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Summary. The article defines regularities of the change of the angle parameter of the cargo for the case
of slow-moving transport and steady motion for horizontal and hollow inclined conveyors with a rotating casing.
This allows you to select the rotational speed of the casing in accordance with the conditions of transportation
and the characteristics of the bulk cargo, ensuring its zero or minimum angular lift with a corresponding increase
in the transport efficiency. It is established that the smaller the angular parameter of the cargo, the greater the
efficiency of transportation.
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Symbolic notations:
6 — angular parameter of the material, rad;
w1 — angular speed of the screw, rad / s;
2 —angular speed of casing rotation, rad / s;
T — screw turn pitch, m;
D — external diameter of the screw, m;
Do — internal diameter of the casing, m;
t — time, C;
U; — linear independent parameter of the screw surface and cylindrical surface of the casing, m;

vi —angular independent parameter of the screw surface and cylindrical surface of the casing respectively, rad;

c =T /(2x) - parameter of the turn pitch of the screw surface, m;

N,. N, and F,, F, — respectively, the forces of normal reaction of the screw spiral and casing and frictional
forces from their action, F, = f,N,, F, = f,N,, H;

A5, Qg and &,; — guiding vectors cosines I\Ti and lfI , to the orthos of the coordinate system;

a - absolute acceleration of the allocated material volume, m / s2;
G=G(g,.9 ;1 92) vector of the gravity force of, N;

f, and f, — coefficients of sliding friction of the allocated material volume over the screw and casing the surfaces,

respectively;

£ — inclination angle of the screw motion trajectory of the allocated material volume along the rotating casing (the
angle between the vectors of the portable and absolute velocities), rad.;

g — absolute value of the gravity acceleration, m / s?;

y, =arctg{ f,[sin B, tg(a + @) — cosP,]} — the inclination angle of the screw motion trajectory the allocated

material volume along the rotating casing (the angle between the vectors of the portable and absolute velocities),
rad.

Statement of the problem. Screw conveyors are widely used in agricultural production
as conveyors, mixers, dispensers, separators, etc. In order to increase their productivity,
transport and technological processes often require significant unreasonable energy costs that
do not provide the process efficiency. Therefore, in order to obtain high performance of
transport and technological processes with screw conveyors, it is possible to create their
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modernized designs with transporting casings. In such structures there is a shift of the
transporting material, which provides the necessary friction of the screw with the material and
the casing making it possible to increase the productivity of transport operations.

Analysis of the available investigations and publications. The problems of theoretical
substantiation of the process of screw conveyors operation, methods of their parameters
calculation, and the development of progressive structures are concerned in papers by
A.M. Grigorieva [2], B.M. Gevka [1], V.S. Loveikina [3], Chris Rorres [4] and others.
Particular attention is paid by the authors to the problem of choosing the operating elements
parameters and studying the cargo transportation processes. However, the problem of
increasing the productivity by improving the transportation process always remains important
one and requires further research.

The objective of the paper is to construct and analyze the model of cargo movement
by the surfaces of the screw conveyor with rotating casing in the cylindrical coordinate system.

Implementation of the investigation. In order to increase the productivity of cargo
transportation by screw conveyors, the problem of finding their progressive structures [5] is of
great importance. Such mechanisms include screw conveyors with rotary casings. On the basis
of the carried out patent search, analysis of scientific literary sources and their synthesis [5], we
developed and patented a number of screw conveyors designs with rotating casings, on the basis
of which the experimental installation was designed and manufactured. The general form of it
is presented in Figure 1. The screw operating element and the casing (the screw operating
element is an electric motor with 2.2 kW capacity; the casing is an electric motor with 1.5 kW
capacity) were driven by separate electric motor. Due to this installation a number of
experimental investigations [6] were carried out, their results proved that the increase of the
casing rotational speed results in the screw conveyor productivity growth by 18 —25%
compared to its operation with the fixed casing. It was also determined [7] that the use of the
screw conveyor with the rotating casing (in which the screw rotates with 700 rev./min. speed)
with the operator involved is reasonable with the casing rotational speed of 624 rev./mim, and
without it with the rotational speed of 468 rev./min. (the energy saving effect is 10.9%). The
casing rotation in the screw conveyor enables with certain structural and technological
parameters to obtain significant economic effect and sufficiently increase the efficiency of
transport operations without excessive electricity consumption. The overall economic effect
while using the optimal parameters of the screw conveyor with the rotating casing will be more
than 10%. Also, the positive point is that due to the material perturbation from the casing
rotation, the power consumption for the screw rotation is significantly reduced.

