Vol.44, No.3 /2014

INMATEH:-- 6‘9 ricultural cgnqmcctmq

MATHEMATICAL MODEL OF THE PNEUMATIC-SCREW CONVEYOR
SCREW MECHANISM OPERATION

/

MATEMATUYHA MOLEJIb ®YHKLIOHYBAHHS LLULHEKOBOIO MEXAHI3MY
NMHEBMOLIHEKOBOI'O TPAHCITIOPTEPA

Ph.D. Hevko R.B. ¥, Ass. Prof. Ph.D. Stud. Dzyura V.0.?, Romanovsky R.M.?
1)Ternopil National Economical University, Lvivska str., 11, Ternopil, Ukraine
ATernopil Ivan Pul'uj National Technical University, Ruska str., 56, Ternopil, Ukraine
E-mail: volodymyr-dzyura@rambler.ru

Abstract: The paper comprises a mathematical model of
technological process of dry material transporting by the
screw conveyor. The mathematical model developed in
the article, presents the movement of material particle of
the dry medium in the screw feeder, mounted cantilever
with the gap relatively casing. Initial data for building the
mathematical model were: screw rotation angle speed,
feeder screw diameter, helical line pitch of the feeder
screw turn, material part parameters. This model can be
used for interpreting the design-kinematic parameters of
the pneumatic-mechanic transporter. Graphs of
dependence of the angle change deflection and the
screw angle speed on the time of the screw turn rotation
under vibration processes have been built.
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INTRODUCTION

Screw spiral conveyors as the individual technical
part of transporting mechanisms have been widely
applied in the component schemes of machines used
for loading or transporting of small dry materials owing
to their simple design, easy technical maintenance and
possibility to load and unload at any stage of
technological process of the transporting device
operation [1].

General disadvantage of the screw mechanisms
operation is not only the fact, that the spiral screw
conveyor turns the material along the axis longitudinally,
but can rotate and cause the damage of material, which
results in the decrease of the mechanisms efficiency [2,3]
The highest economic efficiency or the maximum
productivity is obtained by the pneumatic-screw conveyor
(PSC).

MATERIAL AND METHOD

While optimizing the parameters of transporting-
technical systems, the operating elements of which are
screw mechanisms, at the stage of their design it is
worthy building the mathematical model of the
technological process of the PSC screw feeder in order
to obtain the regularities of operating screw feeder
mechanism, which is mounted cantilevered on its
support, depending on its main design-kinematic
parameters [4].

To analyze and to build the mathematical model of the
technological process of the screw feeder operation, let
us study the movement of the material particle of the dry
medium, which can be treated as the combined material
body of mass m¢, which is on the surface of the spiral
turns 1 of the screw 2, which is mounted cantilevered
with the gap relatively casing 3, the particle moving along
the axis of rotation Ox with the longitudinal speed Vo
towards the pneumatic system PSC.
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AHomauyifs. Po3pobrieHo  mMamemamu4yHy — MOOerib
pobomu  MHEMO  WHEeKo8o20  mpaHcriopmepa  Ons
mpaHCcriopmyeaHHsl CUMKUX mamepiarnie 3 WHEeKoM, sKul
8CMAaHOB/IEHO KOHCOJIbHO 3 3a30pOM 8IOHOCHO KOXyXa.
BuxioHumu GaHumu 0nsi nobydosu mamemamuyHoi Moderni
bynu: Kymoea weudkicmb obepmaHHsi WHeKa, Oiamemp
WHeKa XuUribHUKa, KPOK 28UHMOSOI fiHii eUmKie WHeKa
JKUBUSbHUKa, rapamempu mMamepiasibHOI YacmuHKu. [aHa

moxe  Oymu  eukopucmaHa 0nd  0brpyHmMyeaHHsi
KOHCMPYKMUBHO-KIHEMamuyHUX  rnapamempie  nHeMo
WwHeKogo2o0  mpaHcriopmepa.  [lobydoeaHi  epacbiku
3anexHocmi  3MiHU  Kyma ei0XuneHHs ma  Kymoegoi

weudKocmi wHeka 6i0 Yacy rosopomy sumka WHeka rnpu
gibpauitiHux npouecax ma 6e3 Hux.

