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Summary. Transportation, as well as loading and unloading, of bulk materials by flexible screw
conveyors has wide practical application and its share is approximately 40-45%. The flexible screw conveyors
are also widely used as they can change the trajectory and height of technological raw material transportation.
The above-mentioned mechanisms consist of separate rigid sections which are pivotally connected between each
other. Though, high metal consumption is one of their disadvantages. Taking into account that the load on section
is increasing from the unloading area to the working body, it has enabled us to reduce their metal consumption.

Some theoretical substantiation of productivity determination and energy values of flexible screw
conveyors depending on the type of technological raw material and the height of transportation has been given in
the article under discussion. The obtained characteristics have made possible to substantiate the force factors
acting on separate sections. The rigid sections where the rotary moment transmission is taking place due to the
flat plates action have been used in the flexible screw conveyor. Therefore, some recommendations on the
mechanism metal consumption reduction without its productivity decrease due to the plates size optimization have
been made in the article under discussion.
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Statement of the problem. The most important disadvantage of flexible screw
mechanisms consisting of the same rigid sections is their high metal consumption. Taking into
account that the sections in the unloading area are almost unloaded while they are maximal
loaded in the loading area, it is possible to reduce the size of their bearing elements, namely
plates.

Analysis of the well-known results of the research. In papers [1, 2, 3, 4] some
experimental-analytical study of productivity and power consuming dependences of flexible
screw conveyors with rigid sections has been carried out. In paper [5] some recommendations
on metal consumption reduction of separate elements of rigid sections relative to their location
in the loading area have been given.

Paper purpose. To substantiate the design parameters of separate elements of flexible
screw conveyor rigid sections without the transporting mechanism productivity reducing.

Problem statement. To determine the boundaries of the most efficient design
parameters of plates of bearing elements of flexible screw conveyor rigid sections.

Results of the research. The main working bodies of the most loading-unloading
agricultural machines are screw conveyors. They are rather specific mechanisms due to a great
variety of technological processes which they perform and also physical and mechanical
properties of the transported material determining the design parameters and stock list of the
transporting screw conveyor. The process functional diagram of the flexible screw conveyor
which consists of separate sections is shown on fig. 1. Technological granular material is
delivered to the bunker — 5, where the vibration arch breaker is mounted — 6 to move the raw
material out of location. After that the granular material is delivered to the flexible conveyor —
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Substantiation of flexible screw conveyor metal consumption under productivity maintenance conditions

3, which is located on the screw conveyor ends in metal pipes — 10 connected between each
other by a flexible hose tube — 4.

The screw conveyor is driven due to the electric engine — 1 and the gearing — 2. The
bunker is fixed on the supports — 7. The raw material is being technologically unloaded into a
container — 8, the screw conveyor end is fixed by a support arm — 9.
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Figure 1. Schematic picture of the flexible screw conveyor

Any changes in the productivity with the rotation frequency change depend on physical
and mechanical properties of the transported raw material and geometrical characteristics of
flexible screw conveyor and can be found by the formula [1]:
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where D — conveyor external diameter, D =D, - z;
D; — pipe (trough) diameter where the conveyor is located;

z — clearance between the conveyor external edge and the pipe, z=0,02 D; ;
u —raw material friction coefficient with the conveyor surface;
T — pitch of the conveyor flight, T =0,7 D;;
@, — the coefficient of the transporting mechanism volume filling, ¢, = 0,8;
w — coefficient depends on the width of the conveyor flight,
_ 4, -B(D,-B-2z)
= ¥ :
k, — the coefficient depends on the raw material, k, =1 — for granular materials ;
B — width of the conveyor flight, B=0,3D;;

: n
w — angular velocity of the conveyor, o = 7;—0
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n — conveyor rotation frequency.

By the obtained formula the material volume Q, has been found in m*® which was
transported during one second. To obtain the raw material amountQ transported in an hour one
should carry out some transformations by formula:

Q=3600-Qp 7., )

where y. — the specific weight of the material (raw material) which is transported.
The results of analytical research of the productivity of flexible screw conveyor of the
pipe diameter D; =100 mm depending on the raw material type which is transported (sand,

wheat, manure, animal feed) and the rotation frequency n of the conveyor working body are
shown on figure 2.
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Figure 2. Dependences of productivity of the flexible screw conveyor on frequency of
rotation of a working body and transported raw materials

The characteristics of the transported raw material have been used in the study, table 1.

