 4]. One of the most
intensive methods of this technological process is vibration-centrifugal treatment of machine
parts in the installations with the rigid kinematic scheme which create compound motion of the
working environment within the chamber. Vibration-centrifugal treatment can be carried out
not only in the installations with spatial or planetary motion of the working chamber, but also
in the installations with working chamber movement along the complex spatial curve. The
vibration-centrifugal unit, the working chamber of which is located in the middle of cardan
suspension and performs complex angular oscillations deserves consideration. This
technological process of machine parts vibration treatment in loose abrasive medium increases
its intensity by 2... 2.5 times [6-9]. In such a case, the problem of technological process
improvement requires further investigations and testing.
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Investigation of the operation of vibration-centrrifugal installation for automobile parts machining

The objective of the paper is to investigate the vibration-centrifugal treatment of
machine parts in loose abrasive medium using mathematical modeling of the technological
process and to determine its optimal parameters.

Implementation of work. The scheme of vibration-centrifugal installation, the working
chamber of which performs complex angular oscillations and rotations around the inclined axis
Is shown in Fig.1 [3].

The working chamber 1 is hinged in the ring 2, which is fastened by bearings to the
drive fork 3. The fork 3 is rigidly connected to the hollow shaft 4, which moves from the motor
by the belt drive. Inside the hollow shaft 4 there is the shaft 5 of the crank mechanism 6, which
performs angular oscillations of the working chamber 1.

Figure 1. Scheme of vibration-centrifugal installation

Let us choose the fixed coordinate system Oxyz (Fig. 2), which is connected to the case
of the vibration-centrifugal installation (VVCI). The fork 1 rotates around the axis Oy at angle a,
the frame 2 around the axis Oz at angle , and the chamber 3 around the axis Ox at angle y.

Figure 2. Kinematic scheme of vibration-centrifugal installation
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Let us connect the coordinate system Oxiy1z: with the fork 1 with the frame 2 Oxzy2z>,
with the camera 3 Oxsyszs. Since the fork 1 rotates around the axis Oy with constant angular

velocity w1, then o = @, -t. The crank O1A rotates around the axis Oy with constant angular
velocity o, therefore ¢ = @, - t, then the angles B and y are equal to: [2]

r-sin @
= arcr ;
B 99—

r-Ccos @ )

JHZ+rsin?p

y = —arcrg

where r is the crank radius, H = O,0 is the distance between the origin of coordinates Oxyz
and the plane of the crank rotation O1A.

r
Let us accept the ration of design parameters A = F According to the investigation

[2], the value A <0.25 ensuring stable VCI operation with the amplitude of angular
oscillations B and y is not more than 15°.

The relative position of the bodies and the corresponding coordinate systems is shown
in Fig. 3.

Figure 3. Diagram of chamber motion

The cardan suspension simulates Euler-Krylov angles. Let us calculate the table of guide
cosines of the body by matrix method [4-5].

[x.v.z] =B/[x,v,.2],

[Xl’ Yir Zl]T = §2[X2, Y, Zz]Tv
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[XZ’yZ’ZZ]T = §3[X3’y3,23]T,

[X’ Y, Z]T = §[Xs' Ya 23]T

Here
cosa 0 sina
B=( 0 1 0 |,
—-sina 0 cosa
cos f —sin g 0
B,=[sinp cosp 0|
0 0 1
1 1 0
B,=|0 cosy —sin y
0 siny cosy
The resulting rotation matrix B is found as the product
B-85,3,-
cosq cos sinasin y —cosa cos ysin Sin @ CoS ¥ +C0S aSin y
sing cos fcosy -cos fisiny
-sin fcos f - cosasiny+sinacosysin C0S  C0S y— sinasin ysin g

Therefore, the parametric equations of points of the inner chamber surface at any
moment depending on the angles «, B i y are as follows:

X = X, COS & COS 3 + Y, Sin f—z,Sin a COS f3; o
)

y = X, (sinasin y —cos a cos ysin )+ y, €os BC0S y + Z, (Cos asin y +sin acos ysin B);

z=X;(sinacosy +cosasinysin f)—y,cos Bsin y + z,(cos a cos y —sin asin ysin ).