Knroyoei cnoea: mexHoroaidHUl rpouec, MamemamuyHa
MoOerb, CUrkuli Mamepiar, MpaHCriopImysaHHs, MpPaHCropmep

NMEPEOYMOBA

LLIHekoBi rBMHTOBI KOHBEEPM, K OKPEMWUW TEXHIYHUNA
ernemMeHT TPaHCMOPTHUX MEXaHi3MiB, 3HaWLWNM LINPOKe
BUKOPUCTAHHA B KOMMOHYBallbHUX CXemMax MaluvH Ans
nepeHaBaHTaXeHHs, abo nepemilieHHs APiIBHOCMNKUX
MaTepianis y 38'A3Ky 3 iX MPOCTOTO0 KOHCTPYKLI, HECKIAAHICTO
TEXHIYHOrO 0BCNYroByBaHHS Ta MOXIMBICTIO 3aBaHTaXEHHS 11
po3BaHTaXeHHA Marepiany B Oyab sSiKOMy MiCLj TEXHOMOMYHOMO
npouecy poboTy TPaHCMOPTHOMO NPUCTPoto [1].

3aranbHMM HedonikomMm poboTU LLUHEKOBUX MEXaHI3MIB
€ HaJaHHA cripanbHUMKM BUTKAMU BUMHTOBOMO KOHBEEpPA He
TiNlbKy MOCTYNANbHONO OCLOBOIO NEPEMILLEHHS MaTepiany, ane
n o6epToBOro pyxy, WO MNPU3BOAUTL HE TiNbkM [0
MOLLKO[DKEHHA MaTepiany, ane i 3MeHLLEHHs1 MPOAYKTUBHOCTI
MexaHiamiB [2,3] i, K HacnigoK AOCArHEHHS HaMBWULLIOT
€KOHOMIYHOI echekTMBHOCTI, ab0 MaKcMarbHOI NMPOOYKTUBHOCTI
nHemo LwHekoBoro TpaHcnopTepa (MWT) B yinomy.

MATEPIAN | METOOUKA

B npoueci ontumisauii napameTpiB TpaHCMOPTHO-
TEXHIYHUX CUCTEM, SIKi MalTb pobouvi opraHu rBUHTOBMX
MexaHi3MiB i Ha cTagii X npoeKkTyBaHHs [AouUinNbHO
cnovatky nobyayeBatn MatemaTuyHy MoZefb TEXHOSOMYHOMo
npouecy poboTu WHekoBoro xwusuneHuka MNWT 3 meTo0
OTPUMaHHSA 3aKOHOMIpHOCTeN npouecy PYHKUIOHYBaHHS
MEXaHi3My LLUHEKOBOIO XMBWUJIbHUKA, SIKUA BCTAHOBMEHO
KOHCOSTbHO Ha CBOI OMOpIi, 3aneXHo Big NOro OCHOBHMX
KOHCTPYKTUBHO-KiHEMaTUYHUX NapameTpis [4].

Ons aHanizy Ta nobygoBu MaTemMaTuyHO! Mogeni
TEXHOMOr4YHOro Npouecy poboTU LLHEKOBOIO XUBUIbHMKA
pPO3rNstHeMO  pyx MaTepianbHOi  YaCTUHKU  CUMKOro
cepenoBuLLa, sIKy YSBMMO sIK 3B’A3aHe MaTepianbHe Tino
npuBeaeHo Macol Mg, sika 3HaXOAUTbCHA Ha MOBEPXHi
cripanbHMX BWTKIB 1 LWHeKa 2, AkuA BCTaHOBIEHO
KOHCOMbHO 3 3a30pOM BIAHOCHO KOXyxa 3, Npu LbOMY
YacTMHKa PpyXaeTbCsl B34OBX MOro oci obepraHHs Ox 3
nocTynanbHO WBMAKICTIO Vo A0 nHeBMmocuctemu MLT.
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Fig. 1 — Sheme of calculation movement of the dry material particle of mass mc:
1 — screw turn; 2 — screw; 3 — screw casing ; 4 — screw tube

When the particle of the body with mass m. starts
contacting the surface of the spiral turns of the screw, it
slides along the surface of the screw turn and casing,
travelling simultaneously along the vector direction of the
axis displacement of the conveyor turns vV, towards the
vector of longitudinal speed V. , owing to the rotation of
the spiral turns of the screw feeder with the angular
speed @ during some time. (Fig.1).

In this case we have a complicated movement of the
physical body, when the particle takes part in: relative
displacement — along the surface of the screw feeder
turns with speed Vy; transporting displacement together
with the turn with the speed V. and simultaneously in the
horizontal displacement towards the vector V.

RESULTS

The material body, that is, the particle of the material
with mass my, which is on the surface of the screw
conveyor turn at the moment t=0 is subject to gravitation
mcg , reaction force of the turn surface N; and casing N,
and, correspondingly, to functional drag force Fin and
Fom, when the material moves along these surfaces. Let
us introduce the stable three-dimensional coordinate
system Oxyz (Fig.1), in which the axis Ox coincides with
the rotation axis of the screw feeder, and the axis Oy is
parallel to the horizontal surface.

