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Summary. Improving the existing designs of screw conveyors can significantly increase productivity and
expand the functionality of transport mechanisms, which leads to further development of production. One of the
reserves to increase the functionality of screw transport mechanisms is to improve the transportation process by
developing combined screw working bodies that will ensure the simultaneous movement and grinding of materials.
The objestive of the work is to refine the mathematical model of productivity of the improved screw conveyor
basing on coordination of supply of root crops from the loading channel to the auger and complex geometrical
factor of filling the working space of a trench. The developed refined mathematical model allows to determine at
the highest level the real productivity of simultaneous transportation and grinding of root crops on a separate
technological unit, which is installed, for example, in the line of preparation and processing of root crops for
biofuels. This allows to optimize the parameters and modes of operation of the entire processing complex at a
practical level and ensure its estimated productivity of the manufacturing process.
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Statement of the problem. Developing of highly efficient technological processes for
transportation of both single lump and bulk materials requires an integrated scientific approach
to solving the problems of further improvement of screw mechanisms of transport systems in
order to perfect their technological performance [1]. The problems are solved basing on further
improvement of methodology and techniques of optimization of rational technological
indicators of materials transportation process and structural and kinematic parameters and
modes of operation of screw transport systems [2, 3].

The technological process of moving root crops by screw conveyor (SC), which
simultaneously transports and grinds them for further processing of shredded root crops into
biofuels, is one of the important and complex technical operations in the general context of the
technological process of closed cycle energy production [4].

Increasing the productivity of technological equipment and the degree of yield of the
final energy product are priorities in the general aspect of improving the technological and
economic indicators of the national economy and ensuring the energy efficiency of Ukraine.

The proposed improved SC [5-10] with a combined working body is primarily
characterized by operational and technological indicators, including technological capacity or
manufacturability, regulates the productivity of transport mechanisms and, ultimately — the
productivity of the entire processing complex.

Analysis of available investigations. In general, in most scientific papers, the productivity

Q, (kg/s) of SC work is determined for machines of continuous action by the formula
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Qn =Ad oy, (1)

Depending on the purpose, angle of installation, material of transportation, etc., the most

well-known transformed dependences to determine the productivity Q, (t/h) of the SC are given
in [11-14], which are recorded in the form of analytical dependencies:

Qn =47D°p ke ; Q, =3600F4,p; o — 47.1p1//Tnc[(D +22) —dﬂ; 2)

Q,, =157D*Tnpcy ; Q, =152D°Tnpy ; Q. =0.047D’Epynl , ©)

where D, d , T , N are respectively outer diameter (m), drum diameter (m), pitch (m), screw
speed (rpm); C is the coefficient of the angle of inclination to the horizon; K, is the coefficient

of axial velocity of the material; F, is the average cross-sectional area of the flow, m?;
A isradial gap, m.

One of the main parameters that has a significant impact on the functional dependence
of changes in productivity and power consumption of screw mechanisms depending on process
parameters, both theoretical and experimental, is the filling factor y of the working space or
working chute of SC [15].

At the first stage of determining the coefficient y , the initial generalizing record

w=w.kK,..K (i=1,2...,N) is used where i, =V, /V, is the total value of the coefficient of
filling the working space, which is defined as the ratio of the volume of material V;, in the gutter

to the volume of the V| gutter; kK,..k; are coefficients that depend on the design and geometry

of the screw, the length of the loading and unloading neck, coefficients of friction, moisture
content of the material, etc. [16].

In this case, summarizing the results of research, we can conclude that the most universal
of them are the dependencies, which are given in [17, 18]:

w —1—(Kn/1000); ¥ = (1-0.4sin g)Km / v/n, (4)

where K is the coefficient that depends on the diameter of the screw; s <30 degrees is the

angle of inclination of the SC to the horizon; M is the coefficient that depends on the length of
the loading space.

To calculate the volumetric productivity of horizontal SCs [19], in which the auger is
located in a closed casing, the most commonly used ‘classical” formula, or its interpretation

Q, =o.257z(D2—d2)(T—LjnKo (5)
or Coso ’

Q, =0.257y9’ (D* -d?)
where b is the thickness of the coil of rectangular cross section, m; K, is the total complex

coefficient, which reduces the load of the auger.
Kerzhentsev V.A. [20], taking into account the conclusions [21-24] (productivity gap
is from 10 to 30%), to adjust the accuracy during the calculations proposed to introduce the
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operation of redistribution of arguments in the function of determining the productivity of
Q,, of SC.