Table 1

Characteristics of transported raw materials

Sand Wheat Animal feed Manure
7, kg/m3 1280 760 600 1020
y2; 0,7 0,37 0,4 0,2

Power and force characteristics of flexible screw conveyor, axial force F,and torque
M are described by the following dependencies [1]:
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where p —radius of raw material flow, p = Z(1+ 1—¢);
a , —acceptance angle of auger flight, « , = arctg % ;
. . . . H
¥y —screw conveyor inclination angle against horizon, sin y, = f;
H — height of the material lifting;
L —screw conveyor length;
B — inclination angle of the raw material motion trajectory on the screw conveyor

surface,
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Having analyzed the formulae (3) and (4) we have constructed the curves of force
parameters change depending on the raw material lifting height and the rotation frequency of
the working body for the screw conveyor of length L =6m . (fig. 3, 4, 5)

v,. — raw material axial velocity in screw conveyor; v, =
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Figure 3. Diagrams of changes in the force parameters of the flexible screw conveyor for transporting
sand for the lifting height: 1 - H=1m;2-H=2m; 3-H=3m
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Figure 4. Diagrams of changes in the force parameters
of the flexible screw conveyor for transporting
wheat for the lifting height: 1 —H=1m;2-H =2m; 3—H =3m
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Figure 5. Diagrams of changes in the force parameters of
the flexible screw conveyor for transporting
animal feed for the lifting height: 1 - H=1m;2-H=2m;3-H=3m

Flexible screw conveyor (auger) consists of n- number of rigid sections, (fig. 6 a) which
are movable and connected between themselves (fig. 6 b, c).

The raw material transportation is taking place due to the engine rotary
moment. The load transmission (moment) between the neighboring sections is taking
place du to the big rectangular joining elements and plates.
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Figure 6. Elements of the flexible transport mechanism, and — section; b, ¢ — movable connection of sections,
b — horizontal trajectory, ¢ — curved trajectory

The articulated screw conveyor contains pivotally connected screw sections made as
spiral ribs 1, which are fixed on two parallel flat plates 2. On the ends of flat plates 2 the holes
are made 3, where through the stepped antifriction bushings 4 the cylindrical radial fingers are
mounted, the central of which 5 has been made as a solid one. Two fixing fingers 6 are located
to the central finger 5 in perpendicular plane of the square footing 7.

Schematic description of the loads acting on the connecting elements and the strip is
shown on fig. 7.
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Figure 7. Schematic of the loads of the sectional screw mechanism and the distribution of torque along its
length: 1, 2, 3... n — screw sections; i — the i-th connecting element of the mechanism; M,; is the torque
transmitted by the i-th connecting element; F; is the axial force transmitted by the i-th connecting element
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Under transportation by a flexible screw conveyor conditions (fig. 6) the force loading
is accepted by the plates working on deformation of bending and compression, whose
schematization is shown on fig. 8 [6].
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Figure 8. Schematization of the current power loads on the i-th section of the flexible screw mechanism

The joints between the sections are made by Hook’s joint connecting two neighboring
sections by means of two mutually perpendicular fingers. Moment M; and axial force Fz from
i-th to (i-1) of the Hook’s joint are conveyed through the finger and plates.

Power dependencies, axial force and torque, taken by plates, for the specified
transported raw material, the specified rotation frequency of the working body and the height
of lifting are described by rectilinear dependencies, fig. 9.
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Figure 9. Graphs of changes in axial force and torque of sand transportation to a height of H = 1 m, at n=400
rev/min

The length of the section of the flexible conveyor whose design is given on fig.6 equals

to a=120 mm. Thus, the number of sections of the flexible conveyor of the length L = 6000
mm is equal to:

6000
120 P

L
a
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Each separate section conveys a part of the torque and the axial force.

The loading of each section is increasing from the unloading area to the working body
(see fig. 7)

To reduce the metal content of the flexible conveyor under discussion without any
change in its screw section design parameters, namely the screw diameter, the section length,
we will calculate the dependence of the plates thickness on their location relative to the working
body. We determine the boundary parameter b, — thickness of n plate (see fig. 8). Bending
moment in the cross section weakened by the hole of a finger.

Maximum internal force factors acting in the cross section of the plate weakened by the
hole (fig. 7)

where M, .. —maximum bending moment occurring in the plate for the specified transporting

mechanism;
h, | — design parameters of the conveyor section, 1=120 mm, h=34 mm.

