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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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AHomauyiss. Pos3pobrnieHo  mamemamuyHy — MOOesib
pobomu  MHEMO  WHeKoso20  mpaHcriopmepa  Ons
mpaHCcropmyeaHHsl CUMKUX Mamepiarnie 3 WHEKoM, sKul
8CMaHOB/IEHO KOHCOJIbHO 3 3a30pOM 8IOHOCHO KOXyXa.
BuxioHumu GaHumu 0nsi nobydosu mamemamuyHoi Moderni
bynu: Kymoea weudkicmb obepmaHHsi WHeKa, Oiamemp
WHeKa XUuUribHUKa, KPOK 28UHMOSOI fiHii eUmKie WHeKa
JKUBUSbHUKa, rapamempu mMamepiasibHOI YacmuHKu. [aHa

Mmoxe  Oymu  eukopucmaHa 0nd  0brpyHmysaHHs
KOHCMPYKMUBHO-KIHEMamuyHUX — rnapamempie  nHeMo
WwHeKogo2o0  mpaHcriopmepa.  [lobydoeaHi  epacbiku
3anexHocmi  3MiHU  Kyma ei0XumeHHss ma  Kymoegoi

weudKkocmi wHeka 6i0 Yacy rosopomy sumka WHeka rpu
gibpauitiHux npouecax ma 6e3 Hux.

Knroyoei cnoea: mexHonoaiqHUtl rnpouec, MamemamuyHa
MoOerb, CUrkuli Mamepiar, MpaHCriopImysaHHsI, MpPaHCropmep

NMEPEOYMOBA

LLIHekoBi rBMHTOBI KOHBEEPM, K OKPEMWUW TEXHIYHWUNA
ernemMeHT TPaHCMOPTHUX MEXaHi3MiB, 3HaWLWNN LUMPOKe
BUKOPUCTAHHA B KOMMOHYBallbHUX CXemax MaluvH Ans
nepeHaBaHTaXeHHs, abo nepemilleHHs ApiGHOCKNKMX
MaTepianis y 38'A3Ky 3 IX MPOCTOTO0 KOHCTPYKLI, HECKIAAHICTO
TEXHIYHOrO 0BCNYroByBaHHS Ta MOXIMBICTIO 3aBaHTaXEHHS 11
po3BaHTaXXeHHA Marepiany B Oyab siKOMy MiCLj TEXHOMOMYHOMO
npovecy poboTn TPAHCNOPTHOrO NpucTpoto [1].

3aranbHMM HedonikomMm poboTU LUHEKOBMX MEXaHi3miB
€ HaJdaHHA cripanbHUMKM BUTKAMU BUMHTOBOMO KOHBEEpPA He
TiNbKy MOCTYNArbHOrO OCLOBOIO NEPEMILLEHHS MaTepiarny, ane
n obepToBOro pyxy, WO NpPM3BOAUTbL HE TiMbkWM [0
MOLLKODKEHHSA MaTepiany, ane i 3MeHLLEHHS1 MPOAYKTUBHOCTI
MexaHiamiB [2,3] i, K HacnigoK AOCATHEHHS HaMBULLOT
€KOHOMIYHOI echekTMBHOCTI, ab0 MaKcMarbHOI NMPOOYKTUBHOCTI
nHemo LWHekoBoro TpaHcnopTepa (MWT) B yinomy.

MATEPIAN | METOOUKA

B npoueci onTumi3auii napameTpiB TpaHCMOPTHO-
TEXHIYHUX CUCTEM, SKi MalTb poboYi OpraHu rBUHTOBMX
MexaHi3aMiB i Ha cTagii X npoeKkTyBaHHs [AOUinbHO
crnoyatky nobyayBaTy mMateMaTUyHy MOZEMb TEXHOMOMYHOTO
npouecy poboTu WHekoBoro xwusuneHuka MNLWT 3 meToo
OTPUMaHHS 3aKOHOMIpHOCTeN npouecy (YHKUIOHYBaHHS
MEXaHi3My LLHEKOBOIrO XXMBUIIbHUKA, SKUA BCTAHOBMEHO
KOHCOJIbHO Ha CBOIl OMOpI, 3aneXHo Big NOro OCHOBHUX
KOHCTPYKTUBHO-KiHEMaTUYHUX napameTpis [4].