In order to analyze the cargo movement by the screw conveyor surfaces with the rotating
casing, let us consider the straight screw conveyor with the screw (fig. 2). During the operation
of the screw conveyor with the rotating casing, the coordinates of the bulk material location and
its motion character are determined by the angular material parameter 6 [8, 9].
Let us choose the screw with the left-hand winding where in the cylindrical coordinate
system Opéz, its movement is in positive direction 6 results in the cargo displacement in the
direction of Oz axis, and its initial location 6 = 0 will be in the lowest part.

The screwsurface equation (left-hand winding) in the polar coordinate system is as
follows:

p,=Uy 0, =V; 2, =-Tv, /(2n) = —cv,. 1)
Equation of the casing cylindrical surface is:

p,=D,/2=R;0,=V,; 2, =U,. (2)
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Figure 1. General view of the experimental installation: 1 — support for adjusting the cargo height;
2 — frame; 3 — rotating casing with screw inside; 4 — bunker; 5 — discharge nozzle; 6 — drive screw;
7 — drive casing; 8 — control point for the rotational speed of the casing and screw drives

Figure 2. Calculation scheme of the motion of the allocated material volume in the hollow inclined
screw conveyor: 1 — drive shaft; 2 — screw; 3 — the allocated material volume; 4 — rotating casing;
5 — the material motion trajectory during the cargo movement

Differential equations of the material particle motion are derived respectively in [8]. In
order to simplify further calculations with respect to the flow of motion, let us consider the
derivation of the equations of motion of the material part in the cylindrical coordinate
system Opékz. Let us consider the allocated material volume 4, moving by the casing and screw
surfaces while the latter is rotating. To ensure the connections of the allocated material volume
with each surface, we assume that D = D, = 2R.
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Using the D'Alamber principle the motion equation for the allocated material volume is
as follows:

N,+F+N,+F,+G -ma=0, 3)
In the case of slow-speed transportation for stable motion, the cargo angle parameter is
6 =0, — const. Relatively d@/dt=0, d?6/dt> =0. Then the vector of the cargo

absolute speed is directed parallel to the axis Oz and relatively to the fixed casing is determined
by the angle 3, =7/2. The relative cargo speed respectively to the rotating casing will be

V, =V —V,. Relatively v, :\/(c(ol)2 + (Rw,)? , and its direction respectively to the
rotating casing surface will be determined by the angle 3, = arctg(co, / Rm,).
The vectors of each resultant surface reactions in the polar coordinate system will be

Ri=N; + F ={o,Nisag Nisa, N}
In the case of the distribution on the coordinate axes of the cylindrical coordinate
system, the equation (3) is as follows:

ocplN1 +ocp2N2 +Gp =0;
ag Ny + 09N, + Gy =0; (4)
o, N, +o,,N, +G, =0.

Vectors N_land N_2 are directed perpendicular to the screw and casing surfaces,

respectively, and vectors I?1 and I?2 are located in planes tangent to the screw and casing

surfaces, respectively, at the point of contact with the allocated material volume and are directed
opposite to the vectors of the relative velocity of the allocated material volume relatively to
each of the surfaces.

