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CLARIFICATION OF THE METHODS USED FOR
CALCULATING POWER OF SIEVE SEPARATORS

Abstract

Calculation of sieve separators power is usually done during their development. The goal of such calculations is to deter-
mine the power of driven electric motors.

The imperfection of existing methods for calculating power of some types of sieve separators makes developers to use in-
dicative methods to determine the gear power. For example, it is done using the method of specific energy consumption or the com-
parison method with parameters of similar equipment. These methods provide only indicative results, that is why the power of the
installed electric motors sometimes even exceeds the needed one, so in such way it worsens technical and economic factors of the
equipment.

The methods for calculating power of flat-sieve separators moving progressive and invers or circular progressive have
clearly determined sense and consider all energy consumptions of separators’ engine.

The goal of the calculation of technological equipment and sieve separators in particular is to define the power of the elec-
tric motors.

The imperfection of existing methods for calculating power leads to use in some machines of high power engines which se-
lection is based on indicative calculations, for example, using a method of specific energy consumption or comparing with ana-
logues.
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As the calculating methods depend on the law of working parts movement and their engine each example considered sepa-
rately.

In the calculation of the power of separators with flat sieve which are moving oscillatory the effective power required by
the engine of sieve bodies equal to the sum of the average power required to drive the oscillatory moving mass, the average power
that is needed for product overclocking; the average power required to overcome the friction force of the product in the sieve; the
average power used to deform the suspension; the average power need to overcome the drag of the air environment.

The current value of the power which is need to drive the oscillatory construction elements is determined considering the
total value of oscillatory bodies mass, the weight and the amount of sieve bodies; the product weight on the bodies sieves, the weight
of the oscillator; the frame weight.

During a circular progressive movement of sieve bodies the power which is need to overclock the product mass on the sieve
which are moving reciprocally is almost equal to zero, because the product is moving with stops during the all-time being on the
sieve. This also refers to the movement of the product on the barrel sieves which are rotating, where parts change the direction of
movement while they are slipping down and get accelerated again.

The acceleration power in the separators with circled progressive motion of the sieves is equal to the kinetic energy of its
circle oscillations.

To provide the relative motion of the parts on the horizontal sieve surface which is making a circled progressive motion it
is necessary that the difference between the centred inertial force and friction force to be more than zero.

Key words: power calculations, determination of power to sieve separators’ engine, power for the engine in motion, power
for overclocking of the product, power to overcome gravity; power for deformation of suspension brackets; power to overcome the
resistance of the environment

Generally, the goal of the calculation of techno-
logical equipment and sieve separators in particular is to
define the power of the electric motors.

The imperfection of existing methods for calcu-
lating power leads to use in some machines of high
power engines which selection is based on indicative
calculations, for example, using a method of specific
energy consumption or comparing with analogues.

As the calculating methods depend on the law of
working parts movement and their engine let us consider
each example separately.

Calculation of the power of separators with
flat sieve which are moving oscillatory

The effective power required by the engine of
sieve bodies

N, =N +N,+N;+N,+Ns, (1)

where N, is the average power required to drive
the oscillatory moving mass; N, - the average power that
is needed for product overclocking; N; - the average
power required to overcome the friction force of the
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product in the sieve; N, - the average power used to de-
form the suspension; N; - the average power need to
overcome the drag of the air environment.

The current value of the power N, which is
need to drive the oscillatory construction elements is
determined using the formula

N,=Pv=Mav, )

where M = z,m, + m,, +m,, + m, —1s the
total value of oscillatory bodies mass; m, and z, are the
weight and the amount of sieve bodies; m,,— the product
weight on the bodies sieves; m,, — the weight of the oscil-
lator; m, — the frame weight; v = @wrsin @t —the accel-
eration of oscillators in case of reciprocating movement
of the sieve bodies; the velocity of the oscillation mass
oscillating reciprocally.

After transformation we get

N, =Mr’e’ sinacosa, 3)

where a=wt - is the instantaneous angle of os-
cillator's shaft rotation.
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The average power value is

T

4)

2% 5.
=—|Mr .
N, Mr o’ sina cosada
r
0

After integration we get
2. 3
Mr'w (5)
T

During a circular progressive movement of

sieve bodies, when a=w’ r i v=cwr, the power is
N =M rro’ (6)

The power N, which is need to overclock the
product mass on the sieve which are moving reciprocally
is almost equal to zero, because the product is moving
with stops during the all-time being on the sieve. This
also refers to the movement of the product on the barrel
sieves which are rotating, where parts change the direc-
tion of movement while they are slipping down and get
accelerated again.