Ona ananidy Ta nobynoBu mateMaTU4yHOi mopeni
TEXHOMOr4YHOro Npouecy poboTU LLHEKOBOIO XUBUSbHMKA
pO3rNsHEMO pyx MarepianbHOl 4YaCcTUHKM  CUMKOro
cepefoBuLla, Ky YSIBUMO siK 3B’si3aHe marepianbHe Tino
NpYBEOEHO Macok Mg, sIKa 3HAXOAUTLCHA Ha MOBEPXHi
cripanbHMx BWUTKIB 1 LWHeKa 2, AkuiA BCTaHOBIEHO
KOHCONbHO 3 3a30pOM BIiOHOCHO KOXyxa 3, npu LbOMY
YacTMHKa pyxaeTbCHA B3OOBX MOro oci obeptaHHa Ox 3
nocTynanbeHo WBKAkKIcTio V, Ao nHeBmocuctemu MWT.
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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 mc 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 V., 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 Vi; 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]:

o(t)=2zat + ¢, =27

Where: @ - screw angular rotation speed, rad/sec;
(plzconst — 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 shaft:

[26(t): Yo (£): %o (t)] = [2o (t): yo(t):0],t > 0,

where Z and Yo according to [5] can be expressed as:
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3 MoYaTKOM KOHTAKTy YacTMHKM Tina macow mg 3
NoBEPXHEID CripanbHUX BUTKIB LUHEKa, BOHA 3a paxyHOK
obepTaHHA cnipanbHUX BUTKIB LUHEKOBOMO XMBUIbHMKA 3
KyTOBOK LUBMAKICTIO @ 32 MPOMDKOK Yacy KOB3ae Mo
MOBEPXHi BWTKA LUHEKA | KOXyxa Ta OJHO4acHO
nepemilllyeTbCa B3[4OBX HanpsiMKy BEKTOpa OCbOBOIMO
nepeMillleHHs BUTKIB KOHBEEpPa Vm Y HanpsiMKy BekTopa
nocTynanbHOI LWBUAKOCTI Vo (puc.1).

Y ubOMy BUMAAKy Maemo CKnagHum pyx isnyHoro
Tina, KOMM YacTUHKa NPUAMaE y4acTb: Y BiAHOCHOMY —
B3[OBX [MMOBEPXHi BWTKIB LUHEKOBOIO >XUBWIMbHMKA 3
LWBUAKICTIO Vic; Y NEpeHOCHOMY — pa3oM 3 BUTKOM 3
WBUAKICTIO Vzc Ta OOHOYACHO Y TOPU3OHTarbHOMY

nepeMmilleHHi y HanpsiMky Bektopa V.

PE3YJNIbTATU

Ha wmartepianbHe Tino, To6TO 4acTuHKy MaTepiany
npuvBeaeHo Macol My,, Ska 3HAXOAUTLCSA Ha MOBEPXHI
BUTKA LUHEKOBOrO KoHeeepa y MomeHT uacy t =0, gie
cuna TSXKIHHA mcg, cunu peakuii noBepxHi BuTka Nj i
KoxXyxa N2 Ta, BignOBIigHO, CUNU TepTs KOB3aHHA Fim i
F2m Npu pyci kopeHennoay no AaHUM NMOBEPXHSIM.

BBenemo Hepyxomy MpOCTOPOBY CUCTEMY KOOpAMHAT
Oxyz (puc.1) y sgkin Bice Ox cniBnaga€e 3 BiCClO
obepTaHHA  LWIHEKOBOrO XMBWIMbHUKA, a Bicb Oy
po3TalloBaHa napanenbHO ropn3oHTarbHIN NIOLLMHI.

3a npomixok yacy {, a6o B momenT yacy t Butok
lWHeKa noBepHeTbCA Ha KyT noBopoTy ¢(t), npwu
LibOMY KyT NMOBOPOTY LLUHEKA BMPA3UMO 3arnexHicTio [5]:

do
L 4+ .
dt D

Oe: @ — kyToBa WBUAKICTL 00EepTaHHs LWHeKa, paa/c;
o = CONSt — noYaTKOBUI KyT MOBOPOTY LUHEKA Mpu

1)

t=0, paa.