Consequently, the coefficients of the connecting vectors of the allocated material
volume with the corresponding surface are:

a, ={ocp1;ocel;azl} ={0;sina + f,cosa;coso — f sina,}; 5
Ay :{a’pZ;a‘GZ;aZZ}:{_l;_fZ cosPy;—f,sinBo

For the conveyor, inclined towards the horizon at an angle y, are respectively:
g, = gsin@cosy; g, =—gcosbcosy; g, =—gsiny.

—N, + gcosbcosy=0;
(sina+ f cosa)N; — f,cosP, - N, —gsinBcosy=0; (6)
(cosa — f;sina)N, — f,sinf, - N, —gsiny=0.

Excepting N,, N, from the system (6), analogous to [8], we derive the motion equation
of the allocated material volume in polar coordinates.
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f,cosB, cosbcosy +sinBcosy  f,sinB,cosBcosy —siny 0
sina + f; cosa cosa — f;sina

(7)

For horizontal conveyor:

tg6 = f,[sinf, tg(a + ¢;) - COSBO];
_ f,[co, tg(a + ¢,) — R(DZ]. (8)

tgo
\/Cz(nl2 + Rzmg

The condition for the cargo transportation with zero angle lift (at 6 = 0) the location
for the horizontal conveyor will be realized while providing the angular casing velocity:

o, = (C/R)tg(a + ¢;) = o, tgatg(a + @) ©)

Cargo transportation with zero angular lift (at © = 0) location for the hollow inclined
conveyor v = 0 will be provided at the angular casing velocity in case when:

sin® — f,[sinB, tg(a + ¢,) — cosP,]cosO =tgytg(a + @,), (10)
hence:
2 B 2
sin(6 —y) =tgytg(a + (pl)\/l+ fa [ew, tzg((zx - (pé) > Ro, ] : (12)
c'o; + R w;
From equation (11) we derive:
0 = arctg f,[co, tg(a + ;) — Roo, ]
\/Czwf + Rzmg
(12)

f./[co tg(a + ¢,) — Ro, T

2 2 2 2
c’o, + R°w;

+arcsin4 tgytg(o + (pl)\/1+

On the basis of equation (12), it is possible to select the casing rotational speed in
accordance with the conditions of transportation and the characteristics of the bulk cargo
providing its zero or minimum angular lifting with the corresponding increase of transport
efficiency.

According to the investigation results the graphic dependences of the cargo angle lift on
the screw rotating speed at different casing velocities are constructed (Fig. 3).
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Figure 3. Graphic dependencies of the cargo angle lift on the screw rotating speed f;=0,7; y=15
degrees: 1 — 0,=10 rad/s; 2 — m,=15 rad/s; 3 — ®,=20 rad/s

Conclusion. Based on the analysis of the model of the bulk cargo movement by the

screw conveyor surfaces with rotating casing in the cylindrical coordinate system, conditions
for the cargo transportation with its zero angle lift for horizontal and hollow inclined screw
conveyors, resulting in the transportation efficiency increase are determined.

References

1.
2.
3.

Gevko B.M., Rogatinsky R.M.. Mechanisms with screw devices. Lviv, World, 1993. 208 p. [In Ukrainian].
Grigorev A.M. Screw Conveyors. Moscow, Mechanical Engineering, 1972. 184 p. [In Russian].

Lojekin V.S., Rogatinskaya O.R. Choice of rational parameters and modes of operation of vertical screw
conveyors. Collection of scientific works of Vinnitsa State Agrarian University, 2005, no. 23,
pp. 181 — 195 [In Ukrainian].

Chris Rorres. The turn of the screw: Optimal design of an Archimedes screw. Jornal of Hydrauling, January
2000. pp. 72 — 80. https://doi.org/10.1061/(ASCE)0733-9429(2000)126:1(72)

Rogatinsky R.M., Hevko I.B., Dyachun A.E., Varian A.R., Melnichuk A.L., Shust .M. Generation of
structures of screw mechanisms by morphological analysis with hierarchical grouping. Collection of
scientific works «Perspective Technologies and Devices», 2017, no. 10, pp. 186 — 192. [In Ukrainian].
Rogatinsky R.M., Hevko Yv.B., Dyachun A.E., Melnichuk A.L., Varian A.R. Research of the performance
of a screw conveyor with a rotating casing. Bulletin of the Kharkiv National Technical University of
Agriculture named after Petr Vasilenko. «Technical systems and technologies of animal husbandry.
Technical service of machines for plant growing», 2017, no. 181, pp. 285 —293.
[In Ukrainian].