The acceleration power in the separators with
circled progressive motion of the sieves is equal to the
kinetic energy of its circle oscillations, i.e.

o'’

= : )
1800

where I7 — is the productivity of the sifter, kg
per hour (kg/h);

r. —is trajectory radius of relative motion of the
parts moving on the sieve. To provide the relative motion
of the parts on the horizontal sieve surface which is mak-
ing a circled progressive motion it is necessary that the
difference  between the centred inertial force
P= mo*r and friction force 7 = mgf. i.e. to be more

N, =

than zero
duy
dt

where L, —is the relative velocity of the part;

®)

m =ma’r —mgf. f 0,

V" — is the radius of the circle oscillation of the
sieve;

- is the oscillation frequency of the sieve;

f - is the coefficient of friction of the product

r

on the sieve.
After transforming the expression (8), we get the
condition for the relevant motion of the parts on the sieve

of o,,
where o, = & Taking into account that
r
dv, . . .
J =@, is the acceleration of the relevant motion of
t
the parts on the sieve we get
wzrk =o'r— i 9
from which it follows that
r.o=r— gfzr . (10)
®

The average power which is need to overcome
the friction force of the parts moving on the sieve is de-
termined using the given formula

N,=Tv,, (11)
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where 7,— is the average friction force of the
part’s layer motion on the surface of the sieve.

v. — is the average velocity of the product mo-
tion on the sieve.

While sifting using the reciprocating motion
the current value of the friction force is

T = f.(m,gsina—m,w’rcos wtsin(a + ), (12)
where m,, — is the weight of product layer on the
sieve, m =Fg p; a and f —are the tilt angles of the
sieves and the axis of oscillation of the sieve body; » and
w — is the amplitude and the circle frequency of the
sieve’s oscillation; p — is the volume weight of the prod-
uct; F and 6, — are the sieve area and the average thick-
ness of the product layer on the sieve.

Using (12) and taking into account that a=wt in
the interval between from 0 to 2z, we get the average
value of the friction force.

I =fmgsina. (13)

As the average velocity of the product down-
ward movement on the surface of the flat sloped oscillat-
ing sieve is

.= %(sinx-kf, cos ) +@(cos(a + )+ f.sin(a+ fB))+v,,,
0} z

(14)
where U_ - is the initial velocity of the product,

1)

X

so from the formulas (6) and (11) it is available to get the
formula for determination of the average power which is
need to overcome the friction force of the product on the
sieves

N,=fm,g sina[ﬁ(sina - f, cosa)+
4w
2 .
L 2Or (cos(a + B)+ f.sin(a+ B))+v ]

V4
(15)
For the sifters with circled progressive mo-
tion of the sieves and angle of inclination to the hori-
zon a
T =fm/(gcosa—a’rsina), (16)
and velocity
v= g(sina- f cosa)t+ w’r(cosa+ f.sina)t+ vy,
a7
where v, — is the initial velocity of the product.
The average velocity of the gliding of the prod-
uct layer with the circled progressive motion on the sieve
can be determined by integrating the expression

iy
v, =~ [v.d, (18)
t/r 0 .

where ¢ =" s the integrating constant,
2w

which is equal to the time which is need to make the
crank's quarter turn. So we get

v, = p(g(sina - f.cosa)+ wr(cosa + f sina)+v,),
w

(19)

wherey =y 22 — is the integrating constant.
V3
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Substituting (13) and (19) into (11) we get an F_=F sin(a+p)+F, cosa, (30)
expression which determines the power to overcome the
friction force of the product on the surface of the sloped
sieve with circled progressive motion

where Fxr and F,, — is the area of the mutually
perpendicular edges of the body.

~
. . 2

N,= pf.m (gcosa - wrsina )(E-(sina - f.cosa)+ '-sl-l
" &

+ wr(cosa + f,sina)+v,) 8

(20) -

In case of horizontal sieves with circled pro- E;'
gressive motion, we get (EJ
N, =72'frmng(%+a)r+vm). (21) S

@ i

As the initial velocity v, is mainly low, i.e.
veo —0, so it can be neglected. The average power which
is need to deform suspension during the circled pro-
gressive motion of the sieves is equal to

N,=z,Rv,, (22) Figure 1 - Scheme of the definition of I:I
where z,—is the number of suspensions; P— is the mideley section of the frame F,, . at
the average flex resistance of the suspension; v.,— is the its progressive-reverse movement |

average velocity of the suspensions’ deformation. The

average value of the flex resistance of the suspension ) o
The average velocity of the body which is mov-

