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DETERMINATION OF THE KINETIC ENERGY OF THE SCREW
CONVEYOR SCREW HELIX RIBBON

BU3HAYEHHSA KIHETUYHOI EHEPTTi CTPIUKH CITIPAJII ITHEKY
I'BUHTOBOI'O KOHBE€EPY

The article considers the problem of reducing the energy consumption of screw conveyors by
specifying the dynamic characteristics of the working body. The feasibility of taking into account the
own mass of the screw spiral belt as a component of an energy-intensive system is substantiated. An
approach to determining dynamic loads on the belt supports is proposed, taking into account the
fractional composition of the transported cargo and introducing the given dynamic coefficients. Based
on the Lagrange equations of the second kind, analytical expressions for the components of the kinetic
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energy of the system “screw shaft - spiral belt” are obtained. Formulas for calculating the kinetic
energy of the spiral belt and its supports are determined, which can be used in the design and
optimization of screw conveyor structures.

Keywords: auger spiral ribbon, energy consumption, transportation, screw conveyor.

AxmyaneHicmb 00CNIONCEHHs 3YMOBIEHA 3POCMAHHAM BUMO2 00 eHep2oeheKmMUeHOCmi ma
MamepianoeEMHOCI 28UHMOBUX KOHBEEDPIB, AKI WUPOKO 3ACMOCOBYIOMbCA Y CLIbCbKO2OCHOOAPCHKOMY
ma npomucnogomy eupooHuymei. OOnum i3 KIOYOBUX YUHHUKIE, W0 BNIUBAIOMb HA eHEePeOEMHICHb
npoyecy mpaHCnopmy8aHHs, € 81ACHA Macd poboyuo20 opeaHy — CMPIUKU CRIpali WHEKY, d MaKox#C
OUHAMIYHI HABAHMAICEHHS, WO BUHUKAIOMb NI0 4ac ii 83aemo0lii 3 MPAHCHOPMOBAHUM BAHMANCEM.
Icnyroui nayrkosi nioxoou 30e0inbuloco 30cepeddiceHi Ha 6NAUGE WBUOKOCMI MPAHCNOPMYBAHHSI MA
61ACMUBOCIEN 8AHMAICY, MOOI AK KOHCMPYKMUBHI 0COOAUBOCMI CMPIUKU CRIpALi Ma IXHIll 6HECOK
KiHemuuHy eHepeito cucmemu 3aiUamscsa HeOOCMAmHub0 00CTIOHCEHUMU.

Memoto pobomu € ananimuune GU3HAYEHHS KIHEMUYHOL eHepeil CmpiuKu Cnipati WHeK) 26UH-
M0OB020 KOHBEEPA 3 YPAXYBAHHAM OUHAMIYHUX HABAHMANCEHD | PPAKYIUHO20 CKIAOY MPAHCHOPMOBAHO-
20 ganmasicy. /[na 0ocsaeHeHHss nocmasiieHoi memuy 8 poOomi 8UpiuleHo MaKi 3a0ayi. 8USHAYEHO CKIA008]
KiHemuyHoi eHepeii cucmemu WHEKOB020 KOHBEEPA, 3aNPONOHOBAHO NPeOCABNIeHHA OUHAMIYHUX HABA-
HIMANCEHDb Hepe3 NO2OHHI MACU 8AHMAJICY MA CMPIYKU 3 GUKOPUCTAHHIM KOeIyieHmie OUHAMIYMHOCTI,
OMPUMAHO AHATIMUYHI 8UPA3U 015 PO3PAXYHKY HABAHMANCEHb HA ONOPU CMPIYKU CHIpAN] WHEKY O/
OOHOPIOHUX | HEOOHOPIOHUX 8AHMANCONOMOKIB, CHOPMOBAHO anpoKCUMYIOUL (yHKYII nepemiuyeHdb eje-
Menmie cucmemuy ma 3anUcano PiBHAHHA PYXy Ha OCHOGI pigHsanb Jlacpanaica Opy2oeo poody.