During the period of time t, or at the moment of time t
the screw turn will be in the angular rotation ¢(t), the
screw angular rotation being expressed in terms of the
dependence [5]:

3 noyaTkoM KOHTaKTy YacTWHKM Tina Macow mg 3
NOBEPXHEID CripanbHNX BUTKIB LUHEKa, BOHA 3a paxyHOK
obepTaHHA cnipanbHUX BUTKIB LUHEKOBOMO XMBUIbHMKA 3
KyTOBOKO LUBMAKICTIO @ 3a MPOMDKOK Yacy KOB3ae Mo
NOBEpXHi BMTKA LWHEKa | KOXyxa Ta OAHO4YacHO
nepemilllyeTbCa B3[OBX HanpsMKy BeKTopa OCbOBOrO
nepeMillleHHs BUTKIB KOHBEEpa Vm y HanpsiMKy BekTopa
nocTynanbHOI LWBWUAKOCTI Vo (puc.1).

Y ubOMy BUMAAKy Maemo CKnagHum pyx isnyHoro
Tina, KonM YacTuHKa MpUAMae yyacTb: Yy BiQHOCHOMY —
B3[OBX MOBEPXHi BWUTKIB LUHEKOBOrO XMBWITbHUKA 3
LWBMAKICTIO Vi¢; Y NMEPEHOCHOMY — pa3oM 3 BUTKOM 3
WBMAKICTIO V2 Ta OAHOYACHO Y TOPU3OHTaNbHOMY
nepemMillleHHi y HanpsaMKy BekTopa \7m.

PE3YIIbTATU

Ha wmartepianbHe Tino, TO6TO 4YacTuHKy MaTepiany
NpMBEOEHOK Macok My,, Ska 3HAXOAUTLCHA Ha MOBEPXHI
BUTKA LUHEKOBOrO koHBeepa y momeHT uvacy t =0, gie
cuna TSKIHHA mcg, Cunu peakuii noBepxHi BuTKa Ni i
KoXyxa N2 Ta, BignOBIigHO, CUNU TepTs KOB3aHHA Fim i
Fam NpY pyci KopeHennogy no aHWM NOBEPXHSAM.

BBegemo Hepyxomy NpOCTOPOBY CUCTEMY KOOPAMHAT
Oxyz (puc.1) y skin Bice Ox cniBnagae 3 BicClo
obepTaHHA  LWIHEKOBOrO XMBWIIbHUKA, a Bicb Oy
po3TalloBaHa napanenbHO ropn3oHTarbHiN NIOLLMHI.

3a npomixok 4acy {, a6o B moment yacy
BUTOK LUHEKa NOBEpHeTbCA Ha KyT noBopoTy ¢(t),
npy LbOMY KyT MOBOPOTY LUHEKA BUPaA3UMO 3aNEXHICTHO

[5]:

(o(t)=27m)t+(pl=27zd—¢+(pl, 1)

Where: @ - screw angular rotation speed, rad/sec;
@, =const — initial screw angular rotation at

t=0, rad.

According to [6], simultaneously with the rotation movement
the screw is under the two-dimensional parallel movement in
the plane zOy, which is perpendicular to the rotation axis of
the tube 4 of the screw 3, that is, to the screw shaft axis.

When X =0, this displacement of the screw can be
expressed by the canonical equation of the axis O center
movement of the screw feeder shatft:

dt
Je: @ — kyToBa WBMAKICTL 00EpTaHHSA LWHeKa, paa/c;
o =Cconst — nNo4YaTKoBMK KYT MOBOPOTY LUHEKa npu

t=0, paa.

3rigHo 3 [6], nopag 3 obepTanbHUM PYXOM  LUHEK
34iMCHIOE NnockonapanensHun pyx B nnowwmHi zOy sika
nepneHaukynsipHa oci obepTaHHst Tpybu 4 wHeka 3,
TO6TO OCi Bana LUHeka.

Mou X=0 paHe nepemilieHHs LWIHEKA MOXIMBO
3a4aT! KaHOHIYHUM piBHSIHHA pyxy LeHTpy oci O Bana
LLIHEKOBOTO XXMBWUJTbHUKA:

[26(t); Yo (£)s %o (t)] = [z, ); yo(t):0],t > 0, 2)
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where Zy and Yo according to [5] can be expressed as:
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Ae Z, i Yo 3rigHo 3 [5] MoxHa 3agaTn y BUrnagi:

2o(t)=~f oo (t)cosga (t)]+ g, (t)sing, (V)] -
Yo(t)=—flpa(t)sing, ()] - g[pa(t)cose, (t)]

The equation of the movement of the particle of the
material with the mass m, in the stable system of

coordinates Oxy, according to the classic laws of
mechanics [7], in the vector form can be expressed as:

mc?‘i = mcé:c = mc

In this case the dependence components (4), that is,
angular-momentum radius-vector RA, particle Gm
C

force vector, vector value of the total reaction of surfaces

2 2

ZNi and the total frictional drag force ZFm» of the
= i1
particle along the surfaces is determined by:

— momentum vector RA of the particle location in the

zQy

plane , or the combination of the vector and
coordinate manner of the particle movement:

d?R,
dt?