That is, first determine the diameter D of the SC auger depending on the introduced
independent argument ‘performance’ Q, i.e.

D =(4Q, / AC,C, )", (6)

where C,, C, are dimensionless coefficients obtained on the basis of transformation of the total
complex coefficient K.

In this case, this technique allows to calculate the parameters of the auger, which provide
a discrepancy of not more than 3.5% of the design.

Statement of the problem. Clarification of the mathematical model of the improved
SC productivity based on the coordination of feeding the root crops from the loading channel
to the auger and the complex geometric coefficient of filling the working space of the chute.

Materials and methods. Substantiation of rational parameters of the combined working
body will be carried out on the basis of analytical study of its capacity or productivity Q, of
the improved SC (Fig. 1a) [5-10].

The main structural and kinematic parameters of the SC and their relationship is
regulated by the criteria of the main indicators of technological and operational stability of the
auger [25].

According to Fig. 1a, productivity Q,, of the improved SC in general and in the main

aspect is regulated by the productivity of the auger 3, which is noted by Q, . The criterion for

the manufacturability of the process of simultaneous transportation and grinding of root crops
with knives mounted on the auger drum will be the condition under which the capacity or

productivity Q, of the auger must be at least (greater than or equal) for feeding root crops W,

for a certain period of time 1 .

In order to formalize the process of loading root crops and their subsequent
transportation by improved SC and to justify the rational parameters of the working bodies,
consider the functional diagram of the technological process of the loading channel, which is
shown in Fig. 1 b.

d, Vaw, /dr
2
dw, /dt
1 h.
dl: N
A Fy
3| 4
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v d25
b

Figure 1. Scheme: a — improved screw conveyor: 1 — hopper; 2 — casing;
3 —auger; 4 —drum; 5 — turn; 6 — knife; b — to calculate the parameters of the loading channel: 1 — hopper;
2 — loading neck; 3 — output neck; 4 — root crop
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The transport nodes of the loading channel are the hopper 1 (Fig. 1 b), which has a
loading neck 2, that passes into the output neck 3.

The root crops 4 with the loading device through the loading neck 2 enters the hopper 1,
and then through the upper and lower holes of the outlet neck 3 freely fall into the interturn space
of the auger 3 (Fig. 1a). Here the root crops are simultaneously transported and shredded with knives
6, and then shredded root crops are unloaded through the unloading channel 3 (Fig. 1 b) SC.

To formalize the process of operation of the loading channel, we take the following
assumptions (Fig. 1 b):

- the flow rate of root crops through the outlet 3 of the hopper 1 to the turns of the
auger in the final aspect is not less than the capacity dQ, /dt of the auger for time t ;

- patterns of movement of roots crops in the the hopper 1 are described (subordinated)
by the main processes of free flow of material from the container [26];

- the flow rate of root crops through the outlet 3 occurs in the process of draining the
root crops into the funnel at an angle of natural slope to the period of destruction of the height
of the dynamic unloading vault [26];

- the cross-section of the loading neck 2 and the upper hole of the output neck of the hopper
1 are circular, and the cross-section of the lower hole of the output neck 3 is elloipse-shaped.

The diameter of the loading neck is noted by dj, the diameter of the upper hole of the

output neck is noted by d,,, the small and large axes of the ellipse are noted by 4, =d
b, =d,,, respectively.

1z !

Results and discussion. The capacity of the hopper dW, /dt in the general context is

regulated by the root crops flow through the lower opening of the output neck of the hopper.
According to the previous assumptions, as well as the fact that the cross-sectional area
of the upper outlet or the area s, of a circle with a diameter q,, is always less than the cross-

sectional area of the lower outlet, or the area of an ellipse s, whose small axis is equal to the
diameter of the circle d,, .
Thatis s, < s,, the flow of material through the output neck of the hopper (or in our

case — the capacity of the hopper dW,/dt) will be regulated primarily by the flow of material

through the upper hole of the outlet of the hopper.