Y pesynomami 0ocniosxcenns ompumano aHarimuyHi Gopmynu Oas GU3HAHUEHHS KIHeMUu4HOl
eHepeii cmpiuku cnipani wHeKy ma ii onop, Wo 8paxosyrms 83aEM00il0 pobouoi i X010cmoi 2ilok
cmpiuku 3 eanom wreky. Tloxazano, wo 3anpononosanull nioxio 00360s€ OYIHIO8AMU OUHAMIYHI HA-
BaAHMADICEHHS NPU OVObL-GKOMY DPAKYIUHOMY CKAAOI 8AHMANCY MaA MOdce OYymu SUKOPUCTHAHUL K
OCHO8A 0151 IHHCEHEPHUX PO3PAXYHKIE 28UHMOBUX KOHBEEDIE.

Tlepcnexmusu nodanbuiux 00CHiONCeHb NONASAIOMb Y NPOBEOEHHI eKCnepUMeHmMAIbHOI nepe-
BIPKU OMPUMAHUX AHATITMUYHUX 3ATIeHCHOCET, a MAKONC Y BUKOPUCMAKHI pe3yabmamis 0Jia Onmumi-
3ayii KOHCMPYKYI CMPIYKY CNIpani WHeKy 3 Memor 3HUNCEHHA MACU Ma eHeP2oEMHOCMI MPAHCHOP-
MHUX CUCTIEM.

Knrouoei cnosa: cmpiuka cnipani wHeKd, eHepeoEMHICb, MPAHCHOPITY8AHHSL, 28UHMOBULL KOHBEED.

Problem’s Formulation

The main elements that determine the metal capacity of a screw conveyor are its chute and
auger. Since the chute is a thin-sheet structure that provides controlled and integral movement of the
load, and, most importantly, is a static system that does not consume energy from the operation of the
conveyor, it can be neglected in dynamic or kinetic calculations. Accordingly, the metal capacity of
the working body itself directly affects the energy capacity of the transportation process. The dynamic
load of the screw, in addition to the weight and other physical properties of the transported material, is
affected by the dead weight of the screw structure as an executive body. Reducing the weight of the
integral structure will reduce the energy capacity of the entire system.

Analysis of recent research and publications

In works [1, 2], the definition of dynamic coefficients during the transportation of agricultural
products by scraper and shank conveyors is given. However, the influence of the design features of the
working body is not described. In work [3], the dependence of dynamic coefficients on the speed of
transportation and fractionality of cargo is shown. The features of transportation by screw conveyors
are not clearly distinguished. In works [4, 5], graphs of the dependences of the dynamic coefficient on
speed are presented, which are built on the basis of experimental studies of the movement of a single
cargo element without taking into account other physical and mechanical features of the system. In
other works [6—29], attention to kinetic energy or dynamic loading is not noted.

The main requirement for maximum weight reduction of elements is guaranteed to ensure full
operational capacity and ensure the intended purpose in full. The main indicators of the operational
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capacity of such a system are the unreduced and reduced dynamic characteristics, namely the potential
and kinetic energy of the mechanism. Accordingly, determining the components of the main
characteristics of the conveyor, as an energy-intensive system, allows us to attribute such calculations
to priority scientific areas and practical tasks.
Formulation of the study purpose
The purpose of the work is to obtain an analytical formula for determining the kinetic energy
of the screw spiral belt. To achieve this goal, it is necessary to solve the following tasks:
- write down the components of the kinetic energy of the screw conveyor system;
- write down the defined expressions in approximating functions;
- determine the kinetic energy of the supports of the screw spiral belt.
Presenting main material
According to standardized passport documentation, the conveyor's performance is determined
by the unit weight of the transported cargo q:

q=Q/v, @)

where: q— running weight of the transported cargo, kg/m; Q — passport capacity of the conveyor,
kg/s; v— transportation speed, m/s.

Since in the static position of the conveyor, the load on the belt supports of the screw spiral is

determined by the unit weight of the cargo, it is logical to use this value during cargo movement with
the introduction of a new concept of the dynamic coefficient.