PiBHAHHA pyxy 4acTuHKM MaTepiany npuBeaeHoI
maco m, Yy HepyxoMmi cucteMi koopauHat Oxy 3rigHo

3 KNacu4YHMMK 3aKOHaMW MeXaHiku [7] y BEKTOPHIN dopmi
3anuweTbCs y HacTynHOMY BUrMsAA;:

:Gmc+ZNni+szi’t>o' “)
i=1 i=1

Mpu ubomy cknaposi 3anexHocTi (4), To6To Gixy4mn
papiyc-BekTop RA,

BeKTOpHI/IIZ 3anuc cunn  Baru

YaCTUHKN Gm , BEKTOPHE 3Ha4YeHHs CymapHOi peakuis
C

MOBEPXOHb Zzl Ni | CyMapHoi CUNn TePTS KOB3aHHs! 22: 'Emi
i=1 i=1
YaCTMHKM MO NOBEPXHSIX BU3HAYAIOTLCS:
- Bixyunin BekTOp ﬁA MONOXEHHS YaCTUHKM B

zOy, abo

KOOPAMHATHOrO Cnocoby pyxy YaCTUHKU:

NOLLMHI 3B'A30K  BEKTOPHOrO U

I:qQA(t )= [XA(t); YA(t); ZA(t)]: ix(t)+ jy(t)+kz(t) (6)

Where: |, _| , K - the cross-cuts of corresponding axis
of the coordinate system;
— vector of the particle mass force Gm :
C

oe |, j k — OpTM BIAMOBIOHUX OCEN CUCTEMM
KOOpAMHaT;

—

- BeKTOpHVII?I 3anuc cunun earun Gm YaCTUHKWN:
C

Gy, =(Meg;0;:-m.g); @

- vector value of the force reaction Ni of the contacting - BEKTOPHE 3Ha4yeHHs cunu peakuii Ni KOHTaKTY4Ol
surface P;, of the feeder according to [5]: NnoBepxHi Pj xnBunbHmka 3rigHo 3 [5]:

Ni = ﬁi K (8)

where ﬁi - unit vector, perpendicular to the plane of the ae ﬁi — OOVHWYHWIA BEKTOp, NepneHauKynapHuiA Ao

corresponding surface Pj, or unit normal to the surface P,
i=1,2;
4 - corresponding plane sticking reaction:
— vector value of the particle frictional drag force on
the P; surface

F . =—fimcéci =_f|

mj

N;

Where: f; - frictional drag coefficient P; of the surface; V; -

movement speed P; of the surface in the point ﬁA(t) at

the moment of time t.

If the screw feeder is mounted under angle ¢ to the
horizon, then the projection of the vector of the particle
gravitation of the mass m_of the dry medium on the

coordinate axis will look like:

Solution of the task is reduced to finding the sticking
reaction 44 of the corresponding plane P; of the surface,

VAT

NMoWMHN  BIigNOBiAHOI noBepxHi Pi, abo oaunHuuHa
HopMarb 4O noBepxHi P, i =1,2;
M — peakuia B’a3i BiANOBIAHOI NNOLWMHN:

— BEKTOpHE 3Ha4YeHHA CUnn TepTa KOB3aHHA YaCTUHKN

no P; noBepxHi
dﬁ_\z /dﬁ_\] )
1 dt 1

:_f1‘Ni

dt

[e: fi — koediuieHT TepTa kOB3aHHS P; NOBEPXHi;

V.

1
MOMEHT Yacy t.

AKWO LWHEKOBUI XUBWUMBbHUK BCTAHOBMEHO Mid KYTOM
O 0O TOpU3OHTY, TOAI MpoeKUil BeKTopa CUNU TSKIHHSA

YaCTUHKU NPMBEAEHOT Macu M, curkoro cepefoBuLLa Ha

— WBKUAKICTb PyXy Pi noBepxHi B TouLj ﬁA(t )i

KOOpAMHATHI OCi MaTUMyTb BUMMAA:

Gy, =(m,gcosa;0;-m, gsina) (10)

PiweHHA 3agavi 3BOAUTLCA A0 3HAXOMKEHHST peakLin
B’A3i 7 BignosiaHoi nnowmHn P; noBepxHi, abo B
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or in our case for finding y7A and J75 - correspondingly, HalloMy BWNaaKy ANs 3HaXOMKEeHHs [y Ta g1, —
sticking reaction of the screw turn surface and the feeder BiONOBIAHO, peakuii B'A3i MOBEpPXHi BMTKA LUHeKa Ta
casing surface. NoBEpPXHi KOXYyXa XXMBUIbHUKA.