Hevko Yv.B., Diachun A.E., Melnichuk A.L., Zolotyy R.Z., Shust I.M. Feasibility study of increase of
productivity of transport-technological processes with the help of screw conveyors with rotary casing.
Bulletin of the Kharkiv National Technical University of Agriculture named after Petr Vasilenko.
Mechanization of agricultural production, 2018, no. 190., pp. 318 — 326. [In Ukrainian].

Gevko B.M., Rogatynsky R.M. Screw Feeding Mechanisms of Agricultural Machines. Lviv, Higher school,
1989. 176 p. [In Ukrainian].

Rogatinsky R.M., Hevko 1.B., Dyachun A.E. Scientific and applied foundations of creation of screw
transport and technological mechanisms. Ternopil, 2014. 280 p. [In Ukrainian].

ISSN 2522-4433. Bichux THTY, Ne 4 (92), 2018 https://doi.org/10.33108/visnyk_tntu2018.04 ............cccoevevevcvece e 39


https://doi.org/10.33108/visnyk_tntu2018.04
https://doi.org/10.1061/(ASCE)0733-9429(2000)126:1(72)

The cargo movement model by the screw conveyor surfaces with the rotating casing

CnucoK BUKOPHCTAHOI JiTepaTypu

1. T'eBko, 5.M. Mexani3mu 3 rBuaToBIMH TpucTposivu [Tekcr] / .M. I'eeko, P.M. Poraruncekuii. — JIbBiB:
Csir, 1993. - 208 c.

2. Tpuropes, A.M. Bunrossie konBetiepsl [Tekct] / A.M. I'puropes. — M.: Mammunoctpoenne, 1972. —
184 c.

3. Jloseiikin, B.C. Bubip pauioHaJpHUX NapaMeTpiB Ta peXHUMIB pOOOTH BEPTUKAILHHX T'BUHTOBHX
kouBeepiB [Tekcr] / B.C. Jloseiikin, O.P. PoratuHcbka // 306ipHMK HayKOBHX Impaub BiHHHMIIBKOTO
ZepxkaBHOTO arpapHoro yHiBepcureTy. — 2005. — Bum. 23. — C. 181 — 195.

4. Chris Rorres. The turn of the screw: optimal design of an Archimedes screw/ Jornal of hydrauling / January
2000. — Pp. 72 — 80. Pexxum nocrtyma: https://doi.org/10.1061/(ASCE)0733-9429(2000)126:1(72)

5. TenepyBaHHS KOHCTPYKII T'BUHTOBHX MEXaHI3MIiB METOJOM MOP(]OIOTIYHOTO aHANi3y 3 i€papXidHUM
rpymyBaHEsiM P.M. Poraturcekuii, I.B. T'eBko, A.€. sayH, A.P. Bap’sn, A.JI. Mensanuyk, [.M. lyct //
36ipHuk HaykoBux mnpanpb «llepcriexkTuBHI TexHosorii Ta mpwraam». — Bumyck 10, — Jlynpk,
2017.—C. 186 — 192.

6. JocmimkeHHS TPOAYKTHBHOCTI TBHHTOBOTO KOHBeepa 3 obeproBmM koxyxoMm [Tekcr] /
P.M. Poratuncekuii, IB.B. I'eBko, A.€. [IsauyH, A.Jl. Menpauuyk, A.P. Bap’su // Bicuuk XapkiBchbKoro
HAIIOHAJILHOTO TEXHIYHOT'O YHIBEPCHUTETY CIJIbCHKOTO rocroaapcTsa imeni Ilerpa Bacunenka. «Texuiuni
CHUCTEMH 1 TEXHOJNOTii TBapWHHHUITBA. TeXHIUHWI cepBiC MammH Ui pocnuHHHOTBa» — 2017. —
Bunyck 181. — C. 285 — 293.