Based on this, we can write the inequality that characterizes the manufacturability of
simultaneous transportation and grinding of roots by the auger of the improved SC, or its
condition of rational functioning

dM, /dt > dW, /dt, ago Q =W, , (7

where dM, /dt is the mass of unloaded crushed root crops through the unloading channel of
the improved SC for time t, kg; dW, /dt is total weight (supply) of loaded root cops through

the loading channel (hopper) for time t, kg; Q, is productivity of the auger, kg/s; W, is supply

of root crops, which are loaded through the hopper of the improved SC per second, kg/s.
Functional relationship between the dimensional parameters of the loading channel 1

(Fig. 1 b) and structural and kinematic parameters of the auger 3 (Fig. 1 a) of the improved SC

will be determined based on theoretical analysis of the total mass (feed) of loaded root crops

dW, /dt through the hopper, hopper capacity dW, /dt (kg), the required design capacity
dQ, /dt of the auger for time t.
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In this regard, condition (7) is written in the form

dQ, /dt > dw, /dt > dw, /dt ®)

and according to [17] the capacity of the hopper W, (kg/s) is

W, =V, pS, = 4,0S5,4/3:29R, / /f, , (9)

where V, = ﬂum is the flow rate of the root crops from the hopper hole, m/s; 4, is the
coefficient of load resistance; R, is reduced critical radius of the hole, m; o is volume weight
of load, kg/m®; S, is the area of the the load outlet channel of the hopper, m?; g is free fall
acceleration, m/s?; f, is the coefficient of internal friction.

Then, according to dependence (9), the capacity of the hopper dW, /dt (kg) for the
period of time 1 is determined by the formula [12]

dW, =(4,,,S,1.69d,, /[T, )dt, (10)

where 4, =0.65 is the coefficient of resistance for dry lump loads [3]; £, =550 kg/m? is

the volume weight of root crops; S, =0.257(d,, —a')2 is the area of the upper hole of the

output neck of the hopper, taking into account the lumpiness of the load, m?; 4., is the reduced
diameter of the upper hole of the output neck of the hopper, m; a’ is an average transverse
size of root crops, m; f,=0.25d,,/(h,+h,,)is coefficient of internal friction;

h,, N, =My, +d,, 8Ny is height of the vault, m.
After substituting the component values in (10), we obtain

AW, = (4,07 (d, ~ )" [L60d,, (2N, +0,, sinet, )/ 2d;, )t (12)

the productivity of the auger Q, (kg/s) is determined by the general formula for the productivity of
machines of continuous action, i.e.

Qk = vak:unWaVWa (12)

where F, is cross-sectional area of the load flow, m?; v, is the coefficient of the angle of the

auger to the horizon; V,, is the average speed of movement (transportation) of load in the

direction of the output part of the auger, m/s.
The auger feed rate (productivity ratio) is determined according to [26]:

ty =k, =2 Vy =V Ky = KoKy (13)

om v

where K, K, ky are, respectively: sliding coefficient; a coefficient that shows the degree of

influence of the angle of rise @ of the helix along the average radius of the last turn of the
auger; the coefficient of compaction of crushed roots by turns of the auger.
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In this regard, given the above, it can be stated that for our case:
- in the absence of "leakage" of crushed roots through the gap (4, = 0), the value of

the screw feed factor 4, will be equal to the fill factor k, , or 4, = K,

- the average speed V,, of axial movement of crushed roots by turns of the auger and
the value of the step of the last turn T; =T, +NAT under the accepted condition that T, =T, + AT
o T, =T, +AT ; is determined

_To , _ (L +nAT)k, do
Vv

V
W 27 27 dt

, (14)

where @, is the angular speed of the auger, deg./s; ¢ is the angle of rotation of the auger,
degrees;
- the cross-sectional area of the load flow F, will be equal to the inner cross-sectional

area of the casing F,

F, =0.257zd? =0.257 (D, +¢,)’, (15)

where ¢, is the gap between the turning and the casing, m.
After a series of transformations we obtain the dependence to determine the required

design capacity dQ, /dt of the auger over timet, while the outer diameter D, of the auger
during the design of auger screw mechanisms that transport lump materials is taken by the ratio
D, =kyd,,, where ky = 6...8 is the ratio where the diameter of the auger drum pipe will be

defined as a relation d;, = D, /K,
— 2 d¢k
dQ, =0.125D, p,y,, (T, +nAT )k k, " @, (16)