(23) ing reciprocating

2
E
P = 20 I 3/, r(l—coswt)dt,
0

_ 13 .
where ¢ — is the length of the suspension; E — is V. =— I rosinot dr.
the elastic modulus of the suspension; J, — axial moment ' a 0o
of inertia of the suspension section relative to its central After integrating (31) we get
axis. v _Zro (32)
After integrating the expression (23) we get ‘o
P- 3{ ?E r(— 2 ) 24) After substituting (30) and (32) 1nt02(229),2 we get
T . ro
The average velocity of the suspensions’ defor- P, =&(F, sin(a+ f)+F, cos(a+f))p, 2 (33)
mation is equal to B After substituting (33) and (32) into expression
20 25) (28) we get formula to determine the power which is

[0 .
Ven = 7 _[ rosin otdt. need to overcome the air drag to the motion of the body
0

. . when it is moving reciprocating.
After integrating we get g recip &

303
=22 (26) N, =&(F, sin(a+ )+, cosi@+ B))p,——s—. O
Vs T
After substituting (24) and (26) into (22) we get For sieve’s bodies which are moving circled
the formula for determination of the power progressive the current value of the midsection (fig. 2)
6Z J oEr’ 2

N, =—r—(1-5), (27)
xl T
where Z, — is the number of suspensions.
Power which is need to overcome the drag of
the air environment to the motion of sieve body

N, =Py, (28)

nc’c?

where P,. — is the average drag of the air envi-
ronment to the motion of the sieve body; v, — is the aver-
age velocity of the sieve body in the air environment.

The average drag of the air
2
v
Pnc = gF.'McIOn ?C > (29)
where ¢ — is the coefficient of the aecrodynamic
drag; F,. — is the midsection of the body; p, — is the air
density.

Figure 2 - Scheme of the determining of
the mideley section of the frame F,,. at its

In case when body is moving reciprocally circular progressive movement

(fig.1) midsection is defined as so
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is equal to So after substituting F,,. and v, from the expressions (36)
F =F coswt+F sinwt. (35) and (37) into expressions (28) and (29) we get that the
e Ke value of the power used by the sieve's body which is

moving circled progressive to overcome the air drag is
between 0 and ;— " we get equal to
2w 3 3

wr
Fo=2(F,+F,) (36) Ny =clE + Ep,
T

After integrating this expression in the interval

) (38)
T

The methods of calculating the power of the
separators with rolling sieves (barrels) are going to be
learnt in the next issue of the magazine.

In this case the average velocity of the body is
equal to the velocity of circular oscillations, i.e.

v.=or. (37
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JI.C. COJTIATEHKO, xana. TexH. HaYK, J0IleHT,
O.B. 'OPINIHUMU, cTyneHT
Odecvka HaYiOHATbHA aKAdeMis XapHosux mexnoaoziu, m.Odeca

YTOYHEHHA METOJAUK CUJIOBUX PO3PAXYHKIB
CUTOBUX CEITAPATOPIB

Anomauis

Pospaxynox cumosux cenapamopie nomyascnocmi 3a36uuati pooumscs npu ix pospobyi. Memoio maxux po3paxynxie € au-
3HAYEHHs NOMYICHOCMI KePOBAHUX eleKmpoosucyrie. Hedockouanicmy iCHYOUUX Memo0i6 pO3PAXYHKY HOMYAHCHOCI OeAKUX munie
CUMOBUX CeNnapamopie 3mMyutye po3poOHUKIE BUKOPUCTIOBYB8AMU THOUKATNUBHI MemMOoOu 8U3HAYeHHs nomyxcHocmi nepedaui. Hanpux-
21a0, ye podoumbCs MemoooM RUNOMO20 CROUCUBANHSA eHep2ii abo MenmoO0oM NOPIGHANHHA 3 NapaMempamu aHan02i4H020 00NAOHAHH.
L]i memoou oaromv nuwie iHOUKAMUBHT pe3YTbIMAmMu, MOMY NOMYHCHICIb 6CHIAHOBNEHUX eNeKMPOOSUSYHIE THOOI HAGIMb Nepesuyye
HeoOXiony, momy maxKum HYUHOM NOIPULYIOMbCA MEXHIKO-eKOHOMIUNI YUHHUKY 0O1aoHanHs. Memoou po3paxyHky nomyosicHocmi
NIOCKUX CUMOBUX CEenapamopie, uwjo pyxaromucs NOCMYNaibHo i iHGepCilino abo Kpy206a npocpecusHo, Maioms 4imko 6U3HAYEHUL
ceHc i 8paxogyiome GCi enepeogumpamu 0sueyna cenapamopis. Memoio po3paxyHky mexHono2iunozo 0ONAOHAHHA MA CUMOBUX
cenapamopie, 30Kpema, € GU3HAUEHHsI NOMYICHOCIIT eN1eKMPOOBULYHIE.