Geometrical characteristics of the bar in the dangerous cross section (fig. 10).

Figure 10. The cross section of the plate weakened by the hole, B =25 mm; d = 15 mm

. . N bB® bd?
Cross section axial moment of inertia [7]: I, = ?—Ezlozlb.

. . . |
Cross section axial moment of resistance: Wy = # =817b.

Cross section area: A—Bb-bd—b(B-d)—lOb
M F
zmax max <[ ],

to, = <
» " %n " 8170 " 10b
where o] — acceptable normal stresses, we have assumed, [o]=160N /mm?.

Maximum normal stresses [7]: &, = o
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We are constructing the curve of dependence of plate thickness on their location relative to the
working body (fig. 11)
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Figure 11. Dependence of plate thickness on their location relative to the working body
(Sand, transport height H =1 m)

The obtained dependence has enabled us (fig. 11) to minimize the plates thickness, for
example, for the first ten plates (starting from the unloading area) we have accepted the cross

section b, =2mm, for the further ten plates b, =2,5mm and so on, which have resulted in the

reduction of the screw conveyor working body mass.

Conclusions. The technique under discussion has made possible to calculate the plates
thickness for the specified design of the conveyor in transportation of any kind of raw material
due to the height determination at different rotation frequencies of the working body and has
resulted in the metal consumption reduction of the transporting mechanism.
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OBIPYHTYBAHHS BMEHITEHHSI METAJIOEMHOCTI THYUYKOI'O
IHITHEKOBOI'O TPAHCIIOPTEPA 3A YMOBU JOTPUMAHHSA
HPOAYKTUBHOCTI

Tapac LoBOoym; AnaroJiii {losoymr; Hanis Xomuk; I'anna l{boHb

Teprnoninbcokuu HayioHanrbHUU mexHiuHuu yHigepcumem imeni leana Ilynios,
Tepnoninw, Ykpaina

Pe3ztome. [llnexosi mpancnopmyroui MexaHizmMu NOCIIU 3HAYHe Micye 6 HABAHMAIICYBATbHO-
PO36AHMAIICYBANLHUX MAWUHAX, iX yacmKa ckaadae 40—45%. 3nauny niwgy y ix Homenkiamypi 3aumaomy Hy4Ki
WHEKOBI MEeXaHizmu, AKI Maiomov MOJUCIUBICb 3MIHIOGAMU MPAEKMOPII0O mMa GUCOmMY MPAHCNOPMYGAHHS
mexnon02iunoi cuposunu. Taxi mexanizmu cKIa0aomvcs 3 OKPeMUx HcoOpCmKUX ceKyil, SKi WapHIpHO 3 €OHAHHT
Midie c06010. OOHUM i3 HEOONIKIG MAKUX MEXAHIZMIB € BUCOKA MEMANOEMHICMb. Bpaxogyiouu, ujo HadanmasjicenHs
Ha cekyii 30i1buyiomocs 6i0 30HU GUBAHMAICEHHS 00 PoOOU020 Op2aHy, 0a€E MOICTUBICIb 3MEHWUMU ix
memanoemuicme. Hasedeno meopemuune 00IpYHMY8aHHA GUZHAYEHHA NPOOYKMUSHOCMI MA eHepeemuyHUxX
BENUYUH SHYUKUX UHEKOGUX MPAHCNOPMYIOUUX MEXAHIZMIE 3A1eNHCHO 6I0 MEXHON02IYHOI CUPOBUHY Ma GUCOMU
mpanchnopmysanns. Bemanosneni xapaxmepucmuxu 0aioms 3m02y 00IpyHmMy8amu cuiogi akmopu, axi oilomo
Ha OKpeMmi ceKkyii. YV eHyukomy wHeK08OMYy MEeXAHI3MI BUKOPUCMAHO JCOPCMKI CeKyil, y AKUX nepeoasanis
006epmogo20 MomeHmy 30IUCHIOEMbCA 30 OONOMO2010 NAOCKUX naacmut. Hasedeno pexomenoayii 3a smeHuenHs
MEMANOEMHOCE MEXAHIZMY, He 3MEeHUYIOUU 11020 RPOOYKMUBHOCTI, 3d PAXYHOK ONMUMI3ayii pO3MIpie niacmuH.

Knrouoei cnosa: npooykmuseHicmo, cexyis, MOMEHM, NIACTMUNA, SHYYKUL WHEKOBUL MEXAHIZM.
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