With this purpose let us write the location of unit Onsa  upboro 3anuWeMo  MONOXKEHHS  OAMHUYHMX

vectors ﬁl and ﬁz , which are perpendicular to the BEKTOpIB ﬁl i ﬁz, SKi NepneHaVKynsapHi OO NIOLWUH

planes of corresponding surfaces of contact of the BiANOBIOHMX NoBEpPXOHb KOHTaKTy YaCTUHKN
material particle, having written at first the equation, by mMaTepiany, 3anucaBlUM CMoYaTKy PIiBHAHHSA SKUMU
which the screw surface and the PSC screw feeder 3ajaHi MOBepxHi LWHeka Ta KoOXyxa LWHEKOBOro

casing surface are presented. xusunbHuka MWT.

According to [7,8] canonical appearance of the 3rigHo 3 [7, 8] KaHOHIYHUIA BUrNAQ PIBHSAHHA
equation of the screw surface P1, and casing surface P; nosepxHi wHeka P; Ta «koxyxa P, 3apaHi
are presented as relations: BiAHOLIEHHAMMU:

PV | :
ROSD;Rip;x)= X+ —(p-) =0 (1)
P,(x;y;z)=2* +y*-0,25D* =0
Where: [e:
D — feeder screw diameter, m; D — giaMeTp LWHEeKa XUBUIbHYKA, M;
T — turns spiral pitch of the screw feeder, m. T — KPOK rBUHTOBOI MiHil BUTKIB LUHEKA XXUBWIbHMKA, M.
Then the location of unit vectors A, and fi, will be Toai nonoxeHHs oanHNYHMX BekTopia 1, i M, ByayTb
found: BM3Ha4YaTUCSA:
. aD
i, =| —Tsing;Tcosg;———— |;| . 12)
' ( peme c(0,5D)j
fi, = (~ cosg;sing;0)
Where: C screw parameter is: [e napameTp LWHeKa:
c(05D)=T? + 72D = 2D4tg?f +1
T =7Dtgp

[ -angle of pitch of the screw turns, (degree): 3 — KyT nigiiomy rBUHTOBOI MiHii BUTKIB LIHeKa, rpag.

Taking into account the canonic equation of the screw 3 BpaxyBaHHAM KaHOHIYHOTO PIiBHSAHHA oOb6epTaHHs
rotation (2) and its longitudinal movement we obtained: LWHeKa (2) Ta Noro NOCTynarnbHOro pyxy OAep»XaHo:

- d . d
V, = a[0,5DCOS¢>0 (t);05Dsing, (t);0]+ a[zo(t); ¥, (1),0] (13)
or abo
V, = —ﬂDd(p-y+z;(t);yg(+7de¢-z;O) (14)
dt dt
Then in order to find the sticking reaction of the screw Toai onsa 3Haxo4XXeHHS peakLii B’si3i MOBEPXHi BUTKa

turn surface A4 and the sticking reaction of the feeder ~ WHEKa 44 Ta peakull BA3l  MNOBEPXHI  KOXyxa
casing Mo let us multiply the written scalar values of KUBUMbHMKA £y, MOMHOXUMO 3anncaHi  ckansapHi

corresponding components of the equation (4) by the 3Ha4yeHHs BIOQMNOBIOHUX CKNaAgoBUMX PIBHAHHA (4) Ha
corresponding values of unit vectors ﬁ1 and ﬁzfrom the BigNOBIQHI 3HAYEHHS OAMHMYHMX BEKTOPIB ﬁl i ﬁ2 3

equation (12). piBHSAHHS (12).
As a result we will obtain: B pesynbTati ogepxmmo:
- provided 1 =1: - npu ymosi 1 =1:
O——Lm gcosa sin —ﬂm gsina + 4 —
c(05D) © ¥~ ¢(05D) # (15)

o, DT . [dgonr T [~ z;(t)sin(p+¥;(t)c03go]
c(O,5D)‘O,5I5‘ dt c(o,5Djo,5|5 v,

or taking into account (14) and the fact, that abo 3 BpaxyBaHHsAM (14) i Toro, wo
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5-90. ¢(05D)=D tg2f+1="2
at cos
i i i aDsinB(do
0=-m.g(cosasingsing + sinacos 8)+ p fz#zdlj(dtJ_‘_ (16)
dt
+ fysing 5 (E* z,(t)sing + y; (t)cosp] y
05 - a[0,5c03gu0 (t);05sing, (t)] - a[Zo]
— provided I =2: - npv ymoBi | =2
. do )’
ma. =05m D(¢) =05Dm | -~ | =
cC C ((0) C[ dt ) | (17)
=-M,gCOSaCOSQ + 11, — flﬂl[zo(t)coi¢ +#y° (t)sing]
05D -V,
or taking into account (14) and the fact, that abo 3 BpaxyBaHHaM (14) i Toro, Lo

