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Abstract: Based on the equation of motion in a screw
conveyor-mixer, the kinematics of bulk material is
researched. The motion of bulk material in medium
speed operation mode of screw conveyor-mixer is
analyzed in details. The technique of determining the
nature of loading the screw conveyor elements is
developed. The analytical dependences for determining
the speed change of the given bulk material volume in
relation to a casing in medium speed mode of conveyor
while mixing the bulk material are developed. This
technique can be widely used for designing the screw
transport and technological systems
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INTRODUCTION

Nowadays screw conveyors are widely used for
technological transporting and mixing the bulk materials.
These conveyors are characterized by simplicity of their
design. They are highly reliable, easy to use and easy to
adapt when used in automated systems, and they are
ecologically friendly as well [7,8,9]. To cut down power
consumption and to increase the quality of mixing the
bulk materials, a number of screw mixers’ original
designs are developed. The use of the working body
depends on the peculiarities of bulk material loading the
auger as well as on the peculiarities of the nature of bulk
material motion, and the practicability of using the auger
working body.

The advantages of using such augers include the
increase of load coefficient in the area of transporting the
bulk material from a tanker into auger that leads to the
increase of conveyor’s productivity.

Analysis of recent research and publications

The works of Grygoryev A.M. [2], Hewko B.M.,
Rohatynskyi R.M. [4, 5, 6], Hewko I.B. [3, 6] and others
are dedicated to the issue of transporting and mixing
different materials.

However, taking into account the diversity of
technological processes and structural designs of screw
transport and technological mechanisms (STTM), this
issue requires further research and refinement of various
parameters of theoretical and practical importance.

The objective is to develop engineering methods of
computing the screw conveyor-mixer operation mode
with a choice of kinematic and dynamic parameters that
minimize their power consumption.

Pe3rome: [NpusedeHo A0CnidxKeHHST KIHeMamuKu CUrKo20
Mamepianly Ha OCHO8I pIiBHSIHb pyXy Yy 28UHMO8OMY
KOHeeepi-3miwysayi. [lposedeHo OemarnbHUl aHaris
pyxy cunko2o wmamepiany y cepeOHbOWBUOKICHOMY
PEeXUMi 28UHIMOBOMY KOHEEEpI-3milysadYi i po3pobreHo
MemoOuKy 8CMaHOBIEHHSI Xapakmepy HaBaHMmaXeHHs
Ha efeMeHmu 28UHMOB020 KOHeeepa, 8usedeHo
aHanimuyHi  3anexHocmi  Ons  8U3HAYEHHsT  3MIHU
weudkocmi pyxy eudineHo2o ob’eMy curnkozo mamepiany
BiOHOCHO KOXyxa y CepeOHbOWEBUOKICHOMY pexumi
KOHBeepa ri0 4ac 3Milly8aHHsl CUIMKO20 Mamepiany, uwo
MOXHa WUPOKO 8uKopucmosysamu rpu MpPOeKmyeaHHi
28UHMOBUX MPaHCMIOPMHO-MEXHOI02IYHUX cucmem.

Knryoei cnosa: eeuHmosuli  poboyuli
28UHMOBUL KOHBEEP, WHEeK, Curkul mamepiari.

opaaH,

NEPEOMOBA

Ons  TexHomnoriyHMx onepauin  nepemileHHs i
3MilyBaHHA CUMKNX maTtepianis Benuke
pPO3MNOBCIOAXEHHA HAbynu TrBUHTOBI  KOHBEEPW,  SKi
XapaKkTepusyTbCcs NPOCTOTOHO KOHCTPYKU;ii Ta,
BiQNOBIAHO, BUCOKOI HaAIMHICTIO, NPOCTi B KOPUCTYBAHHI
Ta MerkicTio aganTyBaHHA nNpU  BUKOPUCTaHHI B
aBTOMaTM30BaHMX cucTemax, €KOINOrivHiCTIo
BUKopucTaHHa [7,8,9]. [Ona 3MEHLEeHHA eHepreTUYHnX
BUTPaT | MNiABUWEHHA SKOCTI  3MillyBaHHA  CUMKUX
martepianie po3pobneHo psg OpuriHanbHUX KOHCTPYKLIN
FBUHTOBUX 3MilllyBayiB. 3aCTOCYBaHHA TakuX LUHEKIB
notpebye BMPILLEHHS nuTaHb, NoB’A3aHMX 3
0COBMMBOCTAMM BM3HAYEHHS HaBaHTaXeHb Ha poboymnii
opraH Ta xapaKTepy pyxy CUMKOro maTtepiany, a Takox
OOUINbHOCTI IX BUKOPUCTAHHS.

