ISSN 2305-9001. BicHuk HTYY «KMl». Cepia mawmnHobyaysanHa Ne3 (72). 2014

YJK 531.39

Strackeljan J.', Babenko A.%, Lavrenko Ia.?

1 - Otto-von-Guericke University Magdeburg, Germany, (jens.strackelian@ovgu.de) ;

2 - The National Technical University of Ukraine «Kyiv Polytechnic Institute», Kyiv, Ukraine
(babenko.ae@gmail.com, lavrenko.iaroslav@gmail.com)

NECESSARY CONDITIONS OF STABILITY MOVING
PARTS OF ROTOR CENTRIFUGE

IITpakenssn’ M., 1.1.1., npod., Babenko A.€.% 1.1.1., npod., JaBpenko 5.1.2
1 - Orro-¢on-I'epuxe YHiBepcurer Maraedypra, Hiveuuuna ;
2 - HTYY Ykpainn «KuiBcbkuii nositexHiunmii incrutym», M. Kuis, Ykpaina

HEOBXIJTHI YMOBH CTIMKOCTI PYXOMMX EJIEMEHTIB POTOPA IIEHTPU®YTH

Design features of modern centrifuges studied. Revealed that their rotors are movable elements that revolve around horizontal axes.
The dynamics of these moving parts of laboratory centrifuge considered. Using the Lagrange equation of the second kind the
resulting differential equations of their motion considered. The modeling visualization of motion using the software package
RecurDyn was made. The results that obtained by the research package RecurDyn and analytically showed that their motion can be
unstable in the positions that are optimal in terms of the technological process. The differential equation can be not integrated in
elementary functions, so direct analysis of movement is difficult. As a result of this stability conditions for motion with linear
approximation investigated. Necessary conditions for stability of motion required of the design obtained.

Keywords: Motion, stability, rotation, speed, vibration.

Introduction. Centrifuges are used in different industries, medical laboratories, agriculture, to separate mixtures
into fractions consisting of substances of different densities. The main objectives of the design are the quality of
fractions and reliability.

High precision centrifuge (Fig.1) must provide a

high degree of separation of the mixture. To ensure a high
degree of separation require high centrifugal force and
motion stability. These requirements can be provided only
in terms of the dynamic characteristics, knowledge of
which makes it possible to determination of stable and
] ] unstable conditions of motion centrifuge.
[ & Actuality. From the parameters of centrifuge
| | depends quality of required work [1, 2, 3]. Transient
N processes and vibration can impair the original products.
Based on this study mechanical characteristics of
centrifuges and influence on them using structural factors
are the actual problems in the design.

Consider the different operating conditions, industry
supports a wide range of laboratory centrifuge rotors.
Often modern centrifuges used moving parts that affect the
movement of the centrifuge. These elements are movable
2 £ n rotor cups that attach to the pin (Fig.2).

A cup (II) of rotor (I) with different forms for
containers (III) is fixed on the pin and changes its position
S during acceleration and stop. The rotor (I)was investigated
in the form of crosses with cups in which form we measure
glass with mixtures of substances of different densities.
From parameters of motion centrifuge and pins depends
the quality of required work. Separation is most effective at maximum centrifugal force.

I

Fig. 1. Laboratory centrifuge
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From parameters of motion centrifuge with
elements depends on the quality of necessary
work. Availability of such elements essentially
influences occurrence of transient processes and
vibrations, which affect product quality and
efficiency of the process and cause damage [4, 5].
Therefore, the definition of the necessary
conditions of stability of motion cups are the
actual problems of design.

Using the software package RecurDyn is
conducted the modeling of the dynamic behavior
of the centrifuge. A number of possible positions
of cup depending on the speed of rotation shown
Fig. 2. Rotor and cup of laboratory centrifuges in Fig.3.

Fig. 3. Cups position while moving
a) t=0sec; b) t=10,215 sec; ¢) t = 0,3 sec; d) t = 0,765 sec;

The results show that the movement of cups can be unstable. To determine the parameters which necessary
conditions of movement and stable motion centrifuge created the design model, shown in Fig.4.
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Fig. 4. Schematic representation the cups of the centrifuge rotor
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Figure (Figure 4) shows v — circular speed, P — centrifugal force, N —axial force of shaft. It is believed that the
angle o corresponds to stable regime and angular speed of revolution the centrifuge in the steady state is .
The condition of balance by D'Alembert principle, we obtain
N+P+mg=0,
Ncosa=mg, Nsina=P.
Separation is most effective at maximum centrifugal force
2
P= mv—,
r

taking into account v=0-r, r=(R+Isina), obtain

2 2
P=m :m(ozr:mcoz(R+lsina),
r
mg . .
g smoc:mo)Z(R+lsmoc),
cosa
' g sina
=,
(R+Isina)cosa

Then centrifugal force

P= m(R+lsinoc)g—.sinoc,
coso(R+/sina)
sina,
P=mg =mg-1ga.
cosa,

sin o
2o BSO® Cand

Determine the necessary rotation speed to o — n/2, for this we use the ratio ® - ,
(R+Isino)cosa

construct a graph of this relationship (Fig.5).
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Fig. 5. Graphic representation of the solution