3rigHo 3 [6], nopsg 3 obepTanbHUM PYXOM LUHEK
3[iMCHIOE MrockonapanensHun pyx B nrowuHi zOy ska
nepneHaukynsipHa oci obepTaHHst Tpyou 4 wHeka 3,
TO6TO OCi Bana LHeka.

Mpm X=0 paHe nepemilleHHs LWHEKa MOXIMBO

3afaTi KaHOHIYHWUM piBHSAHHA pyxy ueHTpy oci O Bana
LUIHEKOBOTO XMBUIbHIKA:

@

Re Z, i Yo 3rigHo 3 [5] MOXHa 3agaTtu y BUrmsaai:
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2(t)=—f [, (t)cospa (t)]+ gep, (t)sine, (t)];
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©)

Yo(t)=—f[pa(t)sing, (t)] - glea(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)L(:i = mcac = mc

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

force vector, vector value of the total reaction of surfaces

2 2

ZNi and the total frictional drag force Z F,, of the
1

i=1 i=1

particle along the surfaces is determined by:

— momentum vector RA of the patrticle location in the

plane zOy, or the combination of the vector and

coordinate manner of the particle movement:

Where: | , j , k - the cross-cuts of corresponding axis
of the coordinate system;
— vector of the particle mass force Gm :
e

- vector value of the force reaction Ni of the contacting
surface P;, of the feeder according to [5]:

PiBHAHHA pyxy 4acTuHKM MaTepiany npuBeAeHoI
macolo M y HepyxoMmi cucTeMi koopauHaT Oxy 3rigHO

3 KNacu4YHMMK 3aKOHaMW MeXaHiku [7] y BEKTOPHIN dopmi
3anuweTbcsl y HacCTyNnHOMY BUrMsiAi:
d°R,
dt?
Mpu ubomy cknagoBi 3anexHocTi (4), To6To Gixy4nn
pagiyc-BekTop |§A , BEKTOPHMI 3anuc cunu Baru

~ 2 2
=G, +> N, +> F, . t>0 “)
i=1 i=1

YaCTUHKN Gm , BEKTOpPHE 3Ha4yeHHsA CyMapHOi peakLis
C

NOBEPXOHb ZZ: Ni i CyMapHOI Cunu TepTsa KOB3aHHS 22: |fmi
i=1 i=1
YACTUHKKN MO NMOBEPXHSIX BU3HAYAOTLCA:
- Oixyumn BekTOp ﬁA MOMOXEHHST YaCTUHKU B

MMAOLWMHiI ZOy , abo 3B'A30K BEKTOPHOro W
KOOPAMHATHOrO Cnocoby pyxy YaCTUHKM:
Ra(t)=[xa ) ya(thza®)]=ix(t) + Jy(t) +kz(t) ©)
ne | , j , k — OpTWU BIAMNOBIOHWX OCEN CcUCTEMMU
KOOpAMHaT;
- BEKTOPHWUIA 3annc cunu earu Gm YaCTUHKM:
C
Gy, =(M.g;0;-m.g); )
- BEKTOpPHE 3Ha4YeHHA Ccunu peakuii Ni KOHTaKTylo4oI1
noBepxHi P xuBmnbHuka 3rigHo 3 [5]:
Ni = ﬁi/‘i f (8)
ae ﬁi — OOVHWYHWUIA BEKTOP, NEeprneHAaVKYNsipHUA [o

where n;

corresponding surface P;, 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

- unit vector, perpendicular to the plane of the

=

mj :_fimcgci __fi N'i

Where: f; - frictional drag coefficient P; of the surface; V; -
movement speed P; of the surface in the point R, (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:

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

Solution of the task is reduced to finding the sticking
reaction g4, of the corresponding plane P; of the surface,
or in our case for finding 44 and g, - correspondingly,

sticking reaction of the screw turn surface and the feeder
casing surface.