Since B, =¥ =15°, cos15° =0,966, then with an error not exceeding 3,3% we can

assume that cos =1, cosy ~1.
Then equations (2) are as follows:

X =X, COSax + Y, Sin f—1z,Sina;
y = X;(sinasiny —cosasin )+ y, +z,(cosasin y +sinasin B); (3)

Z=X,(sina +cosasinysin f)—y,siny +z,(cosa —sin asin ysin ).
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Let us consider the case when the amplitudes of oscillations of the frame and the
working chamber are within the range 3°...6°, then we can assume that:

=—AcCOSw.t;
{7 ) "

L =Asin ot
By differentiating the left and right parts of the equations system (3) over time,
we obtain the dependences of the velocity at any point M with coordinates (xs;ys;z3) on
time.
X=-Xsina-a+Y,-f-1,c080-0;
y = xa(coswsin y-a+sina-y—asin a-sin ﬂ+ﬂ-003a)+ z,(-asina-sin y+ycosa) (5

2= xs(coswo‘c—sin a-a-sin f-sin y+005a(,8~sin y+7-8in ,B))— Y, 7+ )

23(—sin a-a—CoSa-c-Sin f-sin ¥ +sin a(ﬁ-sin y+y-sin ﬂ))

B=1-0,-c08¢,7=A o, sng.

Let us consider the conditional equilibrium of the abrasive particle, which is located on
the inner surface of the chamber. According to D’ Alembert principle [5] we get:

where

5+N+IET+¢;:O, (6)

—

where P is the gravity force, N is normal reaction of chamber surface, F, is friction force,

—

¢ isinertial force, 413:—m§.
Let us draw through each point M. with coordinates (X,, Y., z ), the normal
(1 =1...12)which vector has the following coordinates:

X ==X;Y =

-V Zi =-1Z;. (7)
Projecting equation (7) to the normal we obtain:

—

_ . N
N=P +¢  ,where P=mg, N =—=g +a,. (8)
m

The coordinates of gravitational acceleration vector are as follows:
g, =-gcosy; g, =gsiny, g, =0. 9)

where y is the inclination angle of axis Oy to the horizon.

Knowing the projections of acceleration point M on the coordinate axes a,;, @, a,,
we can determine the value N .
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N'_(gx+axi)xi+(gy+ayi i+(gz+azi)zi
- 2 2 2 ' (10)
JXZ+Y2+2Z,

Let us determine the Kinetic energy of the abrasive particle, which is at point
M. at the moments when the separation of abrasive particle from the chamber

occurs N > 0.

mv? m(V? +V2+V7)
o2 2

E : (11)

where V.., V., V. are projections of the velocity of point M, on the coordinate axis at time
moment t, .
Then the kinetic energy given by the camera to the abrasive particles at the point M,

over time t, is equal to:

T=>E,. (12)

T = ZTi . (13)

The value t, is determined from the condition that during this time the working chamber
makes the complete number of revolutions around the axis Oy.

_ 60

t=—om!,
A (14)

1

where An, is the step of changing the speed of camera rotation around the axis Oy.

Then we determine the kinetic energy given by the camera to abrasive particles of the
unit mass over time t,.

T
T =—0-o, (15)
m-t,

The response surface of the specific kinetic energy dependence T on the rotation
velocity of the fork n, and the crank n, is shown in Fig. 4.
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Figure 4. The response surface of the specific kinetic energy dependence T on
the rotation velocity of the fork n, and the crank n,

The dependences of specific kinetic energy T on the crank rotation velocity at different
values of the fork rotation velocity are presented in Fig. 5-7.
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Figure 5. Dependences of specific kinetic energy T on the crank rotation velocity (n, = —30 rev/m)
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Figure 6. Dependences of specific kinetic energy T on the crank rotation velocity (n, = 0 rev/m)
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Figure 7. Dependences of specific kinetic energy T  on the crank rotation velocity (n, = 30 rev/m)

The dependences of specific kinetic energy on the fork rotation speed at different values
of the crank rotation velocity are presented in Fig. 8-10.
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Figure 8. Dependences of specific kinetic energy T  on the fork rotation velocity (n, =1200 rev/m)
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Figure 9. Dependences of specific kinetic energy T  on the fork rotation velocity (n, =1800 rev/m)
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Figure 10. Dependences of specific kinetic energy on the fork rotation velocity (n, = 2400 rev/m)

Conclusion. The carried out analysis makes it possible to expand the opportunities and

to optimize parameters of machine parts vibration-centrifugal treatment in loose abrasive
environment. It is determined that the greater is the kinetic energy provided by the chamber to
the abrasive particles, the greater is the work spent on the parts finishing. Therefore, knowing
the parameters of vibration-centrifugal installation, we can choose rational values of angular
velocities for the fork and the crank, providing necessary machine parts finish.
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JOCILKEHHS POBOTHU BIBPALIHO-BIALIEHTPOBOT
YCTAHOBKHM JJ151 OGPOBKH JETAJE ABTOMOBLIIB

Outer JIamyxk'; Jleonin Cepiaxo?; Isan Ieko'; Onexcanap Konapariok?;
Ouer Lponn!; ¥Opiii Tanan?