= dD

D=—

dt

do)\
0'5Dmc[¢j = —M,g COS & COSP + 4ty —

. . (18)

fu, 24 (t)cos @ + v (t)sing]
b d

05 == 4 [05c0s ¢, (t);05sin 9, (t)] - % [25(2); Yo (t):0]

BanexHocrTi (17), (18) € cuctemoro piBHsIHb, PO3B’A30K
SKOI BiAHOCHO HEBIOOMMX peakLin B’A3i NOBEPXHi BUTKa
LUHEKa £n Ta MOBEPXHI KOXyXa 4 LLIHEKOBOTO XXMBUITbHUKA

Dependencies (17), (18) are the system of equations,
solution of which relatively the unknown reactions of
sticking of the screw turn surface 4 and the screw feeder

casing surface g can be expressed as: Mae BuUrnaa:
m.g sin B(cosa sing + m.g sina) - f,u, 7D sin (d(p)
dD| \ dt
0'5E (19)
:ul = o R ’
1+ 1, sin 3 = (E z(t)sing + y; (t)cos ¢ ]
05— ——|05cos¢p, (t);05sing, (t)|——|z
. ?,(t) 0o (U] [2]
do 2
My, =m,| 05D —— | +gcosacose |+
gy [z (t)cosg + y; (t)sing] d
D .
08 — |-+ [0 2C0s Do (t);0'55| ne, (t)] T [Zo (t); Yo (t);O]
dt dt dt
or, having substituted the value of the sticking reaction abo nigcTaBMBLUM 3HAYEHHS peakui B'A3i NoBepXHi

of the casing surface & from the dependence (2) in the KOXyXa L& i3 3anexHocTi (20) y piBHAHHA (19) ogepxmMmMo
equation (19), we will obtain the dependence for finding 3anexHiCTb ANsl BU3HAYeHHS peakuii B'A3i g1 NOBEpXHi
the sticking reaction g of the screw-feeder turn surface BUTKA LUHEKa-XNBUIbHMKA
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2
4 =m, {O,SD(Z—TJ f, + g[cosasingsin B+sinacos B+ f, COSO!COS(/J]}
dD
— (21)
[ dt j 1
dpY " db) d d g
2zDsing| == =2 : i = . .
7 ﬁ[ at j 0,5[ i ] ot [0,5c0s ¢, (1);0,5sin¢, (t)] ” [2,(t):Y,(t);0]
xf, {sinﬂ[—zg (t)sing+y, (t)cos (p]} —f,f,[ z,(t)sinp+y, (t)cos ¢ |

Finally, from the equation of the material particle Y KiHUEeBOMY BMMNagKy 3 PIiBHAHHA PyXy YacTUHKK

movement of the mass m, (4) we will find: MaTepiany npMBeaeHo Macow m, (4) sHaxogumo:

T(p-2 T(p-2
m.T¢=2zm gsina ———(27) 0,5D - f,, (¢ fw)— fu (¢ ~ ”fo) ; (22)
¢(0,5D) 0,50 0,50 -V,
or abo
m_zDtg S Ll =2z(m,gsina —MCOSﬂ)—ZﬂD(tgﬂ—l)(d—(pr
¢ dt? ¢ dt (23)
-1 — -1
db db ,d . d
fou,|— —f ——2—|0,5cos ¢, (t);0,5sing, (t) |-2—]| z,(t); ¥, (t);0

x[zuzdt ] -2 050080, 0):055ine, (0] dtU)y()J”

If the vibration of the cantilever screw-feeder does not Axkwo BibGpauig  KOHCONBHOIO  LUHEKA-XMBUIbHMKA
occur, then dependencies (20) and (21) are sufficiently BiACYTHA, Todi 3anexHocTi (20) i (21) 3Ha4yHO
simplified. Then we will obtain: cnpotluytoTbest. Mpu LbOMY 04ePXKNMO:

2;;0,5D(°c'j‘tp)T .
. \2 -
w =05m, f,D(p)° —————<4— +m.g————cosasing + (24)
) c(o,50j0,5D ““c(05D)
27050 92
+m 92”0’5[) sina+m_f,g COSa COS @