[lo nepeBar 3acToCyBaHHA TaKuX LUHEKIB MOXHa
BiAHECTN 30inbLUeHHsT KoedilieHTa 3aBaHTaXXeHHS Y 30Hi
nepemMilllieHHs CUMKOro maTtepiany i3 OyHkepa Ha LUHek,
LLIO NPU3BOANTL A0 3POCTaHHS NOro NPOAYKTUBHOCTI.

AHaniz ocmaHHix docnidxeHb i nybnikayit

[MWTaHHAM TpaHCNOPTYBaHHA | 3MilWlyBaHHA Pi3HUX
Matepianis npuceadeHi npaui Mpurop’ea A.M. [2], eBkO
B.M., PoratuHcekoro P.M. [4, 5, 6], l'eBko I.B. [3, 6] Ta
iHLINX.

OpHak, BpaxoBYKUM Pi3HOMAHITHICTb TEXHOMOMYHUX
npoueciB i KOHCTPYKTMBHOIO BWKOHAHHA TBUHTOBUX
TPaHCNOPTHO-TEXHOMOMYHNX MeXxaHi3miB (r'TTM™),
notpebye nopanbluMx OOCHIAXEHb Ta YTOYHEHb Pi3HUX
napameTpiB TEOPETUYHOIO 1 NPAKTUYHOIO 3HAYEHHS.

MeTa po6oTV € po3pobneHHs iHXEeHEePHOI METOAMKM
po3paxyHKy cepegHbOLUBUAKICHOMY pPeXuMi rBUHTOBOIO
KOHBeepa-3millyBayia 3 BMOOPOM KiHEeMaTM4HUX Ta
OVHaMIYHUX napameTpis, AKi MiHIMi3yl0Tb ix
€HEProEMHICTb.
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MATERIAL AND METHOD

To mix the bulk material effectively, the conveyor
should work in the medium speed mode, this is the
characteristic feature of screw conveyor-mixers (fig.1).

Based on experimental research it is proved that the
material in the cross section of conveyor casing is lifted
to the upper point and falls on the inner surface of the
cylindrical casing under the force of gravity, repeating the
cycle by the cycle.

The motion trajectories of the given bulk material
volume in the cross section of conveyor casing in the
fast- and medium speed modes are compared in fig. 2.

The angular parameter 0 is determined by the nature
of bulk material motion during the screw conveyor
operation.

To determine the nature of bulk material
transportation, the motion of the given bulk material
volume along the coordinates xyz (fig.1) should be
considered.

INMATEH:-- dq ricultural anqmcctmq

MATEPIAIT | METOAUKA

OcobnuBICTIO rBUHTOBMX KOHBEEPIB-3MilLyBaYiB (puc.
1.) € Te, WO ANA edeKTUBHOro 3MillyBaHHA CUMKOro
marepiany KOHBEEP NOBUHEH npautosaTu y
CepeaHbOLLBUAKICHOMY PEXUMI.

Mpn uUbOMYy Ha OCHOBI  eKCnepuMeHTanbHUX
AocnigXeHb BCTAHOBIEHO, WO maTtepian y nonepe4yHomy
nepepisi Koxyxa KOHBeepa niAHIMaeTbCa [0 BepXHbOI
TOYKM | nig Aielo cunuM Bar nagae Ha BHYTPILIHIO
UMNIHAPUYHY NMOBEPXHIO KOXYXa, MOBTOPIOKYM HACTYMHUNA
UMK,

MopiBHAHHSA TpaekTopin pyxy BuAineHoro o6’emy
CUMKOro Mmartepiany y nonepeyHoMy nepepisi Koxyxa
KOHBEeEpa Mpu LIBWAKICHOMY Ta CepeaHbOLLBUAKICHOMY
pexumax npeacraBrneHo Ha puc. 2.

Mig yac poboTK rBMHTOBOIO KOHBEEPA KYTOBUI NapameTp

0 Bu3HauaeTbCs  OCOBMMBOCTAMW  pyXy — CUMKOrO

maTepiany.

[ns BCTAHOBMNEHHS XapakTepy MNEPEMILEHHS] CUMKOro
MaTepiany po3rnsHEMO pyX BUAINEHOro o6’eMy CUMKOro
maTtepiany B koopamHaTtax xyz (puc. 1).

