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Summary. Based on the equation of motion in a
screw conveyor-mixer, the kinematics of bulk material
i1s researched. The motion of bulk material n medium

speed operation mode of screw conveyor-mixer IS ana-
lyzed in details. The technique of determining the nature
of loading the screw conveyor elements 1s developed.
The analytical dependences for determining the speed
change of the given bulk material volume in relation to
a casing m medium speed mode of conveyor while mix
ing the bulk material are developed. This technique can
be widely used for designing the screw transport and
technological systems

Theoretical backgrounds of screw loaders perfor-
mance for unloading bulk materials from the horizontal
truss on the vertical one are substantiated. The analyti-

cal dependences for determining the value of axial force
of feeding bulk materials by means of horizontal branch
from an inclination angle of the vertical truss are devel-
oped. The graphic dependences of the change of mini-
mum axial force of feeding bulk material from the mncli-
nation angle of a conveyor vertical branch are devel-
oped as well.

Key words: screw feeders, bulk material, feeding
force.

INTRODUCTION

Nowadays screw conveyors are widely used for
technological transporting and mixing the bulk materi-
als. These conveyors are characterized by smmplicity of
their design. They are highly reliable, easy to use and
easy to adapt when used in automated systems, and they
are ecologically friendly as well [2, 4, 7-8, 12-20]. To
cut down power consumption and to increase the quality
of mixing the bulk materials, a number of screw mixers’
original designs are developed. The use of the working
body depends on the peculiarities of bulk material load-
ing the auger as well as on the peculiarities of the nature
of bulk material motion, and the practicability of using
the auger working body.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

The advantages of using such augers iclude the
increase of load coefficient in the area of transporting
the bulk material from a tanker into auger that leads to
the increase of conveyor’s productivity.

Analysis of recent research and publications. The
works of Grygoryev A.M. [1], Hewko B.M., Rohatyn-
sky1 RM. [3, 10-11], Hewko LB. [3, 9] and others are
dedicated to the issue of transporting and mixing differ-
ent materials. However, taking mnto account the diversi-
ty of technological processes and structural designs of
screw transport and technological mechanisms (STTM),
this 1ssue requires further research and refinement of
various parameters of theoretical and practical im-

portance.

OBJECTIVES

r

I'he objective of this work is to substantiate theo-

retically the screw loaders performance with two
branches of pouring bulk materials.

THE MAIN RESULTS OF THE RESEARCH

A number of original screw conveyor-mixers for
cutting down power consumption and minimizing the
damage of seeds as well as for increasing the reliability
of screw working bodies are designed. To use such con-
veyors 1t 1S necessary to solve issues related to the na-
ture of bulk material motion as well as to the practica-
bility of their use.

To mix the bulk material effectively, the conveyor
should work in the medium speed mode. This 1s the
characteristic feature of screw conveyor-mixers Fig. 1.
Based on experimental research it is proved that the ma-
terial in the cross section of conveyor casing is lifted to

the upper point and falls on the inner surface ofthe cy-
lindrical casing under the force of gravity, repeating the
cycle by the cycle.

The motion trajectories of the given bulk material
volume in the cross section of conveyor casing in the
fast- and medium speed modes are compared in Fig. 2.

The angular parameter 0 is determined by the na-
ture of bulk material motion during the screw conveyor

operation. To determine the nature of bulk material
transportation, the motion of the given bulk material
volume along the coordmates xyz (Fig. 1.) should be

considered.
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Fig. 1. Computation scheme of transporting the
given bulk material volume in the inclined screw con-
veyor: 1 - drive shaft; 2 — screw working body; 3 — giv-
en bulk material volume; 4 — casmg; 5 — trajectory of
bulk material motion in the medium speed mode (mode
of transporting and mixing)
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Fig. 2. Motion trajectories of the given bulk mate-
rial volume in cross section of casing in the fast speed 1

and medium speed 2 modes as compared

When the conveyor operates m the medium speed
mode, the bulk material is mixed and transported simul-
taneously. Taking into account the contact ofthe given
bulk material volume A with the auger’s screw surface
and the cylindrical surface of the casing, the placement
i1s determined by the radial parameter R and the angular
parameter 0.

