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Summary. Simple construction and reliability of screw cegurs have resulted in their general
application in diferent agricultural machines. Altlgh they are widely used as means of transport
(relocation), there is scarce literature concerm@ingnfluence of the main exploitation parameters
on their efficiency, energy consumption or numbedamages to the relocated grain. In the pre-
sented work an attempt was made at a synthesiershtle theoretical research as well as its
exemplification in agricultural machines.An intdirg part of the paper are results and analysis of
grain relocation using video-computer technologyaaning the mechanism of grain damaging.
The paper ends with conclusions and proposals gwitaiples of exploitation of the above-
mentioned conveyors during grain relocation.
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INTRODUCTION

Due to simple construction and high reliability ssfrew conveyors, they are com-
monly applied in various agricultural machines. piestheir broad application, there is
scarce literature concerning an influence of theain exploitation and construction
factors on the efficiency, energy consumption atainage of relocated grain during the
relocation process.

Considering the above-mentioned fact, this papengits at a synthesis of the ac-
cessible research on these facilities, explainirgy reciprocal relationships among the
mentioned factors and geometrical and kinematiaedimeters of the screw conveyor.

EFFICIENCY OF SCREW CONVEYORS

A range of different research methods have beed tesdetermine the efficiency of
screw conveyors [Romer and Urban 1955, Antoniakd]®8fara 1967, Brusewitz and
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Persson 1969, Janczin 1969, Borisow 1972, GloznmahBaitalski 1978, Klimowski
1978, Smereczgki et al 1978, Dreszer 1981, 1984,].

Apart from technical possibilities of the reseanshor properties of the tested ma-
terials (grain, straw, dough-like masses etc),ttaen aim has always been to find the
relationships between a conveyor’s efficiency amel greatest possible number of fac-
tors (properties) affecting it. Thus, a whole randalifferent research methods and ap-
proaches were created. They resulted in dependeifiemulas) containing in their
construction (contents) a number of either expenmialey or theoretically determined
coefficients limiting the results comparability [femiak 1964, Gedziecki andSwiat-
kiewicz 1975, Dmitrewski 1978].

In practice, it was accepted that the approximdfieiency of screw conveyors
should be determined using the half-empirical fdemu

Q=S n-s-p-y-k 1)
where:
Q — mass efficiency (mass stream), kg*,
_[1(D*-d?) . _— .o
S 7 horizontal projection of screw coil,”m

s— screw coil lift, m,

D — screw coil diameter, m,

d — diameter of screw coil shaft,

k — coefficient considering conveyor’s inclinatiomgge,
n— rotational speed, rias”,

p — slide density of grain kgm?,

Y- coefficient of conveyor’s filling.

A precise determination of mathematical dependsnaimong the factors men-
tioned in formula (1) and the conveyor’s efficien@yrequires a particular theoretical
analysis and experimental tests. Such studies emrducted, among others, by [Romer
and Urban 1955, Brusevitz’ and Peterson 1969, tona®69; Borisov 1972, Teddet
al.1974, Klimowski 1978, Smereciski 1978;].

Fig. 1. An analysis of the work of a screw coil @ocKanafojski [1963], &fara [1967]:

a) speed distribution on a screw coil, b) elemgmtaiume of material relocated in a unit of time,
c¢) development of screw line
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An analysis of work and determination of theordteféiciency of a screw conveyor
were presented by Kanafojski and Smreésky [1978] accepting initially that static
friction 1 of mass elemenhis equal to 0, then the speed vectgmperpendicular to the
surface of screw coil is diverted by angtén relation to the main axle of screw coihs
in (Fig. 1).

Peripheral speed of the considered material powill be equal tov, [tosa

Considering kinetic frictiory4, causing diversion of the vector's, direction by
the friction anglep, we obtain axial componenbf relocation speed equal to:

cosx cosy
=v, - =s=n- 2)

cosp cosp

thus
V=V, -co{a+¢)=s-n-(cosa - usina coxr) 3)

Elementary volume efficienayV, determined as product of moving elementary sur-
facedSand sped (Fig. 1b) will be equal to

dVv =v-ds 4)
knowing that

dS=r -do -dr; sina:L' cosa = r

IC2+r2' lcz+r2
And introducing the above data to equation (4) lkaktain:

r’-u-Cr*

dV =S n:(coSa-usinacosa) r-d@-dr=Sn- T
r

dr-do  (5)

By carrying out the necessary conversions of ttression (5) and taking into
consideration the grain densipySmreczyiski [1978] managed to formulate the final
formula of the mass efficiency of a screw conveyor:

C*+R* ~leor e~ C(R-r)
e ZyC[R r —C -arctg }} (6)

=I1-Sn-p{R*=r?-C?:In
Q p{ C’-Rr
where:

symbols and denotations in expressions (1-6) éSign 1).