[ 405,27 (k, -1)k
i, 2k ~Dk, +6,(n,n-1)3, x
7 n[2T,+4T (n-1)]|D,

where
@

1

1

- 27k}

X

2D,k, (a+b)((k, —1))cos 7, —6{

2btge, cosy, + %(kd -1)

d

DZn,n[ 2T, + 4T (n

-1)Jcosy,

. 0, is the
dt

thickness of the spiral coil blade, m; Z is the number of auger measures, pcs.; &, b are the
bases of a trapezoid of a knife, m; J,is prism height (knife thickness), m; 7,-is the angle
between the height of the knife and the edge of the trapezoid, deg.; n, is the number of turns of

one step, pcs.; AT is the increment of step pitch, m; N is the number of T; -steps, pcs.; o, is
the number of knives of one step, pcs.;
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Q2 =\[T7+0.25(D, +d, ) +(T,+4T) +0.25(D, +d, )’ +

+...+\/[Ti +4T (n-1)] +0.25(D, +d,,)’

. a
arcsin —

O = LU [ a cosarcsini,
180 d

m m

The developed dependence (16) is a mathematical model that characterizes the

change in the capacity dQ, /dt of the improved SC over a period of time t depending on
the design and kinematic parameters of the auger.
For the practical use of model (16) we will perform the following transformations:

- express the component of the angular velocity of the auger d¢, /dt through the

frequency of rotation of the auger, where dg, /dt =@, =m, /30, when N, is the frequency

of rotation of the auger, rpm;

- express the parameters of the shredder knife @ and b through the parameters
of the auger, while for simplicity we assume that the large base of the shredder
knife is approximately equal to a quarter of the length of the drum drum circle,

ie. a=ly /4=025xd, =0,252D, /ky, where Iy is the length of the screw drum

circle, m.
In this case, we obtain:

D

=

b=a-2htgy, =0,252D, / k, -2-0.5(D, —d, )tgy, = [0.257z—tg;/n(kGI —1)] (17)

=~

d

a+b=0.257D, / k, +D,[ 0257/ k, ~tgy, (1-k;') | = %[O-Sﬂ—tgyn (ke =1)] (18)
d

Then the dependence to determine the performance Q, of the improved SC after
simplification will have the final form

_an, D pw, (T, +n4T) k.K, ©

: (19)
240

k

or in simplified form

_ M Dy e o (T + NAT )oK

a7y (1- 20
Q 220 (1-k,). (20)
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L, 495,2(ky ~1) Ky +&015n(nzn—1)><
7 n[2T,+4T (n-1)|D, K,

IR e TR
where K =|1- 27k2| | -5, [[0,5”49;/” (ks —1) Jtae, cos 7, —2(k, —1)] k,® /
8 DZn,n[ 2T, + AT (n—1)]cos, D,

k, the geometric constructive coefficient, which is determined by the analytical expression
written in parentheses after the writing ‘1 —° in formula (19), that is

[ 4065 7(k, 1)k i
£+ 5CZ( d ) d +&915n(nzn_1)x
7 n[2T,+4T (n-1)]D, K,

L Dky [ 7 —tg7, (kg —1) ]((ks —1))cos y, -
R @
27k | | -9, [[O,S;z—tgyn (kq —1)}tgan cos y, —2(k, —1)] k,®

g Din,n[ 2T, + 4T (n-1)Jcos y, DS

n

According to the formula (20) under the initial conditions p, = 550 xr/m%; ¥, = 0.7,

K, = 0.65; ky = 0.7; k, = 0.7 the dependence of the change in productivity Q,on the main
structural-kinematic and technological parameters of the auger in the form of a functional is
drawn: Fig. 2a — Q. = f(D,;T;) when AT = 0.04 m: Fig. 2b — Q, = f(D,;n,) when
AT = 0.04 m; Fig. 3— Q = f(Dy;AT) when 1, = 0.11 m; Fig. 4a— Q, = f, (D, ); Fig. 4 b -
Q= fo(ny); Fig. 4c— Q = f, (4T).