Fig. 1. - Computation scheme of transporting the given bulk material volume in the inclined screw conveyor:

1 - drive shaft; 2 — screw working body; 3 — given bulk material volume; 4 — casing;
5 — trajectory of bulk material motion in the medium speed mode (mode of transporting and mixing)

When the conveyor operates in the medium speed
mode, the bulk material is mixed and transported
simultaneously.

Taking into account the contact of the given bulk
material volume A with the auger’s screw surface and the
cylindrical surface of the casing, the placement is
determined by the radial parameter R and the angular
parameter 6.

PosrngHemo cepeaHbOLIBUAKICHUA peXum poboTu
KOHBeepa, nMpu SAkoMmy BigOyBaeTbCsa  OOHOYacHe
3MillyBaHHSA Ta TPAHCMOPTYBAHHS CMIMKOro maTtepiany.

I3 yMOBM KOHTaKTy BWAiNeHoro o06’eMy CUMKOro
maTtepiany A 3 TrBMHTOBOIO MMOBEPXHEID LUHEKa Ta
UMNIHOPUYHOIO MOBEPXHEK KoXyxa, 1 PO3MilleHHs
BM3HAYaETLCHA pafianbHuM napametTpom R i KyToBUM
napameTpom 6.
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Fig. 2. - Motion trajectories of the given bulk material volume in cross section of casing
in the fast speed 1 and medium speed 2 modes as compared

In parametric form, with sufficient approximation, the
coordinates of the given bulk material volume A are
determined by the dependences:

B napameTpuuyHoMy BUIMAdi, 3  [OOCTaTHbOW
anpokcuMalLi€eto, KoopanHaTK BUAiNeHoro 06’emMy CUMKoOro
maTepiany A BU3Ha4alTLCA TaKUMU 3aNeXHOCTAMM:

X, = (R—d)-cos0+d cos”6;

Yy, =R-sing; @
_ T,(wt-0)
A 27 '
Oe:

Where:
Xa, YA, Za, — coordinates of the given bulk material
volume, m; R — radial parameter of the given bulk
material volume, m; 6 — angular parameter of the given
bulk material volume, rad; w — angular speed of working
body rotation, rad/s; t — time, s; d — parameter that
determines the displacement of motion trajectory of the
given bulk material volume in medium speed mode as
compared with the fast speed mode, Tn - step, mm.

Parameter d is the function of angular speed of
working body rotation, the inner radius of casing, and the
transported material properties. The angular speed of
working body rotation increases, the parameter d
decreases. The inner radius of casing increases, the
parameter d increases as well. In fast speed mode d=0,
this parameter can be determined with the use of
parametrical dependences based on experimental
research.

Motion speeds of the given bulk material volume
related to the auger along the axes x, y, z:

XA, YA, Za, — KOOpAMHaTW BuAineHoro o6’emy CuUnkoro
mMaTepiany, M; R — papgiansHuin napameTp BWAINEHOro
ob’emy cwunkoro matepiany, M; 6 — KyTOBMI napameTp
BuAineHoro o6’eMy cunkoro matepiany, pagd; w — KyToBa
wBmnaKicTe obepTaHHs LWHeka, pagl/c; t — vac, c; d —
napameTp, WO BW3Ha4ae 3MILLEeHHs TpaekTopii pyxy
BUAINeHoro o6’emy CunKkoro maTepiany npv
CepeaHbOLLBUAKICHOMY PEXUMI Bif LUBUOKICHOTO PEXMMY,

MM; TO - KPOK BUTKIB, MM.

MapameTp d € dyHKUiEl0 KYTOBOi  LUBMAKOCTI
obepTaHHA LWHeKa, BHYTPIWHLOIO pafiyca Koxyxa Ta
BMacTUBOCTEN TPaHCMOPTOBAHOrO MaTepiany, npu YoMy
i3 36iNbLUEHHAM KyTOBOI LUBUAKOCTI 0BepTaHHsA LUHeka
ue napameTp 3MeEHLWYeTbCA, a npu  36inbLUeHHI
BHYTpPILLIHLOrO pagiyca kKoxyxa — 36inblyetbcs. [Mpu
weuakoxigHomy pexumi d=0. Ller napameTp MoOxHa
BM3HAYMTN 32 EeMMiPUYHUMUN 3aneXHOCTAMW Ha OCHOBI
eKcrneprvMeHTanbHNX AOCTIAXEHb.