This graph shows that when o = /2 maximum speed, but there is a break, which demonstrates the instability of

cups rotation about an axis of rotation relative to the pins.
g4

\/(I—Az)(R+I~A)

operating characteristics centrifuge R=115 cm, [=2,07 ecm, © =470 sec”! obtain sino = 0,9999999466 , and the
difference of angle o from m/2 there is only in the 5 mark. Therefore the working speed of rotation necessary to

—®” =0, where the replacement to simplify is used sino = A. Then the

If we use the ratio
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ensure the position of cups in terms of maximum centrifugal force. It remains to determine the necessary conditions for
stability of rotation and centrifuge of cups rotation.
Lagrange equation of the second kind is used

d oL oL
e
dt 0p Op

d oL oL
2=_Z-0,
dt oy oy

where O, O, — generalized forces, L =T —II - Lagrange function, T — kinetic energy, /7 — potential energy.
The potential energy of the system is determined by the potential energy cups. As the two of them
1T =2mgl(l-cosa) ,
where m— weight glass, /— distance from the axis of rotation (axis pins) to the center of gravity, a— angle of
the glass axis from the vertical axis. When you change the cup position the angle a changes by €, which is variable. In
unstable motion ¢ = o+ ¢, angular speed of rotation around the axis of the centrifuge cup during a stable regime ©,

and with unstable y =o+7y.
The kinetic energy consists of kinetic energy of rotation of the plane cups for fixing to the motor shaft
T, = 1, 2
k=5

and the kinetic energy of cup, which in turn consists of a power rotational motion about the axis fixing two cups
x (pin axis) with angular speed ¢

L=J9",
where J_ moment of inertia about the axis pin of cups and energy of motion due to rotation about the axis of the
centrifuge
T, = m(}i’+lsin(p)2 W2
Therefore

L N2 1. .
T=Ti+5+T, = m(R+lsm(p) \V2 +5JZ\V2 +chp2.

Consider that generalized force of braking the rotation around the axis fixing cup (moment) Q) =-x¢,
generalized force of braking the rotation around the axis of the centrifuge (moment) is of the moving moment M,
consider that constant and braking moment proportional to the rotational speed —v\, O, = M, —v.

Lagrange functionis [, =7 —TI

. o1 .
L= m(R+ls1nq>)2 V2 +5JZ\|12 +J 9 —2mgl (1-cos ).

At stable regime of motion y =w, ¢=0a, O, =M, -vo=0, O, =0, then of Lagrange equations of the second
kind obtain

%[2m(R+lsin(p)2 V0 | = (M, =),

2J, 0~ 2m\]12 (R +1/sin (p)lcos ¢+ 2mglsin@ =-2yp.
—2mw’ (R +1/sin (p)lcos ¢+2mglsingp =0,

2 g sina

(R+lsinoc)cosoc'

Stability is determined from the linear approximation. Obtain the differential equation of motion

%[2m(R+lsin(p)2 VT | = (M, =),
2J,—2m\s* (R +1sin @)l cos ¢+ 2mgl sin @ = —2y¢.
[2m(R+lsin(p)2 i+ 4ml (R +1sin ) ¢c0s<p+Jzk\'|'!} = M, — kv,
Jp—my” (R +1sin @)l cos ¢ +mglsin = —x.
o=(a+g), y=(0+y),
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|:2m(R+lsin(p)2\'[1+4ml(R+lsin(p) \Vj ('pcoscp+J2k\'|'1J =M, -kvy,
J—miy® (R +Ising)lcos @+ mglsing = —xo.
Jx(d+é)—ml(R+lsin(a+8))((o+y)2 cos(a+g)+mglsin(a+e)=—y(a+¢),

2m(R+lsin(oc+s))2 (@+7)+4ml(R+Isin(o+e))(o+7y)x

X 1

(6+&)cos(a+e)++y (@+7)] =M, ~k(o+y),
4m(R+1sina)lcosa- @i +vy+(2(R +Isina)’ +J,)7 =0.
The equations decompose in Taylor series and hold the linear terms. Obtain
JX;'~5+(m(R+lsinoc)2 sino-@® —ml cos? - ©° +mgl cos o) —
—2m(R +Isina)wycoso +yé = 0.

Search a solution in the form & = Ae™, Y= BAEM , after simplification obtain the characteristic equation

(~J;Jy —2R*J y —21*J y sin> . —4RLJ  sin )L’ +

+(—4RIlysino — 2[2)( sin? o =-J —2R2X -vJy )kz +

+H(=2R*mw? sino.— 6R*mlw* sin® o+ 2R*mlw* cos” o — 4Rzlmg cosasina —

2 2 in2

sin® o+ 2P mo o cos? 0L—2[3mgsin2 oCcos oL —

2P w? cos® asin® o —

—szo)zR sin o, — 2 mo
—2R*mgl cosa. —szl(x)2 sin? oL+ szlo)2 cos’ a —J,mlgcoso —8m
—8R*Im*®* cos® o.— 6RI*mw” sin® o+ 4RI*me* sin o cos® o — vy —16m*I* Rw? cos? asin o)A —
—vml®® sin® o+ vmlw® cos? o —vmgl coso.— vmo*Rsino = 0.
Characteristic equation in oo =7/2
(I, y —2R*J y —21*J  —4RLJ )N + (—4RIy — 217 — J = 2R*y —vJ  )A* +
H-2R’m®* —6R*mlw’ —J ;me* R — 2P me” — J ;mle” —6RI*me* —vy)A —

—vml®’ —vmo’R=0.