In parametric form, with sufficient approximation,
the coordinates of the given bulk material volume A are
determmed by the dependences:

x,=(R—d)-cos®+dcos’0;

y,=R-sin0; (1)
T,(01-6)
z,= :
2T

where: Xa, Ya, Za, — coordinates of the given bulk mate-
rial volume, m; R — radial parameter of the given bulk
material volume, m; 0 — angular parameter of the given
bulk material volume, rad; @ — angular speed of work-
ing body rotation, rad/s; t — time, s; d — parameter that
determines the displacement of motion trajectory of the
given bulk material volume m medium speed mode as

compared with the fast speed mode, 7 - step, mm;

Parameter d 1s the function of angular speed of
working body rotation, the inner radius of casing, and
the transported material properties. The angular speed of

working body rotation increases, the parameter d de-
creases. The mner radius of casing increases, the param-
eter d mmcreases as well. In fast speed mode d=0, this pa-
rameter can be determmed with the use of parametrical
dependences based on experimental research.

Motion speeds of the given bulk material volume

related to the auger along the axes x, y, z:

(

X =X, =X,
IV =V Vo 2)
2 =247 2y

.

where:X,, V,, Z,, — projections of motion speed of

the given bulk material volume on the axes of coordi-

nates xyz, m's; x, .y, , z, — projections of motion

speed of the working body on the axes of coordinates

XyZ, 1s.
As the casing 1s motionless, the motion speeds of

the given bulk material volume related to the casing
along the axes x, y, z equal:

U

Xy = X5
YV2 = Va5 3)
R

The projections of motion speed of the given bulk
material volume are defined by differentiating the equa-

tion (1) for the general case, when R # const :

xA:d(R_d)COSQ_(R—d)'SiHQ-dH+d(d)coszt9—2dcosﬁsin6’d—(9;
dt dt  di di

' 4

<yA=d—Rsin¢9+R-cosé’-d—(9; 4
dt dt

| T( dé’j

z,=—|o-—|.
\ 2z dt

Motion speed of screw working body is deter-
mined by dependences:

(X, =R-wsin0;
¥, =R-wcos0; (5)
'z, =0.

According to (2) and taking mto account the de-
pendences (4) and (5), we develop the formulas:

-~ d(R-d . do
X, = ( )cos6’+R-sm¢9- w———— |+
dt dt
+dsin@ 0 + d(d) cos” @ —2d cos @sin Hd—g;
dt  dt dt
< (6)
- dR . do
y, =—sin—-R-cosl:| o—— |;
dt dt
- T do
z, =—| o——|.
| 27 dt

The modules of motion speed of the given bulk
material volume are determined by formulas:



Inserting the equations (4) and (6) into (7) and (8),
and hypothesizing that the casing has a cylindrical shape
with R = const, d = const, after the cuts, we get the for-
mulas:

. 2 >
|s1|—\/[R2+T—j(@—@) +2Rdsin2€)(m—dajde(l 2cos0) +

47 dt dt

do

+d” sin 8[
dt

) (1-2cos0)* > ©)

2
|s2|— Rz(de) to (a)—ie—j +2Rd sin” G(dej (1-2cos0)+
dt 4’ dt dt

d@) (1-2cos0)” -
dt
The acceleration of the given bulk material volume

i1s determined by differentiating the equation (6) when
R=const; d=const.