Heoockonanicmy ichyrouux memooié po3paxyHKy nomydlcHOCmi Hpu3go0ums 00 BUKOPUCMAHHA 6 OesAKUX MAWUHAX NO-
MYACHUX OBUSYHIB, BUOIP AKUX OAZYEMbCA HA THOUKAMUBHUX PO3PAXYHKAX, HANPUKIAOD, 3d OONOMO2010 MemoOy AUMOMO20 CHOICU-
6anns enepeii abo nopienants 3 ananrozamu. OCKilbKu po3paxyHKoei Memoou 3anedicams 6i0 3aKoHy pyxy pobouux yacmun i ix 0eu-
2yHa, KOJICeH NPUKIAO PO32Ns10AEMbCS OKPEMO.

IIpu  po3paxyHKy ROMYXCHOCMI cenapamopieé 3 NIOCKUMU CUMAMU, WO PYXAIOMbCA KOIUBANLHUMU, ePeKmueHa
NOMYHCHICMb, HEOOXIOHA O08USYHY CUMOBUX ML, OOPIGHIOE CYMI CepeOHboi NOMYHCHOCMI, HeOOXIOHOI Ol NPpUeoody KOAUBANLHOT
DPYXOMOT Macu; cepeoHto NOMYICHICMb, HeOOXIOHY Ol PO32OHY NPOOYKYIl; CepeOHI0 NOMYICHICD, HeoOXIOHY 01 NOOOIAHHS CUNU
mepms upody 8 cumi; cepeoHI0 NOMYNUCHICMb, WO BUKOPUCMOBYEMbCA ONsl 0eOPMYBAHHS CYCNeH3il; CepeOHsi NOMYICHICb
HeoOXIOHa 0151 NOOONAHHSL ONOPY NOGIMPAHO20 cepedoguwya. Tlomoyna éenuyuna NOMysHCHOCMI, KA HeoOXiOHa OJisl NPUEOOy KOU-
BANLHUX eleMeHmMi8 KOHCMPYKYIL, BUBHAYACNbCA 3 YPAXYSBAHHAM CYMAPHOL eIUNUHU MACU KOTUBAGHUX ML, 8a2a | KINbKICMb CUMO-
6ux min, eaza npoOyKmy Ha op2anax cum, eaza 2emepamopa, éazy pamu. 11io uac kpy2068020 npocpecusno20 nepemiujents cumosux
MINl NOMYJICHICMb, AKA HE0OXIOHA Ol PO320HY MAcu NPOOYKMY HA CUMI, WO PYXAEMbCA B3AEMHO, Malidice OOPIBHIOE HYIO, OCKINbKU
8UPIO pyXacmuvca 3 3YRUHKAMU HPOMALOM 6Cb020 Yacy nepebyeants na cumi. I]e maxooic cmocyemuvca nepemiujens eupooy Ha cu-
mo, uwjo 06epmaemucs, 0e HacmuHy 3MiHI0I0Mb HANPAMOK PYXY, KONU B0HU KOB3AIOMb 6HU3 [ 3HOBY NPUCKOPIOIOMbCSL.

THomyosrchicmeb npuckopents @ cenapamopax 3 Kpy2osum NpoSpecusHUM Pyxom cum OOpI6HIOE KIHemuuHill eHepeii il Konu-
sans xona. [[nsa 3abesnevenns 8iIOHOCHO2O PYXy YACMUH HA 20PU3OHMANLHIL NOBEPXHI CUMA, Wo 30IUCHIOE KPY208Ull NPO2PeCUBHUL
PYX, He0OXIOHO, W06 PI3HUYS MIJIC YEHMPOBAHOK IHEPYIUHOW CUNOI0 I CUNO0 mepms Oyia Ointvuie Hys.

Kntouosi cnosa: cunosi po3paxynku, 8UsHA4eHHs NOMYICHOCMI HA NPUBOD CUMOBUX CENapamopie, NOMYICHICmy 05 npu-
6004 8 pYX, NOMYIUCHICMb OJi PO320HY NPOOYKMY, NOMYICHICIb HA NOOOAAHHS CUL MEPMsl, NOMYAICHICMb HA deghopmayiio niosicox;
NOMYICHICMb HA NOOONANHS CUTL ONOPY CePedosULYA.
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