From dependency (6) it results that a screw convglficiency is influenced by
friction iz and the lower the coefficiept, is of kinematical friction between grain and
screw coil surface, the higher the efficiency. ishbe remembered, however, that both
the friction between screw coil and grain and thiernal one among grain itself are
impeding (destructive) factors. Nevertheless figtis indispensable for ensuring the
process of relocation between the conveyor andvscod wall.
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This is the hypothesis put forward by Tedder [198d4Yl other authors [Dreszer
1981, Rademacher 1981].

Tedder [1974], assuming mass (grain) distributisinaFig.2), made the efficiency
of vertical screw conveyor dependent on angulanaigl of mass relatively to waly,
and screw coilep; as well as on adhesive friction among grain massw coil and
wall.

Fig. 2. A model of vertical screw conveyor accTarlder [1974]: 1 — wall,
2 — grain mass, 3 — screw coil, the remaining symas in the figure.

The values of the above—mentioned parameters &eendaed by the dependencies
(7+10).

W5y = Wy + @)
dM, =y -Ap, -1, -dS ) (8
>N, =XM, -w, =0 9) (
N=V 9.-S=G S o, (10)

where:
dM; — elementary moment, Nm,
Ap;— pressure on working elements (screw coil and)wglh= N-m?,
g = 9,81 gravitational acceleration, -ra?,
G —weight, N,
M; — friction force moment, Nm,
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N;_ power from momentl;, W = NCim - s,

y= p - g— specific gravity of grain mass, N>,

V- volume stream (volumetric efficiency)2s1,

w»— relative angular velocity of grain in relationvall, rad-s™,

ays— relative angular velocity of grain in relationgorew coil, rads™

a1 — relative angular velocity of grain of screw cailrielation to wall, rad s™.

Making necessary mathematical transformations aubdstdguting real values
Tedder [1974] determined the dependency definiegvtsiumetric efficiency of a verti-
cal screw conveyor:

V= R* -,

*Q.

89

2 .
2 -cosy (1)

Exploitation tests showed that the above—menticdhedretical considerations are
valid for a certain, not very big, interval of afguvelocitiescs < 20, rad- s For
higher angular velocities the results of efficiemajculations are loaded with significant
error [Dreszer 1981].

Borisow [1972] accepting a number of conditions asdumptions as [Kanafojski
1963, Rfara 1967] expressed the efficiency of a screw egav as the function of its
geometrical parameters and the natural slide avfgielocated graird, and the coeffi-
cient of its filling ¢ (Fig. 3).

|
|
~ T | L’L‘_t Ri

P
>t

Fig. 3. An analytical model of a vertical screw geyor acc. to Borisov [1972]:
a) theoretical distribution of material, b) schenfi@ screw coil's uncoil
and distribution of grain relocation velocity
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This researcher, unlike the above—mentioned ornidsat take into account an in-
fluence of friction on the relocation process, axpressed the screw conveyor’s effi-
ciency as:

Q=n-p s-h-cod(a+9) (12)

An original approach to the problem as well as maiysis of the work of a horizon-
tal screw conveyor was presented by [Perseinal. 1969]. The authors assumed that
grain mass behaves as a liquid whose flow (relopatmotion) results from forces
caused by pressure, mass and inertia of grain. Mineiscosity also plays an important
part here. According to the Navier-Stokes equatibe value of the force resulting from
an influence of dynamic viscosity is equal to:

F=3-N-p-dz.v 13}
where:
dz— mean grain relocation, m,
n — coefficient of dynamic viscosityPa-s= N-m? ;s
F — force, N.

Using a digital computer, by solving a number ofnpdicated motion equations,
Personset al. [1969] formulated a dependency describing the nsétgmam (mass effi-
ciency) for a horizontal screw conveyor:

Q:I'I-Ap-(R“—r“)S-n-I—nAp'(R -r’)-R*1-A-R-r" -/1-r+

a1 (1-Ar-1-1-R) (14)
M-Ap-(R*-r*)* N-Ap(R-r*)(r*1-1-R-R* | -/I-r)+w31-Ap-(rk2—r2)
87 1(1-A-r-1-A-R 4n4(1-Ar-1-2-R 4

where:
A — coefficient of dynamic viscosity, s,
ry— limiting radius of grain’s self-sliding, m,
| — length of conveyor (relocation path), m.