+d’ sin 6[ (10)

2 2 2
X = Rcos@ﬁ(m—@J Rsin@d ?+dcosed e+dsm6d ?
dt dt dt dt’ dt” (11)
, d’0 d’0 . .d’0
+2d(sm2(6) ——cos’(0) - —2¢0s0sin0 - J;
2
V= Rsm@ﬁ(m—@j+Rcosede
dt dt dt’
. T, d°0
Z=—— .
21 dt’

The numerical and experimental research as well
as the research presented m the work [5-6] prove that
the stable mode of transportation is set regardless of the
initial conditions of transportation after the passage of
transitional mode zone.

The minmmum force of material feed in a loading

zone of a vertical conveyor should be defined; the ra-
tional location of a loading conveyor should be speci-
fied. To achieve these goals, the analytical model shown
in Fig. 3 should be considered.

A particle of the material located on a screw sur-
face of a vertical conveyor in a loading zone i1s exposed
to a horizontal conveyor’s action. In the general case of
inclined position of screw conveyors axes, the motion of
this particle is described by the equations of equilibri-

um.

FZ X=N]x+Fx+Hx+Gx+F=0;

3 ZY=N1y+N2y+F1y+Ply+Gy=O;
2 Z=N1;+F;+R+G;=0,

where: Ny, Niy, Ni, — projections of a normal reaction
from a vertical auger surface to the axes x, y, z H; Fy,,
Fiy, F1, — projections of frictional forces between a par-
ticle and a surface of a screw working body to the axes
X, ¥, z H; Gy, Gy, G, — projections of a weight force to
the axes x y, z H; Py, Py, P1, — projections of a force

of feeding the material into a loading zone by a horizon-

(12)

tal conveyor to the axes x y, z H; £}, — projection ofa

centrifugal force to the axis x N, — projection of a
normal reaction from a casing surface to the axis y, H.
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Fig. 3. Analytical model to determme the mini-
mum force of material feed in a loading zone of a verti-
cal conveyor: 1 — screw working body of a vertical con-
veyor; 2 — shaft of a vertical conveyor; 3 — casing; 4 — a
piece of material; 5 — screw working body of a horizon-
tal conveyor; 6 — shaft of a horizontal conveyor

Projections of a normal reaction to the axes are de-
duced by the formulae:

(Nj_ x=—N]-sin &;
4 N1y =—Np-sing; (13)
N1z=Nj-cosa,

where: o — an angle of helix ascent of a screw working
body, rad; N; — normal reaction from the screw surface,
H.

Projections of a weight force to the axes:

(

G, _=mg-cosy;
<G, =0; (14)
G, =-mg-siny,

where: m — a particle mass, kg; vy — axis mclination an-
gle of a vertical screw working body to the horizontal,
rad; g —acceleration of gravity, m/ c”.

The projection of a centrifugal force:

F_=-mRo;, (15)

where: R — outer radius of a vertical auger, m; Wy —

angular rate of auger rotation, ¢
Friction F; acts oppositely to the vector of a parti-
cle absolute rate, and its projections are:

=—f,N, -cos «;
1 F, =—/N,-cosa;
F_=—/N,  sina,

where: f; — coefficient of friction between the particle
and auger surface.

Projections of a force of material feed into the
loading zone by a horizontal conveyor:

B, =h-sin(y—=p);

(16)

(17)
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Where:3 — axis mclination angle of a horizontal screw
working body to the horizontal, rad.

The numerical and experimental research as well
as the research presented m the work [3, 6] prove that
the stable mode of transportation is set regardless of the

initial conditions of transportation after the passage of
transitional mode zone.
Based on (13-17), the system of equations (12) can

be developed:

(ZX:—NI sina— £,N, cos o+ P, sin(y — ) + mg cosy — mRo; :O;(18)
Y Y=-N,sino— f;N, coso.+ f,N, = 0;
kZZ=Nlcosoc—lelsinoc—mgsinerPlcos(y—B)=0.

where: N, — normal reaction of a casing surface, H.
Based on the third equation, the normal reactions
of a casing surface can be deduced:

vy _mgsiny—A cos(y—B)
: coso.—f{sina.