LWenakocti  pyxy BugineHoro o6'emy  cunkoro
mMaTepiany BiJHOCHO LUHEKa B HanpsiMKy ocew X, Y, Z:
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where Xa» YVas Zas. projections of motion speed of
the given bulk material volume on the axes of
coordinates xyz, m/s.

Xiur Viur Zau projections of motion speed of the
working body on the axes of coordinates xyz, m/s.

As the casing is motionless, the motion speeds of the
given bulk material volume related to the casing along
the axes X, y, z equal:

INMATEH:-- dq ricultural anqmcctmq

X, = X3 = Xy
Y1 = YA_ y;Lu; )
Z.1 = Z'A_Z.lu’

X z . .
ne TA? Yar Zas. NPOoeKLii LUBUAKOCTI pyxXy BUAINEHOro
ob’emy cunkoro marepiany Ha OCi KoopauHaT Xyz, M/C;

Xt Ve Fiu - NpoeKuii WBMAKOCTI pyxy LUHeKa Ha
OCi KOOpAWuHaT Xyz, m/c.

OcCKinbkn  KOXYX HEpPYXOMWW, TO LWWBWAKOCTI  pyxy
BuAineHoro o6’emy curnkoro mMatepiany BiJHOCHO KOXyxa B
HanpsiMKy OCeMn X, Y, Z, [OPIBHIOIOTb:

X, = X,;
Yo=Ya (3)
Z, =1,
L . . [Npoekuii  WBWMAKOCTI Xy BuUAINeHoro o6’em
The projections of mot!on speed (.)f the given bulk CVII'IKOpFO maTepiany 3Ha)?c})/namo, nmcbepeHuiroroq%
mater_lal volume are defined by differentiating the pisHsHHS (1) ANS  3aranbHoro  BUNagky,  Komw
equation (1) for the general case, when R # const : R = const :
- d(R-d . dé d(d . do
Xp :gcose—(R—d)-sm 9-—+Qcosze—2d cos@sing—;
dt dt dt dt
- dR . do
Yyo=—=Sin0+R-cos@-—; 4)
dt dt
- T do
Z,=—|o—:
27 dt
Motion speed of screw working body is determined by WBuaKicTs  pyxy TBUHTOBOrO pPOGOYOro  Opramy
dependences: BM3HAYAEMO 32 3aNEXHOCTAMU:
X, =R-wsing,
Y,, = R-@c0s8, (5)
2, =0.

According to (2) and taking into account the

dependences (4) and (5), we develop the formulas:

- dR .
=—sSind—-R-cosg-

g

)

_To
Y

déo

‘E]'

X, :MC080+R~Sin9~(w—d—0j
dt dt

3rigHo 3 (2), BpaxoBytouu 3anexHocti (4) i (5),
3HaxoAMMO:

+d§n99§+
dt

d(d)

cos® & —2d cos@sin «9%—?;

(6)



Vol.47, No.3 /2015

The modules of motion speed of the given bulk
material volume are determined by formulas:
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Mogayni WBKAKOCTI pyxy BUAiNeHoro o6’eMy CUMKOro
mMaTtepiany BM3Ha4aeMo 3a hopMynamu:

|8, =X +Y; +2f @)
18, =X+ Ya+1Zn . ®)

Inserting the equations (4) and (6) into (7) and (8),
and hypothesizing that the casing has a cylindrical
shape with R = const, d = const, after the cuts, we get
the formulas:

MigctaBnstoun pisHaHHA (4) @ (6) y (7) i (8),

npuiMarodn OONyLLEHHs, Wo Xonob Mae unniHgpuyHy

copmy,  npu
CKOPOYEHb, OTPUMAEMO:

ubomy R=const, d=const, nicns

: 2 2
|s,| = RerTL2 (m—@J +2Rdsin26( -—
4nt dt dt

2
J—(l 2c0s0) +d?sin 9(‘3 j (1-2co0s0)* (9)

An? dt

2

2 2
|2|_J (dej +T—°(m—@j +2Rd sin? 9(2 j (1-2cos0)+d?sin 6[?1 J (1—2cos0)? (10)

The acceleration of the given bulk material volume
is determined by differentiating the equation (6) when
R=const; d=const.

=Rcos6—

(4 de(
dt

< de

dt
T, d’0

7
N 2 dt?

RESULTS

The numerical and experimental research as well as
the research presented in the work [8] prove that the
stable mode of transportation is set regardless of the
initial conditions of transportation after the passage of
transitional mode zone.