%

NMoWMHN  BIigNOBiAHOI noBepxHi Pi, abo oaunHuuHa
HopmManb 4o noBepxHi Pi, i = 1,2;
M — peakLia B’a3i BiANoBigHOI NNOLMHK:

— BEKTOpHE 3Ha4YeHHA CUnmM TepTa KOB3aHHA YaCTUHKU

no P; noBepxHi
Sdic

d
[e: fi — koediuieHT TepTs KOB3aHHSA P; nOBEpXHi;

V; — weuakicTb pyxy Pi nosepxHi B TouLi ﬁA(t) [

MOMEHT yacy t.
AKWO LIHEeKOBUI XMBUIMbHUK BCTAHOBMEHO Mg, KyTOM
O [0 TOPU3OHTY, TOAi MPOEKUii BEKTopa CUMM TSHKIHHSA

YaCTMHKN MpUBEOEHOI Macu mC CUNKoro cepenosuula

A_\7i)/R;A _\7i dg? _\7i ' ®)

z_fl‘Ni

Ha KoopAMHaTHI OCi MaTUMYTb BUMMSA:

(10)
PiweHHsa 3apadi 3B0AMTLCA A0 3HAXOMKEHHST peakuin

B’A3i M BignosigHoi nnowuHu P; noeepxHi, abo B

HawloMy BUMNaAKy AOnA 3HaXOOXeHHA lul Ta ﬂz -

BiAMOBIAHO, peakuii B'A3i MOBEpXHi BWUTKa LUHeKa Ta

NOBEPXHI KOXYyXa XnBUnbHUKa.
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With this purpose let us write the location of unit
vectors fi; and fi, , which are perpendicular to the

planes of corresponding surfaces of contact of the
material particle, having written at first the equation, by
which the screw surface and the PSC screw feeder
casing surface are presented.

According to [7,8] canonical appearance of the
equation of the screw surface P1, and casing surface P;
are presented as relations:

P,(0,5D;R;p;x)= X+2l(¢’_¢’o):0;
T

INMATEH — icubtutal

Ona  UbOro  3anuwemo  MONIOXEHHS!  OAMHWUYHKX
BEKTOpiB ﬁl i ﬁz’ SKi NeprneHauKynsipHi A0 MMOLWMH

BiANOBIAHMNX NnoBepxoHb KOHTaKTy YaCTUHKMN
mMaTepiany, 3anucaBlUM CMoYaTKy PIiBHAHHSA SKUMU
3aflaHi MOBEpXHi LWHeKa Ta KoXyxa LIHEeKOBOro
XuBunbHuka MLWT.
3rigHo 3 [7, 8] KaHOHIYHMIA BUIrNSAL PIBHSAHHSA
noBepxHi wHeka P; Ta Koxyxa P, 3apgaHi
BigHOLWEHHAMMU:
(11)

P,(x;y;2)=2?+y?-0,25D%* =0

Where:
D — feeder screw diameter, m;
T — turns spiral pitch of the screw feeder, m.

Then the location of unit vectors ﬁl and ﬁz will be
found:

n, = (—T sing;T cosg;

Oe:
D — pgiaMeTp LUHEKa XUBUIbHMKA, M;
T — KPOK rBUHTOBOI MiHil BUTKIB LUHEKA XXUBUINbHWKA, M.

Toai NONOXEHHA OAMHUYHUX BEKTOPIB ﬁl i ﬁz OynyTb

BMU3HA4YaTUCA:

(12)

fi, = (— cosgp;sing;0)

Where: C screw parameter is:

Je napameTp LHeKa:

c(05D)=~T? + z°D* = 2D\/tg’f +1

T =7Dtgp

[ -angle of pitch of the screw turns, (degree):

Taking into account the canonic equation of the screw
rotation (2) and its longitudinal movement we obtained:

ﬂ— KyT NigvoMy rBMHTOBOI MiHii BUTKIB LWHeKa, rpaj.

3 BpaxyBaHHAM KaHOHIYHOTO PIBHAHHA OGepTaHHs
LUHeKa (2) Ta oro NocTynasbHOro pyxy ofepXkaHo:

V= (?t[O,SD cosg, (t);05Dsing, (t);0]+ gt[zo(t); ¥, (1):0] (13)
or abo
\V2 =[—7de¢-y+z’(t)'y’(+7de¢-Z'0D (14)
. dt oM /r 7o d '

Then in order to find the sticking reaction of the screw
turn surface 44 and the sticking reaction of the feeder
casing /4, , let us multiply the written scalar values of
corresponding components of the equation (4) by the
corresponding values of unit vectors ﬁl and ﬁzfrom the

equation (12).
As a result we will obtain:

Toai onsa 3Haxo4XXeHHS peakLii B’si3i MOBEPXHi BUTKa
WHeka g4y Ta peakuii B'A3i MOBEpPXHi KoXyxa
KUBUMbHMKA  fL,

3Ha4yeHHsa BIiOMNOBIOHUX cKNagoBUX PIBHAHHA (4) Ha
Bi4NOBIQHI 3HAYEHHS OL4WMHUYHMX BEKTOPIB ﬁl i ﬁ2 3

NOMHOXWMO 3anucaHi  CcKanspHi

piBHSAHHS (12).
B pesynbTati ogepxMmo:

- provided i =1: - npu ymosi | =1:
=—Lm gcosa sin —Lm gsina + gy —
c(05D) ° ? " ¢(08D) * #h (15)
O (G0, Qe yOcoso]
c(o,5Djo,5D‘ dt ¢(05D)05D —V,

or taking into account (14) and the fact, that

dD
dt

6:

: c(0,5D):7sz/tgzﬁ+1:Cﬂ

abo 3 BpaxyBaHHAM (14) i Toro, wo

0sp
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7zDsin,6’[digoj+

dD dt

dt

0=-m.g(cosasingsing + sinacos B)+ 14 — f,11, (16)

ttugsing I 2(Using +yg(t)cose]

db d :
055>~ < [05c0s0, (1):05sing, (1)]

_4ad
dt

[zq

— provided 1 =2: - npu ymoBi | = 2:

2
m.a, =05m.D(p)* = 0,5Dmc(%(f) = an
fua[z5(t)cosg + yo (t)sing]
05D —\71\
or taking into account (14) and the fact, that abo 3 BpaxyBaHHsAM (14) i Toro, wo

D=

=-M_gCoSa COSQ + 1, —

db
dt

2
0,5Dmc(d(pj =-M,g COScx COSQ + f4 —

dt (18)

fLuy[z)(t)cosp + y, (t)sing]
dD

O'SE - % [05cos @, (t);05sing,(t)]- % [2,(t); v, (1):0]

Dependencies (17), (18) are the system of equations, BanexHocTi (17), (18) € cucTtemoto piBHAHb, PO3B’A30K
solution of which relatively the unknown reactions of AKOI BiAHOCHO HEBIAOMUX peakuill B'A3i MOBEPXHi BUTKa
sticking of the screw turn surface 4 and the screw feeder LUHEKa £4 Ta MOBEPXHI KOXYyXa L LLIHEKOBOMO XMBUITbHUKA

casing surface g can be expressed as: Mae BUrMsa:
m.g sin B(cosa sing + m.g sina)— f,u, ”DS:FD'B (c:;[o)
05— (19)
e dt
1= ot F G
1+ f,sin g = (E z.(t)sing + y. (t)cos o] ]
05— ——105c0s¢,(t);05sing,(t)|——|z
e (1) oo ()] [2.]
de 2
My, =m, 05D] — | +gcosacose |+
iy oo ytsine]
D .
05 — |——]05co0s¢,(t),05sing (t)|——|z,(t);y,(t),0
(0] & foscose, tj0ssing, 0] & i 1)
or, having substituted the value of the sticking reaction abo nmigcTaBMBLUM 3HAYEHHSI peakuin B'A3i NMOBEpXHi

of the casing surface g from the dependence (2) in the KOXyXxa L& i3 3anexHocTi (20) y piBHAHHS (19) ogepxmmo
equation (19), we will obtain the dependence for finding 3anexXHiCTb ANs BM3HAYEHHS peakuil B'A3i (1 MNOBEpXHi
the sticking reaction y» of the screw-feeder turn surface BWTKa LLUHEKa-XUBUIbHMKA