A\

(19)

Substituting the equation (19) into the first equa-
tion of the equations system (18), the following formu-
lae are deduced:

(—mgsiny+H cos y—[3 sino+ f] cosa

: +
coso— f1 sina . (20)
+P1 sin Y—[3 + mgcosy — cho% =0

(—mgsiny + P1 cos Y— tg(a + @)+

HD1 sin Yy—3 + mgcosy — cho% =0

—mgsinytg(o+ @)+ P1 (cos y—p tg(a+q¢)+

+sin 7—3 )+mgcosy—mR(D§:O ’
. 2
mg (siny tg(a+@)—cosy)+mR®
A= 5 e

cos Y— tg(a+@)+sin y—

where: ¢ — friction angle between the material and au-

ger surface, ¢=arctg f].

The force of feeding material into a loading zone

by a horizontal conveyor can be deduced from the for-
mula:

A =Ry—mg(sinP+ f2 cosf), 21)

where: Py, — axial force of material feed, H; f; — coeffi-
cient of friction between the particle and the surface of a
horizontal auger casing.

Substituting the equation (21) into the equation
(20), the mmimum axial force of material feed can be
deduced:

During the study of the technological process of
loading a SW, the analytical dependence for determin-
ing the value of axial force of a horizontal branch was

developed, where:

mg (siny tg(o+@)—cos y)+mR(0%

P — +
0 cos y—f tg(o+@)+sin y— (22)

+mg(sinf3 + f2 cos3),

Based on the formula 22, the graphs of dependenc-
es of mmimum axial force of material feed on inclina-

Py, H

tion angles of the vertical conveyor (Fig. 4) and the hor-
izontal conveyor (Fig. 5) are developed.
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Fig. 4. Graph of the dependence of minimum axial
force of material feed on the inclination angle of a con-

veyor horizontal branch R=0.1m, T=0.2m; p=0grad: 1-—
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Fig. 5. Graph of the dependence of minimum axial
force of material feed on the mclination angle of a hori-

zontal conveyor R = 0.075m, T = 0.15m; = 25s-1 1 — vy
= 75grad; 2 —y = 80grad; 3 — vy = 90grad

In addition, the graphs m Fig. 3 prove the exist-
ence of an optimum inclination angle of a horizontal
auger, due to which the axial force of material feed
takes the smallest value.

To find the optimum angle 3, the equation (23) is
differentiated:

: T Tc2n22
—| mg siny tg(arctg——+@)—cos y)+mR
dP 27R 900

dp 2
T :
cos —y+f tg(arctg——+@)—sin —y+P
2TR
x[—sin —v+P tg(arctgiﬂp)—cos —v+P )+ (23)
2TR

+mg(cos P — f2 sin 3)

Considering the equation (23) equivalent to zero,

the optimum angle 3 can be defined. Nevertheless, this
equation has no analytical solution. Therefore, to define
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the optimum angle B, the graphical method shown in
Fig. 3 should be applied.

CONCLUSIONS

1. The engineering technique of determining the
nature of loading on the elements in mediuum speed
mode of screw conveyor, on the casing and the screw
working body in particular is developed. The speeds of
bulk material transportation periodically change when
the augers with axis motion are used. This fact improves
the process of mixing the bulk materials.

2. The analytical dependences to determine the pa-
rameters during transportation of the given bulk materi-
al are developed. These dependences can be widely
used in designing the screw transport and technological

systems.

3. Analysmng the graphs in 2 and 3, the following
conclusions should be made. First, if the inclination an-
gle of a vertical screw conveyor increases, the mmnimum
axial force of material feed increases as well. Second, to
reduce the mmimum axial force of material feed by 5-
7%, the horizontal auger should be set with a positive
inclination angle B of the axis of a horizontal screw
working body to the horizontal. The positive inclination
angle B ranges within 3-20 degrees. Third, the greater
the inclination angle of a vertical auger is, the greater
should be the inclination angle of a horizontal auger.
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