By analysing the above—mentioned considerationis, fiiosible to declare that the
efficiency of screw conveyors, apart from the pasters accounted for in the dependen-
cies (1+14), is also influenced by a conveyor’'diiraion angle, the ratio of a screw
coil's diameter to its stroke, clearance betwesmiall and coil as well as the properties
of relocated grain. It is difficult, or even impdse, to express all the above—considered
factors in an analytical form. Such attempts wesdenby [Personst al. 1969, Rade-
macher 1981], and they resulted in unservicealnmpticated dependencies, rendering
calculations loaded with significant error.
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MECHANICAL DAMAGE OF GRAIN OCCURRING DURING THE PROESS
OF RELOCATION WITH SCREW CONVEYORS

Application of basically simple and reliable scre@mnveyors gives rise to consider-
able doubt in case of materials which should naddr@aged or broken-up during reloca-
tion. Quasi-static and dynamic loads helping imcation cause both micro- and macro-
damages in grain, lowering its biological and tradkie.

The main causes of the above-mentioned damagesgdgirain relocation with the
considered conveyors are:

— cutting of grains by wall and screw coil edgeghia inlet hole,

— grain damage caused by internal and externaldricfivith working elements,

— destruction of grains by their crushing betweendtiges of a screw coil and the

conveyor’s wall.

Apart from the way of a conveyor’s supply (paralleibmersion), there is an ad-
verse pattern of geometrical edge of a conveyodh and coil in the inlet hole leading
to the working passage (Fig. 4)

Fig. 4. Scheme of work of a screw coll at the itdethe working passage acc. to Rademacher
[1981]: a) the commonly used pattern, b) patterth an insert eliminating cuting forces,
1 — screw coil, 2 — wall edge, 3 — grain, 4 — ihser

Such a location of the working elements edges duhe work of a screw conveyor
acts like scissors (Fig. 4a) damaging the grairis Haverse pattern of edges can be
prevented by an attachement to a screw coil ofopeaty adjusted insert (4, Fig. 4b),
(/7+a)

which will replace the angleg by two obtuse oneg'=a'' = 5
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Another very important factor affecting the numlmérdamages in the relocated
grain is the clearance between wall (2) and sc@iV€ig. 5)
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N

Fig. 5. Grain location in the space between screihand the wall of screw conveyor: 1 — screw
coil, 2 — wall of conveyor, 3 — grain

According to Rademacher the optimum clearance Is&teen wall (2) and screw
coil (1) can be determined from the dependency:

_ N 20

L
Az (1- g W1+ £

(15)
where:

e=2 and 4= < ,
b dz

a —the longer ellipsoid axis, m,

b — the shorter ellipsoid axis, m,

&—radius of the screw coil edge’s rounding, m.

From the practical point of view, using the depenye(15) at the stages of design
and construction of screw conveyors for grain ratmn seems rather unlikely. These
doubts are well justified both economically anchtemogically.

Apart from special facilities, in which it is nesasy to apply precisely constructed,
well-cooperating working elements, screw conveyoragricultural machines and facili-
ties (e.g. cereal combines) are meant for relocaifovarious kinds of grain with differ-
ent mechanical properties and varied geometricapshOwn studies showed that the
clearance value depends on the external diametarsofew conveyor and stays in the
range 5+10%. While choosing the clearance the viotig should be rememberethe
greater the diameter of a screw coil, the smaller should be the admissible clearance.
The fulfilment of the above condition is a guarantbat grain relocation will occur
mainly as a result of internal friction, which wikduce stresses in the mass and will

allow to keep the number of mechanical damagekeftain at the minimum level
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ENERGY CONSUMPTION DURING RELOCATION WITH SCREW CONEYORS

Power intake needed to perform useful work and anr@e movement resistances
depends on: efficiency, construction parametergsiphl-mechanical properties of the
material etc.

Taking into consideration the above-mentioned facfianafojskiet al 1963, An-
toniak 1964, Ggdziecki andSwiatkiewicz 1975, Dmitrewski 1978] presented the de-
pendency to determine input of power to a screweyor in the following shape:

N=Q,-g-(I-O0+H) (16)
where:
Q - efficiency of carrier, kg s,
g — gravitational acceleration, ns?,
| —length of carrier, m,
H — height of material serving, m,

[ — resistances coefficient dependent on the kindaierial.

Analysing distribution of forces and geometry ofese coil in a vertical screw con-
veyor it is posible to state taht the most favolgablocation conditions take place when
the angle between the resultant reactita and the axlez is 180, then
cos(Fg, z)=-1 (Fig. 6).

In practice the value cd§g, z)is always different than -1 , so the constuct@sch
to reduce this diference to an unavoidable minimiihis can be done by correct shap-
ing of a screw coil (the generating line of thel eoperpendicularly to the axle z; possi-
bly small C — cf Fig. 1; significant values of tharameter generating the screw surface).