2
=m, {O,SD(Z—TJ f,+9 [COSasin(psinﬁ+sinacosﬁ+ f, COSaCOS(p]}

dD
() 1 e

+ =
272D sinﬂ(%fj 0,5((1:?}—;[0,5005 ?, (1);0,5sing, (t)] —% Z, ()5, (t) ;O]

xf, {sinﬂ[—zg (t)sing+y, (t)cos (0]} —f,f,[ 25 (t)sinp+y, (t)cos ¢ |

Finally, from the equation of the material particle Y KiHUEBOMY BUMNaAdKy 3 PIiBHAHHS PYyXy YacCTUHKU
movement of the mass m, (4) we will find: mMaTepiany npuBegeHO Macoio m, (4) sHaxogumo:
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T(¢-2 T(p-2
(27)0,5D— f,u, (9 jm’)—flﬂl (404 ”f")y (22)
0,50 0,50-V,

mTé=2zmasing — —t
. T¢=2rm.gsina (0,5D)

or abo

2

mCﬂDtgﬂ(%T(fj =2z (m.gsina —MCOSﬂ)—Zﬂ'D(tgﬂ—l)(d—(pr

dt (23)
o[’ db . d d B
fou,|— —f ——-2—|0,5cos¢ (t);0,5sing (t)|-2—| z. (t);y. (t);0
[ e~ -2 {0500, 0850, (1)]-2 5 00, 0] ]

If the vibration of the cantilever screw-feeder does not Axkwo  BibGpauid  KOHCONBHOMO  LUHEKa-XUBUIbHUKA
occur, then dependencies (20) and (21) are sufficiently BiACYTHA, Todi 3anexHocti (20) i (21) 3HayHO
simplified. Then we will obtain: cnpowytoTbes. Mpu LbOMY 0AEPXKUMO:

2;;0,5D[O::’)T
-\2 -
1, =05m,_ f,D(¢) £+ Mg ————COoSasing + (24)
‘ c(05D)osb|  c(05D)
27050D| 42
+m gzno’SDsina+m f,g dt COS COS@
BTN 2 ——=7
“* ¢(05D) ’ c(o,5Djo,5D‘
1, =05m.D(¢)’ + m,gcosacose, (25)

or, after the transformation and simplification of (24), abo nicns nepeTBOpPeHHs Ta cnpoleHHsa (24), (25)

(25), we will obtain: OLEPXKNUMO:
2m, f,Dsin ,B[dq)j
Ly = ° el OSD(wj2+gc05acosw +| (26)
! dD T dt
dt
+m.g(cosa singsin A + sina cos )
d 2

1, =05m, D(d(tp) +M_QgCcoSaCosg @7
Thus, the obtained differential dependencies (20-23), Taknum 4vMHOM ogepxaHi andepeHuianbHi 3anexHOCTi

(26), (27) are the mathematical model, which specifies (20-23), (26), (27) € maTemMaTU4HOK MOZENIIO, SKa
the technological process of the screw feeder operation XapaKTepu3ye TEXHOMOTYHWIA npoLlec poboTu LLIHEKOBOTO
and can be used for the further interpreting of the XUBWINbHUKA Ta MOXe OyTn BUKOpUCTaHa Ansi noaanbLluoro
construction-kinematic parameters of PSC. 00rpyHTYBaHHS! KOHCTPYKTUBHO-KHEMaTUYHMX napameTpis MLLT.

To provide more complete description of the Ons 6inbl NOBHOrO OMWCY TEXHOSOMYHOrO Mpouecy
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 [OMNOBHUTU

supplemented by the given initial conditions: 3aaHVMM MOYATKOBMMU YMOBAMMU:
p(0)=p,: 9(0)=dp/dt=¢,. (28)
But it must be noted, that the mathematical model npu LbOMY, HEOBXiAHO 3ayBaxuTK, O MaTemMaTuyHa

(20-23) is correct only if g > 0. If this condition is not Mogenb (20-23) agekBaTHa Tinbku npu ymoBi g > 0.
provided and g < 0, then the material particle breaks Ao faHa ymoBa He BUKOHYETLCA i 14 < 0, ToAi YacTuHKa
the contact with the surface and equation (4) does not MaTepiany BTpa4ae KOHTaKT 3 NOBEPXHEIO i PIBHAHHA (4)
describe correctly the real process of the screw feeder BXe He ajeKkBaTHO OMuUCye pearbHWM npouec pyxy
movement. LLIHEKOBOTO XXUBUITbHUKA.