NS 2 =

7 c(05D) * " ¢(05D)055D
1, =05m.D(¢)’ +m,gcosacose, (25)

or, after the transformation and simplification of (24), abo nicnsi nepeTBOpPeHHs Ta crpoleHHs (24), (25)

(25), we will obtain: OAEPXKNUMO:
27zm, f,Dsin ,B[dwj
1y = i dt OSD[d(pj2 +gCcosacose |+ ; (26)
! dD T dt
dt
+m.g(cosa singsin A + sina cos )
do)\2

Ly = O,5mcD(d§t0) +M_gCcoSaCoSp @7
Thus, the obtained differential dependencies (20-23), Taknm 4ymHOM oaepkaHi andpepeHuianbHi 3anexHoCTi

(26), (27) are the mathematical model, which specifies (20-23), (26), (27) € maTemaTM4HOIO MOAENMI, SsKa
the technological process of the screw feeder operation XapaKkTepu3ye TEXHOMOTYHWIA npoLec poboTu LLIHEKOBOIO
and can be used for the further interpreting of the XMBUIMbHMKA Ta MOXe OyTn BUKOpWUCTaHa Ans noganbLIoro
construction-kinematic parameters of PSC. 00rpyHTYBaHHS KOHCTPYKTUBHO-KIHEMaTYHMX napameTpis MLLT.

To provide more complete description of the [Ona 6inblw MOBHOrO OMUCY TEXHOMONYHOrO MpoLecy
technological process of the PSC screw feeder operation poboTn wHekoBoro xueunbHuka MWUT gudepeHuianbHi
differential dependencies (20), (21), (23) must be sanexHocti (20), (21), (23) HeobXigHO [OOMOBHUTU

supplemented by the given initial conditions: 3aJaHVMM NOYATKOBUMU YMOBaMMU:
9(0)=p,: 9(0)=do/dt=g,, (28)
But it must be noted, that the mathematical model npy UbOMy, HEODOXiOHO 3ayBaXkWMTH, IO MaTeMaTu4yHa
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(20-23) is correct only if g > 0. If this condition is not Mogenb (20-23) agekBaTHa Tinbku npu ymosi g > 0.
provided and x4 < 0, then the material particle breaks AKLwo faHa yMoBa He BUMKOHYETBCS i i < 0, ToAi YacTnHKa
the contact with the surface and equation (4) does not mMaTepiany BTpaya€e KOHTAKT 3 MOBEPXHELO i PIBHAHHS (4)
describe correctly the real process of the screw feeder BXE He ajekBaTHO OMNWUCYe pearnbHUi npouec pyxy
movement. LLIHEKOBOTO >MBUIbHYMKA.

It should be noted, that dependencies (23), (26) and HeobxigHo Takox gogaTu, WO 3anexHocTi (23), (26) i
(27) can have fixed solutions as to the reaction of the (27) moxyTe MaTM cTauioHapHi PpilleHHs BiAHOCHO
corresponding planes sticking /uiFi and the angular peakuiin B’a3i BigNOBIAHWX MIOLMH :uiFi i KyTa noBopoTy

rotation Op - which correspond to the points of rest: Op - AKi BiANOBigaloTh TOMKaAM CMOKOHO:
[ [
=————m.gcosasing +Mm gsina +
47 = c(05D) © P T c(05D) © (29)
+27m, f,gcosacospp 05D/ c(05D)
Hop =M g COSCOSPy (30)
0=2m,gsing — 2 (27)205D + 2 1t + 27,40, T 1 c(05D) B
c(05D) ' '
or after the transformation and simplification (24), (25) abo nicnsi nepeTBOPEHHs Ta crpolleHHs (24), (25)
we will obtain: OfEepPXNUMO:
tp = mcg(cosa singp sin B +sina cos B+ f, cosa cos gy, cos/i’); (29)
Hop =M g COScx COS@p ;
M.g — t4p COS B+ fou,p SINB =0
To find @R from the system of equations (29) #ir will Ons Bu3HayeHHs @R i3 cuctemn piBHSAHBb (29)
be excluded. BUKITIOUMMO HiR .
cosg,, (1+ ctgo,, {ctg,B + [#Dsin g(f,sin g —cosB)|* }): _ (30)

= {ctg,B —[#Dsin g(f,sin g — cosﬂ)]’l}

Y ubomy Bunagky npu ymoBi 4p > 0 MOXHa BUAINUTK
MHOXMWHY OONYyCTUMUX NapamMeTpiB MoAeni, BUXOASYM 3
TOYKM 30py ii aOeKBaTHOCTI i CTIMKOCTI CTauioHapHMX
pilweHb ©Oe3BibpauiiHoro npouecy poboTu LIHEKOBOro
XKMUBUIbHMKA.