2
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Figure 2. Dependence of changes in productivity Qk of the improved SC as a functional: a—qQ, = f (D) 1,
2,3-n, =100, 200, 300 rpm; 6 - Q, = f,(D,;n, )+ 12,3 T, =0.05;0.08;0.11 m;
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Figure 3. Dependence of changes in productivity Qk of the improved SC as a functional
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Figure 4. Dependence of changes in productivity Qk of the combined SC as a functional:
a- Q= fy (D, ): Q1 Q2,Q3 - N =100 rpm, Q4, Q5, Q5 — N, =200 rpm,
Q7,Q8,Q9- N, =300 rpm, 1, 2,3 - T, =0.05;0.08; 0.11 m; b~ Q = f, (N, ):
Q1,Q2,Q3- D, =0.12m; @4, @5, @5- D, =0.16 m; 97,Q8,Q9- D, =0.2m;
1,2,3- T, =0.05;0.08; 0.11m; ¢ - Q, = f, (4T ): Q1 Q2, Q3 - N, =100 rpm,
D, =0.12 m; Q4, Q5,Q5 - N, =200 rpm, D, =0.16 m; Q7, @8, Q9 — N, =300 rpm,
D, =02m;1,2,3-T, =005008011m

It is found that the estimated productivity Q, of the improved SC is in the range of
Qy =0.07...1.9 kg/s, and depending on the parameters of the auger has a directly proportional
functional nature of change — with increasing rotation speed N, , diameter D, , pitch T, and auger

increment increase AT productivity Q. increases. Dominant factors that have a significant
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impact on productivity increase Qy are the rotatin speed N, and diameter D, of the auger.
A significant increase in the theoretical design productivityQ, of the improved SC
occurs at a diameter D, >0.16 m and a screw speed N, > 200 rpm. The average value of the

increase Qis (varies) in the range from 0.8 to 1.2 kg/s depending on the value of the step of
the first turn T, and the increase in the increment of the step AT .

At the screw rotation speed in the range of 100 < N, < 200 rpm, the increase in productivity
Q, of the SC in the general context is insignificant and averages 0.3 kg/s (Fig. 4 a, b, ¢).

A significant increase in productivity Q, of the improved SC depending on the increase
in step increment AT occurs at a speed Ny, =300 rpm and a screw conveyor diameter D, >

0.2 m, with an average increase Q, is 0.7...0.8 kg/s. When a screw diameter is D, < 0.12m,

the increase in SC productivity is insignificant (within 0.04...0.06 kg/s), or practically non-
existent, Fig. 3 c.

Thus, based on the theoretical analysis of the structural scheme and the technological
process of functioning of SC, it can be stated that the rational structural and technological
parameters of the adopted constructive model of the improved SC will be:

- the structural geometric coefficient K, of the auger is in the range of 0.026...0.07;
- filling factor kz of the working space of the improwed SC is I the range 0f 0.7...0.94;

- the estimated productivity Q, of the improved SC will be Q, =0.07...1.9 kg/s;

- the diameter d,, of the load output hole of the outlet channel of the loading hopper

is from 0.07 to 0.22 m.

Conclusions. According to the results of the analysis of the technological process of
simultaneous transportation and crushing of root crops, it can be stated that the developed
mathematical model of productivity of the improved SC allows optimization of rational
parameters of the process of transport screw mechanisms.

It was found that the estimated productivity Q, of the improved SC is in the range of
Qy =0.07...1.9 kg/s, depending on the parameters of the auger has a directly proportional
functional nature of change — with the increasing of rotation speed N, , diameter D, , pitch T,
and increment AT of the auger productivity Q, increases. A significant increase in
productivity Q, depending on the increase in step increment AT occurs at a speed N, > 300
rpm and a screw diameter D, = 0.2 m, with an average incrase Q, of 0.7...0.8 kg/s. With a

value of diameter D, < 0.12 m, the increase in productivity is insignificant — from 0.04 to 0.06
kg/s or almost does not take place.
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YK 631.361.2

METOJOJIOT'TA YTOYUHEHHA ITPOAYKTUBHOCTI POBOTHU
I'BUHTOBOI'O KOHBEE€PA

Mapis [anbkis!; Muxaiino Muaunens!; Bitaniii Manbkis?;
I04is Ianbkis!; Harana dy6uax?