— PB
g ras @
where: K,— dynamic coefficient, reduced to the linear mass of the cargo; P,— dynamic load on the
support of the auger spiral tape, n; g— acceleration due to gravity, m/s% g, — running weight of
cargo, kg/m; g, — running weight of the tape, kg/m; s — pitch of the auger spiral belt supports, m.

When determining the design loads, we take cases o f transportation of coarse fractional
material and small bulk cargo.

This gives reason to represent the total cargo flow as the sum of individual cargo flows: a
continuous cargo flow of small fractions and a discrete flow of large elements:

q:ZQi ; (3)

where: g — running weight of freight traffic; g; — running weight of the th component of the total

freight flow.

During the movement of the belt, each cargo flow interacts with the belt supports of the screw
spiral with its dynamic coefficient.

The dynamic load acting on each belt support of the screw spiral, according to expression (3),
can be represented in the following form:

P, =K;(a, +a,)os=0sY Ky0; ©)

where: P,— dynamic load acting on the support of the screw spiral belt, n; K,— given dynamic
coefficient; g, — running weight of the auger spiral belt, kg/m; g, — running weight of freight traffic,
kg/m; g — acceleration due to gravity, m/s?; s— pitch of the screw spiral belt supports, m; K, —
dynamic coefficient for the -i component of freight traffic; g; — inear mass -is a component of the

cargo flow, including the auger spiral belt.
For large elements of cargo flows, formula (4) can be rewritten in the following form:

P, = gs|K,,(0,60+0,70)q + K,,(0,15+0,20)q + K,,(0,10 - 0,15)q + K,,,q,. | (5)

where: K, ,K,,,K,,,K,, — dynamic coefficients for the flow of fractions of small, medium, large

elements and the ribbon of the screw spiral, respectively.
For homogeneous flows, formula (4) takes on a simpler form:
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P, =gsK.q, (6)
where: K,— dynamic coefficient for fractions of a given flow; q — linear mass of a homogeneous

flow kg/m.

Thus, formulas were obtained for determining the design loads on the supports of the spiral
belt of the screw: formula (5) - for the most general case of cargo flow, formula (6) - for homogeneous
cargo flows.

These loads, being added with the gravitational forces of the spiral belt supports, give the
design loads acting on the screw shaft:

P, = ({mp‘o. + SZ KaiQij , (7

where: P, — calculated load on the screw shaft, n; m , — mass of the auger spiral belt supports, kg.

The obtained expression (7) allows to calculate the dynamic load at any fractional
composition of the transported cargo, which is the basis for the calculation of the conveyor.

The general principle of studying the dynamics of the disturbed motion of the screw-belt
system is to derive the Lagrange equations of the second kind

d(oT oT ol
prrd ol el P ®)
dt{ oq; aq; oq;
where: T — Kinetic energy of the system, J; n — potential energy of the system, J; g, — generalized
coordinate corresponding to the ith harmonic of oscillations, m; Q, — generalized force

corresponding to the ith harmonic of oscillations, n(n.m).

For the case of free oscillations Q; = 0.

The application of Lagrange equations of the 2nd kind assumes the presence of restraining
connections between the elements of the system, while the connection between the belt and the screw
shaft is non-restraining, one-way.

Therefore, the assumption of the continuous interaction of the belt and the screw is made. In
the general case, the potential energy of the "screw shaft-belt" system consists of the potential energy
of the runs and the belt of the working and idle branches (the interval of operation when the screw
spiral is in the upper positions. Kinetic energy consists of the kinetic energy of the runs (the entire
spiral revolution) T, , working T, , Ta xonocruii rinok T, , spiral ribbons of auger supports and their
supports (T, , — support of the working branch of the auger spiral ribbon and T,,; — support of the I-
th branch of the ribbon of the screw spiral, which is written in the corresponding indices as follows:

T:Tn+Tp.o.+Tp0i+Tp.ﬂ.+Tx./z' (9)

Expressions for the components of the kinetic energy of the system can be written

N (A
2 bl dt

m .
Tpo = Z 2p Y i

< m 01 2 10
Tpoi = Z 2p y poj 1 ( )