In this case, when Hr > 0 the set of the acceptable
parameters of the model can be defined, because of its
correctness and stability of the fixed solutions of the
vibration-free process of the screw feeder operation.

Numerical investigation of the mathematical model Uncnose ; - :
. . . pocnigkeHHs matematudHoi mogeni (20),
(20), (21), (23), (28) was carried out in the mathematical (21), (23), (28) NpPoOBOAMAM B MaTeMaTWYHOMy naKeTi

package pf the applied software for PC, as the result of npUKnaaHoi nporpamu Ans MK, Npy LbOMY B peaynbTaTi
change p(t)=w(t) the dependence (23) being reduced saminm 9(t)=w(t) sanexicts (23) npueoaunacs [0
to the system of differential equations of the first degree. cucteMy andepeHuianbHUX PiBHAHb NEPLLIOro NOpPsSaKY.
In Fig.2 and Fig.3 typical graphs of the equation Ha puc. 2 i puc. 3 HaBegeHO TunoBi rpadiku
system solution behavior (20), (21), (23), (28) or the noBediHKN pilleHHA cucTeMu piBHaHb (20), (21), 323),
dependence of the change of the deflection o(t) and the  (28), abo sanexicte 3"’””“,[ KyTa BIAXUINEHHA o(t) 1a
angular speed of the screw a)(t) on the time of the screw KYTOBOI LUBWAKOCTI LHeka © i6 BIA “acy NoBOpOTY BUTKa
turn rotation, taking into account the vibration processes, IHEeka 3 - BpaxyBaHHAM BIOpAUIMHAM  MPOLIECIB,  5iKI

- : . BMHUKAOTL Mif 4Yac pobOTW LUHEKOBOMO XWBWIbHUKA
which appear during the PSC screw feeder operation, are AwT A P

presented.
2-
1.5
Angle of deflection of the screw turn ¢(7)
1 3 = o -— —— g, -
0.57 ]
0 1 2 3 4 5 B
0.5 t (sec)
-1 Screw angular speed o(7)

Fig. 2 - Dependence of the angle of deflection and the screw angular speed change on the time of the screw turn rotation

109



Vol.44, No.3 /2014

INMATEH:-- cS‘(q ricultural Cé‘nqmcctmq

| Angle of deflection of the screw turn ¢(7)

/\
i\,

RE \/

\/ X, A
v k ve\‘. / Xl J .
7 ] .6

A
|é |I fl 'I".’
1/
t (sec)

Screw angular speed ©(7)

Fig. 3 - Dependence of the angle of deflection and the screw angular speed change
on the time of the screw turn rotation under vibration.

Analysis of the graphic dependencies testifies the
effect of the increased vibration amplitudes on the
system solutions, which are presented in Fig.3 compared
with those in Fig.2.

In Fig.4 some integrated results of numerical
calculations of possible options of the system behavior
are presented.

90

AHania rpadiyHux 3anexHocTen nokasye BNNUB Ha
pilweHHa cuctemn  3BinblieHnx amnnityn  Bibpauin
KOMMBHOTO npouecy, $ki HaBegeHo Ha puc. 3 B
MOPIBHSHHSA 3 pUc. 2.

Ha puc. 4 npuBefeHi Oeski iHTerpoBaHi BUCHOBKMU
YMCIOBUX PO3PaxyHKIB MOXIMUBUX BapiaHTiB MOBeAiHKW
cucTeMu.

d .
Y, degree o
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Circulation
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Fig. 4 - Dependence of the angle of deflection of the material particle on the screw radius
at 7= 0,66 M; o = 736; © = 0.68; f; =, = 0.3
1 — amplitude value; 2 — fixed value

CONCLUSIONS

The obtained differential dependencies (20-23), (26),
(27) can be treated as the mathematical model, which
specifies the technological process of the screw feeder
operation and can be used for the further interpreting of
the construction-kinematic parameters of the pneumatic-
screw conveyer.
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BUCHOBKU

OpepxaHi andepeHuianbHi 3anexHocti (20-23), (26),
(27) e maTemaTnyHOW MOAENMIo, siKa XapakTepusye
TEXHOSOrYHWMIA npouec pobOoTH LLUHEKOBOIO XUBWUMbHUKA
Ta Moxe Oyt BuMKOpUCTaHa Ans  NOAasnbLIOro
0br'pyHTYBaHHSA KOHCTPYKTUBHO-KIHEMaTUYHUX
napameTpiB MHEMO LLUHEKOBOrO TpaHcrnopTepa.
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