(s,

Fig. 6. Distribution of forces in a vertical screanveyor
acc. to Virling and Sinha [1960], Dmitrewski [1978]
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Apart from the above-mentioned theoretical consitiens, the problem of energy
consumption by screw conveyors is the subject ofmemous experimental works
[Virling and Sinha 1960, Brusewitz and Persson 1968dder 1974, Dreszer 1981,
Rademacher 1981].

Beside the aspect verifying the particular theoettconcepts, the research proves
that energy consumption during relocation with scmnveyors is also influenced by
such parameters as: ratio of diameter to screwliftpitlearance, inclination angle of the
conveyor as well as the properties of the relocapedn, especially its moisture and
friction coeficients. Changeability ranges of thmae-mentioned parameters, favourably
influencing the energy consumption during relocatayre mentioned in the reference
works.

CONCLUSION

The performed analysis of studies as well as thkoas’ own research allowed to
determine the main factors and parameters influentlie efficiency, energy consump-
tion and quality of grain transport — expressetmymber of damages to it. Considering
the fact that screw conveyors for a long time hseeved as one of the main means of
internal grain transport it seems expedient toycam the research aiming at an im-
provement of their construction. In view of the esibility of modern production mate-
rials and technologies, the proposed modernizaifahese facilities can bring substan-
tial benefits such as design of a modern convekliaracterized by high efficiency, low
energy consumption and small number of damagédeeteetocated grain.

REFERENCES

Antoniak J. 1964: Obliczenia przemikow stosowanych w gérnictwie. WySlask, Katowice.

Borisow A.M. 1972: Issledowanija wertikalnych sznekgh transporterow. Trakt. i Siecchoz-
masz., 9, 25-27.

Brusewitz G.H., Persson S.P.E. 1969: Parametricystiidfactors influencing screw-conveyor
throughput and power requirement. Trans. ASAE 1151-54, 59.

Dmitrewski J. 1978: Teoria i konstrukcja maszymictych. T. 3. PWRIL, Warszawa.

Dreszer K. 1981: Badania przénkow ziarna w kombajnach zbowych. (Praca doktorska
WTR-AR), Lublin.

Dreszer K., Gieroba J. 1984. Proces przemieszcziaina w przenmikach srubowych i zabie-
rakowych. Problemy Agrofizyki 43, PAN, Ossolineuvdroctaw.

Fafara R. 1967: Analiza pracy przemikéw slimakowych transportagych materiaty todygowe.
Zesz. Probl. Post. Nauk Rol., 69, 121-162.

Gtozman W.M., Baitalski A.R., Kogan-Wotman G. 1979ermieszczenie zierna spiralnymi
konwierami. Mech. Elektr. Soc. Sielsk. Choz. 1, Z0-2

Gozdziecki M., Swiatkiewicz H.: 1975. Przertaiki. WNT, Warszawa.

Ignatow W.M. 1969. O rabotie szniekowogo rozgruangod stojom massy. Trakt. i Sielchoz-
masz. 4, 25-26.

Janczin S.K. 1969: O wlijani wieliczyny szaga choritalnogo sznieka na proizwoditelnost.
Trakt. i Sielchozmasz. 4, 34-35.

Kanafojski Cz. 1963: Naezizia i maszyny rolnicze. T. Il. PWRIL, Warszawa.



96 Kazimierz Dreszer, Tadeusz Pawtowski, Pawet Zagajsk

Klimowski Z. 1978: Uproszczona metoda obliczaniadajpcci pionowych przenmikow slima-
kowych. Czas. Tech., 6, 33-37.

Persson J.0O., Schwaisow W.F., Burkhardt G.J. 1968d-flow analogy applied to auger convey-
ance of grain. Trans. ASAE, 12, 5, 616-620.

Rademacher F.J.C. 1981: On possible flow back iniceérscrew conveyors for cohesionless
granuelar materials. J. Agricult. Eng. Res., 26 -288.

Roémer G., Urban W. 1955: Die Férderung von Halmgutcd Férderschnecken. Landtechnik
Forsch., 2, 48-52.

Smereczyski R. 1978: Teoria przemieszczania przsiiami slimakowymi itp. warunkéw.
Mater. Kraj. Sympozjum ,Kierunki rozwoju maszyn dbioru zbé i stomy”, Wyd. War-
szawa, 103-110.

Tedder W. 1974: Neue Erkenntnisse zur Feststoffi€iting in senkrechten Schneckenfordern.
Forden und Heben, 12, 1147-1150.

Virling A., Sinha G.L. 1960: Untersuchung zum F&rdegang beim senkrechten Schnecken-
férderer. Fordern und Heben, 8, 8-11.