T :QJ’ ay, dx
> 2 S| dt

Txn:—F’YA Jﬂ . dx
2 Jdo dt
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where: E,— modulus of elasticity of the screw shaft material, ra; |,— moment of inertia of the
cross-section of the span, m?; Y, — span deflection function, m; S, — orce in the working branch of
the auger spiral ribbon, n; Y, — function of deflections of the working branch of the auger spiral
ribbon, m; S,, — force in the idle branch of the screw spiral ribbon, n; Y,,— function of deflections
of the idle branch of the auger spiral ribbon, m; p, — specific gravity of the purlin material, kg/m?;
m,,— weight of the support of the working branch of the auger spiral belt, kg; Y,,;— function of
displacements of the i-th support of the working branch of the screw spiral ribbon, m; m, — weight

of the support of the idle branch of the auger spiral ribbon, kg; Y,; — displacement function of the
g-th support of the idle branch of the screw spiral ribbon, m; F, — cross-sectional area of the auger

spiral ribbon, a*; P — the specific gravity of the auger belt spiral and the transported material is
given, kg/m?; p, — specific gravity of the auger spiral ribbon, kg/m?.

For the analytical writing of the expression for kinetic energy, the following approximating
displacement functions were chosen.

In expressions (11) and (12) the following notations are adopted:

27X
y, = q(l— COSTJ

_al1 271X /si n7zX/
y/)«'l =qQ, —0057 +@, S|n7 (11)
y, = ql(l— 0052770() +@,/sin 7 /
= sinﬁ
Ya=9 /
=(_ Sin @+ /sin @/
pa =000, P (12)
=q, Sin ﬁ+ /sinE
yX]l - ql / gonl /

Yo+ Y pur Yo, — Movement of the runs, working branch and idle branch of the auger spiral belt,

respectively; 0,, ¢, , ,,— generalized coordinates of the runs, working branch and idle branch of the

screw spiral ribbon, respectively.
Kinetic energy of the screw shaft:

(13)

Fap 27X 3F Pyl
=2— “ff')[ql(l‘c"ST)]de:—‘E Cof

where: | — cross-sectional area of the span, m ?; p— specific gravity of the purlin material,
kg/m3; y— span deflections, m.
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Mpo 5 Mpo1 -
Too +Tpo1 = Z Ypoi + Z Ypoj =

i=1
27Xi < Mpot 27X
1- cos— l1-cos— || =
_ql( H R H i H a9
2 I
27X =~ Mpot 27X Jj
1 COS—— 1-cos
| j of + 121: 5 ( o .
Then the Kinetic energy of the screw spiral ribbon is
(dy Y : ?
T7+TM=MJ‘[ Yon dx+mjé ., dx, (15)
P ‘ 2 0 ot 2 0\ ot

where: F , — cross-sectional area of the auger spiral ribbon; © — specific gravity of the auger
spiral ribbon with load; p , — specific gravity of the auger spiral ribbon.

During the movement of the tape, not only the coordinate depends on time y, but also the

coordinate, therefore, in expression (15) the full derivatives are substituted dy/dt =dy/ot +vaoy/ox

2 2
F dy dy d d
+T = ”pj(lj( P iy pﬂ] dx + ”jl( Yan nyzJ dx =
X

T
pr X 2 ot OX 16}
=F 3Iq2 l 2 2n22q2+n2n2v2®2 N
2 INPR 1 20 N
FP,[3 2 | 2 212v2 2 n12n2v2 2
+ LA =g, c +— + + :
2 [2 % Z(Pnl | % ol Pn1

Conclusions
The obtained equation of motion of the spiral belt of the screw from time describes the
dependence on the coordinates of both axes. In accordance with the tasks set, the components of the
kinetic energy of the screw conveyor system are written and the expression in the approximating
function is determined, and an equation for determining the kinetic energy of the supports of the spiral
belt of the screw is also obtained. In accordance with the purpose of the work, the formula for
determining the kinetic energy of the spiral belt of the screw is obtained analytically.
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