Its roots
A== 2V 2 ’
J; +2R° 421" + 4RI
" o 1x—\/X2—4JXmm2R—4JXmlc02
2 Jy ’
r o 1x+\/x2—4JXmm2R—4JXml(02
) Jy '
Conclusions

Movement will be stable in the case when the real part of the roots obtained is negative. From these results it
follows that this occurs, provided that the value of v and  are nonzero. Otherwise, the first root is zero, and the second
and third are imaginary. The values of v and y characterize generalized forces. From it follows that the motion will be
stable only at presence of the resistance forces.

Determination of the dynamics of centrifuges provided an opportunity to determine the operating conditions
centrifuges. In these zones vibration are practically absent so on the strength and durability of the processes influence
only load endurance at maximum load and unload.

Anomauin. Poszensinymi koncmpykmugni ocobnueocmi cyvacnux yenmpugye. Buseneno, wo ix pomopu marome pyxomi eremenmu,
AKI  06epmaromvcsi HABKOAO 20PU3OHMANbHUX ocell. Po3enaHymo OuHAMIKY 6KA3AHUX pYXOoMux eiemeHmis. Buxopucmosyrouu
pisHanus Jlazpandsica 0py2o2o pody odeposcani ougepenyianvhi pieHanua ix pyxy. I[lpoeedeno modeniosanus sisyanizayii ix pyxy 3a
donomoeoro npoepamunoco naxemy RecurDyn. Pe3ynemamu 00cniodceHb ompumaHi 3a 0onomozow naxemy RecurDyn i
AHATIMUYHUM WASXOM NOKA3AMU, WO IX pyX Moogice Oymu He CMIUKUM, 68 MUX NOJOICEHHSX, AKI € ONMUMATbHUMU 3 TOYKU 30Dy
mexHonociuHo2o npoyecy. Ompumani Ougpepenyianvhi PIGHAHH He MOJCYmb Oymu NpOIHMeZPosani 6 eleMeHmMapHux QYHKYIX,
momy 6e3nocepedniil ananiz pyxy ckiaonull. BHAcIiooKk cKazano2o 00CHiONCEeHO YMOBU CIIUKOCII PYXY 3a JHIUHUM HAOTUNCEHHSIM.
Ooeporcani HeobXIOHI YMOBU CMIUKOCMIE PYXY, AKI BUMA2AIOMBCA 8i0 KOHCMPYKYII.

Kniouosi cnosa: Pyx, cmiiikicmbs, 0bepmants, weuoKicms, KOIUBAHH.
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Aunomayus. Paccmompenvi KoHCmMpyKmueHble 0COOEHHOCMU COBPeMeHHbIX yenmpudye. Buiseneno, umo ux pomoper umerom
N00BUIICHBIE DNIeMEHMbL, KOMOPble GPAWAIOMCs GOKpY2 20pU30HMANbHBIX ocell. Paccmompeno OuHAMUKy yKa3aHHuIX NOOBUIICHBIX
anemenmos. Hcnonwv3sys ypasuenue Jlazpansica 6mopozo pooa nonyuenst ouggepenyuansvisie ypasuenus ux ogudxcenus. IIposedeno
MoOenuposanue GU3VATUZAYUU UX OBUIICEHUS C NOMOWbIO npocpammnozo nakema RecurDyn. Pesynsmambsl uccaedoganuii
noayuenHvie ¢ nomowwvio nakema RecurDyn u ananumuyeckum nymem noKa3aau, Ymo ux 08udiCeHue Modicem Obimb HeyCIOUYUBLIM,
6 mex NONOJNCeHUAX, KOmopble eCmb ONMUMANbHLIMU C WMOYKU 3peHus mexHoaocuueckoeo npoyecca. Ilonyuennvie
oughepenyuanvhvie ypasuenus ne mozym Oblmb NPOUHMESPOBAHLL 6 IIEMEHMAPHBIX PYHKYUAX, NOIMOMY HENnoCpeoCmeeHHbll
ananu3  OBUdCEHUsL CLOMNCHBIL. Bcnedcmeue ckazanmozo UCCIe008aHO  YCA08UA  YCHMOUMUBOCIU  OBUNCEHUS. 30 TUHETIHbIM
npubaudicenuem. Ilonyuenst HeobxoouMbie YCI0GUs YCMOUUUBOCHIU OBUICEHUSA, KOMOPble MPEOYIOMCsL OM KOHCIMPYKYUU.

Kniouesvie cnosa: /[eusicenue, ycmoiivugocms, epawjenue, CKOpocms, KONOAHUSL.
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