It should be noted, that dependencies (23), (26) and HeobxiaHo Takox gogaTu, Wwo 3anexHocTi (23), (26) i
(27) can have fixed solutions as to the reaction of the (27) MOXyTb MaTW CTauiOHApHi pilUeHHs BiOHOCHO
corresponding planes sticking Hig and the angular peakuin B’A3i BiANOBIAHNX NIOLLMH tig i KyTa noBopoTy

rotation Pp which correspond to the points of rest: Pp - AKi BiANOBIAAIOTb TOYKAM CMOKOH:
[} 1
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—Lm gcosasin +mm gsina +
Hap, C(O,5D) c Pp, C(O,5D) c (29)
+27m, f,gcosacosp, 05D/ c(05D)
Hop =M.QCOScrCOSPy (30)
0=2m,gsina — R (27)205D + 27 ,ptop, + 27141, T 1 <(05D) (31)
c(055D) ' '
or after the transformation and simplification (24), (25) abo nicnsi nepeTBOpPeHHA Ta crpoleHHsa (24), (25)
we will obtain: OLEPXNUMO:

Hap = mcg(COSa singp sin B +sina cos B+ f, cosa cos gy cosﬁ);

(29)
Hop =M g COS COS @y ;
M.g — t4p COS B+ fr15p SINS =0
To find ?r from the system of equations (29) Hin will Ons Bu3HaveHHA Pr i3 cucTtemn piBHAHL (29)
be excluded. BUKITIOUMMO Hig .
. f -1
cosg, (1+ ctge,, {ctgﬁ + [#Dsin B(f,sin B —cos )] }): _ (30)

- {ctgﬁ — [#Dsin g(f,sin g — COSﬂ)]fl}

Y ubomy Bunagky npu ymosi Hr > 0 MOXHa BULINNTK
MHOXWHY AONYyCTUMWUX NapameTpiB MoAeri, BUXOAAYM 3
TOYKM 30pYy il aAeKBaTHOCTI | CTIMKOCTI CTauioHapHMX

correctness and stability of the fixed solutlon_s of the pilueHb 6e3BiBPaLifiHOr0 MpoLecy PoBOTM LUIHEKOBOTO
vibration-free process of the screw feeder operation. KUBUALHIKA.

Numerical investigation o_f the mathematic model (20), Yucnose [OCHiZKeHHs maTemaTnuHoi mogeni (20),
(21), (23), (28) was carried out in the mathematic (21), (23), (28) NPOBOAMIN B MaTeMaTUMHOMY MaKeTi
package of the applied software for PC, as the result of NpVKNagHoi nporpamu Ans MK, npu LsOMy B pesynbTari
change (P(t):l//(t) the dependence (23) being reduced 3aMiHK (bt):'//(t) 3anexHictb (23) npuBogunaca no
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), (23),

dependence of the change of the deflection (D(t) and the (28), abo sanexHicTb 3miHM kyTa Bigxunenns @(t) Ta
angular speed of the screw (t) on the time of the screw KyTOBOI LUBUAKOCTI LUHEKa lt) BiJ Yacy nMoBOpOTy BUTKA

In this case, when Hp > 0 the set of the acceptable
parameters of the model can be defined, because of its

turn rotation, taking into account the vibration processes, lWHeKa 3 BpaxyBaHHAM BibpauiiHui npoueciB, SKi
which appear during the PSC screw feeder operation, are BMHMKaKOTb Mg 4Yac pobOTM LUHEKOBOrO >XUBMUIbHMKA
presented. MwT.
2_
1.5

Angle of deflection of the screw turn ¢(z)

0.5': / i
0 1 2 3 4 5 6
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
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Angle of deflection of the screw turn ¢(7)

Screw angular speed o(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 rpadiyHnX 3anexHocTen nokasye BNNuB Ha
pilleHHa cucteMu 30inblieHMX amnniTyn  Bibpauin
KONMMBHOrO Mpouecy, Ski HaBegeHO Ha puc. 3 B
MOPIBHSHHSA 3 puc. 2.

Ha puc. 4 npuBedeHi peski iHTErpoBaHi BUCHOBKM
YNCMOBMX PO3PaxyHKiB MOXIMBUX BapiaHTiB MOBEAiHKM
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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; = 7/36; » = 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
TEXHOSOrYHMI npouec pobOoTH LUHEKOBOIO XXMBUIIbHMKA
Ta Moxe Oyt BuMKOpUCTaHa Ans  NoJanbLUoro
0br'pyHTYBaHHS KOHCTPYKTUBHO-KIHEMaTUYHUX
napameTpiB MHEMO LLHEKOBOro TpaHcnopTepa.
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