7. TexHIKO-eKOHOMiYHE OOIPYHTYBAaHHsS IMiABHIIEHHS MNPOJYKTHBHOCTI TPAaHCIOPTHO-TEXHOJOTTYHUX
MPOIIECiB 32 JONMOMOTOIK TBHHTOBHX KOHBeepiB 3 obOeproBumm koxyxamu [Texcr] / IB.b. I'eBko,
A.€. saayn, A.JL. Mempamayk, P.3.3omormit, [.M. lllycr // BicHuk XapkiBChKOTO HAITiOHAIEHOTO
TEXHIYHOTO YHIBEPCUTETY CIIbChKOro rocmojaapctBa imeni Iletpa Bacwienka. MexaHizaiis
CUIBCBKOTOCIIONapChKOro BUpoOHHUITBa. — XapkiB, 2018. — Bumn. 190. — C. 318 — 326.

8. T'eBko, b.M. BuHTOBBIC MOJaroKe MEXaHU3MBI CEIbCKOX03sHCTBeHHBIX MamuH [Tekct] / B.M. I'eBko,
P.M. Porateinckuii. — JIbBoB : Brima mxomna, 1989. — 176 c.

9. Poraruncekuii, P.M. HaykoBo-npukiaHi OCHOBH CTBOPEHHS T'BUHTOBHMX TPaHCIOPTHO-TEXHOJOTTYHHX
MmexaHi3MiB [Tekct] / P.M. Poratuncekwit, I.b. I'eBko, A.€. dsayn. — Tepromnins, 2014. — 280 c.

YK 621.867.42

MOJEJIb PYXY BAHTA’KY HOBEPXHAMMU 'BUHTOBOI'O
KOHBE€PA 3 OBEPTOBUM KOXYXOM

Poman Poraruncekuii; IBan I'eBko; Anapii AsiuyH;
Ousena Poratuncbka; Auapiii MejabHUYYK