Y Tepuoninocokuii nayionanvuuii mexniunutl ynieepcumem imeni leana Ilynios,
Tepnoninw, Yrkpaina
2BI1 Hayionanvrozo ynisepcumemy 6iopecypcis i npupoOoKopucmyeanHs
Ykpainu, bepeocanu, Yrpaina

Pe3tome. Yoockonanents icHy1ouux KOHCMPYKYill 28UHMOBUX KOHBEEPI8 00360J1A€ iCMOMHO NIOBUWUMU
NPOOYKMUBHICIb | pO3UWUPUMU  QYHKYIOHATbHI  MONCIUBOCMI  pOOOMU  MPAHCHOPMHUX MeXaHiZMi8, WO
npu3800ums 00 NOOAILULO20 PO3BUMKY eupobHuymea. OOHUM (3 pesepsis NioeuweHHs OYHKYIOHATbHUX
Modcaugocmetl 28UHMOBUX MPAHCHOPMHUX MEXAHI3MI8 € YOOCKOHANEHHS Npoyecy MpaHCHOPMYSAHHS WLIAXOM
DPO3pOONEHHA KOMOIHOBAHUX 28UHMOBUX POOOUUX OpeaHis, AKi 3abe3neyamsv OOHOUACHe NepeMiujenHs ma
noopionenns mamepianie. s peanizayii mexmono2iuno2o0 npoyecy O0OHOYACHO2O0 MPAHCNOPMYBAHHL MaA
NOOpIOHEHHA KOpeHenn00i8, Hanpuxiaod, nio0 4ac NPUuoOmy8aHHs KOHYEHMPOBAHUX KOpMis, abo nepepooKu
KOpeHennoodie Ha 0ionociyne NAUG0, MU pO3POOUIU KOMOIHOBAHUU pOOOYULl OpeaH, SAKUU CKIA0AEMbCA 3
HAnpasisitoy020 KOJXCyXa ma 6CMAaHo8IeH020 8 Hbomy wHeka. Ha eumkax wrnexa 3axpinneno pixcyyi Hodci. 11i0
yac obepmanHs WHeKa PidiCyyi HOMHCI NOOPIOHIOIOMYb KOPEHEeNI00U OOHOYACHO 3 IX nepeMiujeHHAM Y3008 OCi
obepmanns wHeka. Memorw pobomu € ymouHeHHs MamemMamuiyHoi Mooeii npoOyKMUHOCHi y00CKOHAIEHO20
28UHIMOB020 KOHBEEPA HA OCHOBI 32004CEHHS N00AUi KOPeHeniooia i3 3a6aHmMaAN}CY8ANbHO20 KAHALY 00 WHeKd ma
KOMIIIEKCHO20 2e0MEMPUUHO20 KOeiyieHma 3anoeneniss pobo1ozo npocmopy sconoba. Pospobnena ymounena
MamemMamuyHa Mooenb O00360]A€ HA BUWOMY PpIiBHI NPOSHO3Y6AMU U MOYHIWeE BUSHAYAMU PEeanbHy
NPOOYKMUBHICIbL 00HOYACHO20 MPAHCHOPMYBAHHA U NOOPIOHEHH KOPEHeN100i8 OKPeMO20 MeXHON02IYHO20
8Y3/1d, AKUL 6CMAHOGNIEHUN, HANPUKIAO, V JIHII Ni020mosKy ma nepepooKu KOpeHeniodis nio yac npueomyeanHs
KOHYEHMPOBAHUX KopMis, abo Ha Oionociyne naiugo. Lle 0036015€ HA NPAKMUYHOMY Pi6HI ORMUMIZY8amMuU
napamempu i pexcumu pobomu poooyux Opeamie nepepobHO20 KOMNIIEKCY ma 3abe3neuumu ix po3paxyHKOGy
NPOOYKMUBHICMb, AO0 NPUKIHYE8Y MEXHOL02IUHY NPOOYKMUSHICHb YCb020 NPOYecy UpoOHUYMEa NPOOYKYIL.

Knruosi cnosa: 3asanmasicy8anbHutl KaHAl, KOPEHENao0U, WHEK, HIdC, NOOPIOHEHHS, MINCEUMKOBUL
00’ €M wHeKa, KOHCMPYKMUBHO-KIHeMAMUYHI napamempu, KOe@QiyicHm 3an06HeHH s, KOMNJIEKCHUL 2e0MempUYHULL
KoegiyicHm.
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