Tepnoninvcokuii nayionanvnuii mexuiunuii ynieepcumem imeni leana ITynios,
Tepnonins, Ykpaina
’Hayionanbruil ynieepcumem 600H020 20CN00apCmea ma
npupoooxkopucmyseanus, Piene, Ykpaina

Pe3tome. Haseoeno cxemy 6ibpayitino-6ioyenmpogoi yCmanosKu, sKka 3abe3neyyec nioGUeHHs
npoOyKmueHocmi i eghekmusrocmi 6ibpayitinoi 06pooxu demanei. Biopayitino-eioyenmpoga ycmanoeka 30iticHioe
06poOKY 3 NPOCMOPOBUM YU NIAHEMAPHUM PYXOM POOOHOI Kamepu, ane i  yCmaHno8Kax 3 pyxom pobouoi kamepu no
CKIAOHI npocmopositi Kpugitl. Jlana 6iopayitino-eioyenmposa ycmanoska, poboya kamepa AKoi posmiujeHa 6
cepeouni KapOanHo2o niogicy, U 30IUCHIOE CKAAOHI KYMO6I KOMUBanHs. /lanuti mexnono2iynuil npoyec 6iopayitiHol
006pobKU Oemanell 8 CURYYOMY AOPa3UBHOMY cepedoguwyi niosuuye it inmencuguicms 6 2...2,5 pasa. Ha ocrogi
MAMEMAMUYHO20 MOOENIO8AHHS O0CTIONCEHHIO NUMAHHS BNIUBY 0OPODNIIBAHO2O CepPedosUd HA MEXHOIOIYHUL
npoyec Gibpayilinozo 0OpobieHHs ma BUSHAYEHHS 1020 ONMUMATLHUX napamempie. Ompumano napamempuuni
DIGHAHMA BHYMPIWHBLOL NOGEPXHI KaMepu 6 OyO0b-KUll MOMEHM Hdcy 3anedcHO 6i0 Kymie «, [ i ¥y

06pobII0BATLHOZ0  cepedosuya — 6aA306uUX nAPaAmMempis, SKI Xapakmepuzylomv IHMEHCUSHICIb Npoyecy
8i6poo6pobaenns. Tlpedcmagneno 3anedcHicme KinemuyHoi enepeii, wjo OmpumyIoms 4YacmuHKu abpasugy 6io 6ciei
kamepu 3a uac t,. Ilobyooeana na ocnosi npunyuny [{’Anambepa mooens pyxy cunkozo cepedosuwa iopayiino-

8I0YEHMPOBOI YCMAHOBKY, 6 SKIU NPeOCmAGIeHO K CYYilbHe mMa OOHOPIOHe y 6uensiol HAuAPY8aHHS NIAOCKUX
NPYIHCHO-NIACMUYHUX OAIOK, MOGWUHA SIKUX 3HAYHO MeHwla ix wiupunu. Bzaemoois cepedosuwa i3 eibpayiiino-
BIOYEHMPOBOL YCMAHOBKU ONUCYEMBCS JHCOPCIMKOK MA NPYAHCHOIO MoOdensimu Kowmaxkmy. Ha ocnogi pesynomamie
00CiOJCeHb BUBHAYEHO, W0 BEIUYUHA CMAYIOHAPHO20 3HAYEHHS AMNIIMyOu KOIUBAHb WApy cepedosuiyd He
3anexcumy 8i0 NOYAMKOBUX YMO8 i ) KOHCHOMY 8UNAOKY NPAMYE 00 C8020 NEBHO20 3HAYEHHS, Ke BUIHAUAEMbCA
napamempamu cepedoguwya. Ilpedocmaesneno epagiuni 3anexcnocmi numomoi KinemuyHoi enepeii 6i0 yacmomu
00epmaHHs Kpueowuna npu pisHUX 3HAYEHHAX uYacmomu obepmauHsa eunku. Busmnaueno egexmusHi wiiaxu
onmumizayii napamempis mexHoL02iUHO20 NPOYeCy ma HOBUX ULTSXIG 1020 PO3GUMIK) .

Knwuosi cnosa: sibpayitina oo6pooxa, mexHonrociynuii npoyec, adpasusHa epanyia, WeUoKicms epanyiu,
KiHemu4Ha eHepeisl.
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