Teproninbcokutl HayioHaIbHUL MeXHIYHUU YHIgepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Pesrome. Busnaueno 3aK0HOMIpHOCII 3MIHU KYMOBO20 NAPAMEMPY 6AHMAXCY OJid 8UNAOKY MUXOXIOHO20
MPAHCHOPMYBAHHSL Ul YCMALEHO20 PYXY 015l 20PUSOHMATLHO20 MA NOJI020 HAXUIEHO20 KOHBEEPIE 3 00epmogum
KOJICYXOM, W0 00360JI€ NiOOUpamu 4acmomy 0O0epmAaHHs KOAHCyXa 8i0N0GIOHO 00 YMO8 MPAHCNOPMYSAHHS Md
Xapaxkmepucmux CUNKO20 8aHMAxcy i3 3abe3neyeHHAM 1020 HyIb08020 A00 MIHIMATLHO2O KYMOBO2O NiOUOMY 3
BIONOGIOHUM  30LIbUWIEHHAM — NPOOYKMUGHOCMI — mpancnopmyseanus. IIpedcmaesneno  3aeanvuutli  6uensod
EKCnepUMEHMANbHOT YCMAHOBKY, 6A3068UM eNIeMEHMOM 5KOI € 26UHMOBUL KOHBEED 3 00EPMOBUM KOJICYXOM, U0
CNPOEeKMO8anUll Ha OCHO8I NAMEHINHO20 NOULYKY, MEOPH020 NiOX00Y, NPO6edeH020 CUHme3y Mmda AHANI3Y PAOY
3anamenmosanux —KoHcmpykyit. Y pesyiomami 6a2amo@axmoprux —eKcnepuMeHmanbHux —O0CaiOHCe b
6CMAHOBNIEHO PAYIOHANbHI PoOOUT napamempu 3anponoOHOBAHO20 26UHMOB020 KOHEEEPA, sKI 3abe3neuyoms
nioguenHss NPoOYKMUGHOCMI ma eeKmusHOCmi MpaHCHOPMYBAHHS CUNKUX Mamepianie NopieHAHO 3i
3aCTNOCY8AHHAM 36UYALIHO20 26UHMOBO20 KOHBEEPA, NpuU OOHAKOBUX Oiamempax Koxcyxis. Bcmarnoeneno
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3a2anbHUll eKOHOMIUHUL eheKm npu BUKOPUCIANHI PAYIOHATbHUX Napamempie pobomu 26UHNOB020 KOHEeEpd 3
006epmogum  KONHCYXOM. sl meopemuuno2o ananizy npoyecy MmMpancnOpmy8aHHs CUNKO20 —GAHMAIICY
3anPONOHOBAHUM 2BUHMOBUM KOHBEEPOM PO3POONEHO BIONOGIOHY pPO3PAXYHKOBY CXeMY i3 HPULHAMUMU
cnpowjennamu ma oonywjenuamu. Ilpu yvomy 0ns cnpowenHs mMamemMamuyHux nepemeoperHv npu euseoeHHi
DIBHAHbL PYXY CUNKO20 8AHMANCY 30IUCHEHO nepexio 8i0 0eKapmogoi cucmemu KOOPOUHAM 00 YUTNIHOPUYHOL.
Bcmanosneno, wo nio wac pobomu 26uHmMo6020 KoHEecpa 3 00EPMOBUM KOICYXOM KOOPOUHAMU PO3MIUEHHS
CUNK020 Mamepiany ma 1020 Xapakmep pyxXy GUIHAYAEMbCs Kymoeum napamempom. Ha ocnoei npunyuny
J’Anambepa eueedeno pigHsaHHs pYXy UOLIEHO20 00 €My mamepiany 6 yuriHOpuuHit cucmemi koopounam. Ilpu
YboMy y GUNAOKY MUXOXIOHO20 MPAHCNOPMYBAHHS OISl YCMANEHO20 DPYXY KYMOGUU Napamemp GaHmadicy
NPULIHAMO HOCMIUHOIO 6EIUYUHOIO, a4 U020 KYmOo8a WGUOKICMb MA NPUCKOPEHHSA OOPIGHIOIOMb  HYIIO.
Bcemanoeneno ymosu 3abesnevenns mpancnopmyeans 6aHmaxicy 3 Hy1b0UM KymoSum niouomMom po3miujenHs
011 20PU3OHMATILHO20 MA NOJI020 HAXULEHO20 28UHMOBUX KOHBEEPIB. 3a pe3yibmamamu 00CHioHceHb n00y008aHO
epagiuni 3anexcHocmi 3MIHU KYmo8o2o RIOUOMY 8aHmaxicy 6i0 weUuOKocmi 0OepmaHHs wiHeKa Npu pisHux
weuoKocmax obepmanha Koxcyxa. Yum meHwull Kymoeuil napamemp 6aHmagicy, mum 0inbuia npoOyKmueHicms
MPAHCNOPMYBAHHA, OCKINbKU Mamepian 6y0e nepemiuysamucs Oinviue 8 0Cb08OMY HANPAMKY NPU MIHIMATTLHOMY
KOJIOBOMY HANPAMKY 3 hepeKuOauuam. Tomy ompumani piGHAHHA MOHCHA UKOPUCIOBYBATU OISl 3HAXOOICEHHS
PAayioHANbHUX KOHCMPYKMUGHUX | MEXHOI02IYHUX NApamempieé KOHEeepa, 3a0asuiy Kymoeuti napamemp, AKui
00PIBHIOE HYTIO.
Kniouoei cnosa: 26unmoguii KOHBEEp, WHEK, KOJICYX, Yacmoma 00epmants, npooyKmueHicme.
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