The stable mode of transportation in medium speed
mode of conveyor (fig.3) should be considered, In this

m—@ —Rsin0—-+dcos6
t dt? dt?

¥ =Rsin 9—(@——tj + Rcos6—-

MpuckopeHHss  BuaineHoro  o6’eMy  cuvrnkoro
matepiany BU3Ha4Yaemo, AMdEPEHLiloIYN PIBHAHHSA (6)
npu R=const; d=const.

2
d”6 de+d5m9ﬂ+

d2

2
+2d [sm (6)—e —C0S (6)—9— 2co0s0sin 6%)

d%0 (1)

dz’

PE3YJIbTATU

Pesynbtatm 4nMcnoBuMx Ta eKCnepuMeHTanbHUX
OOCTiIXKEeHb, a TakoX AOCNiMKEeHb, NpeACTaBreHUxX B
poGoTi [8] cBiguaTb, WO He3anexHo Big MO4YaTKOBUX
YMOB TPaHCMOPTYBaHHS MIiCrisi  NPOXOAXKEHHS  30HU
nepexiqHOro pexumy BCTAHOBIHETLCA  CTabiNbHUN
peXunm TpaHCNOpTYBaHHS.

PosrnaHemo ctabinbHWin pexuM TpaHCnopTyBaHHA
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mode the bulk material is transported along the complex y cepeaHbOLIBMAKICHOMY KOHBeepi (puc. 3), B sSIKOMY
screw trajectory; and when the bulk material is lifted to CUMKMIA MaTepian pyxaeTbCsl MO  CKNaaHiid rBUHTOBIN
the upper point, the following conditions are actual: TPaekTopii i ANA Akoro npu nigHiMaHHi BaHTaxy A0
2 _ const = -0 _o R = const BEPXHbOI  TOYKM  AiMCHI  ymoBM: —— =cCONst=a, ,

I - W T ’ e ’ d_ _ 0 drR _O R — const @qto d _ const
——==0, d=const, where @, - angular speed of a2 - ’ - T !
prddins ey Gaisilen, e Ae (@, - KyToBa LWBMAKICTb OBEpPTaHHA  CUMKOro

matepiany, pag/c.

Fig. 3. - Motion trajectory of the given bulk material volume in medium speed mode of conveyor R=55 mm, w=15 rad/s.

Under the acceptable conditions from (6), the Mpu npuitHATUX ymoBax 3 (6) 3Haigemo npoekuii

projections of motion speed of the given bulk material LIBMAKOCTI PyXy BUAINEHOTO 06'€My CUMKOro Marepiany
volume related to the auger on the axis of coordinate BIAHOCHO LUHEKA Ha OCi CUCTEMIN KOOPAUHAT XyZ

system xyz can be developed

X =R-sin(at)-(0-,)+dsin(a,t) o, -2d cos(a,t)sin(w,t) o,;

Jy=—R-cos(at)-(0-a,); 12)
T,
2,="(0-w,).
2r
Projections of motion speed of the given bulk Mpoekuii WBMAKOCTi pyxy BMAINEHOro o6’emMy CUMMKOro
material volume related to the casing on the axis of mMatepiany BiHOCHO KOXyxa Ha OCi cucTemMmn KoopauHat
coordinate system xyz: Xyz:
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Modules of motion speed of the given bulk material
volume are determined by formulas:
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%, = (R—d)-sin(a,t)-w, —2d cos(a,t)sin(ot)o,;
¥, =R-cos(a,t)-a,; (13)

Z,

Mogayni WwBMAKOCTI pyxy BUAINEHOro 06’eMy CUMKoro
maTtepiany BU3Ha4aeMO 3a BMpasamu:

2

NEY o

4r?

(0-w,)" +2Rdsin’(o,) (0-o, o, (L-2cos(,)) +d*sin®(,) (o, )’ 1-2cos(w,))’ (14)

2

Is,| = \/RZ (0,) +I—7‘_)C2(co—cog)2 +2Rdsin?(w, )(o, )’ (L-2c0s(, ) +d?sin? (o, )(o, )’ L-2c0s(wm, ))? (15)

Based on the formula (15), the graphics of changing
the motion speed of the given bulk material volume in
time related to the casing in medium speed mode of
conveyor (fig. 4) are developed:

S, . mic

0.46

0.44

0.42

0.38

0.36[%

0.34

0.32

0.3

0.28

0.24

0.22
0

Ha ocHoBi cdopmynu (15) 6ynosaHi rpadiku 3miHW
LUBMAKOCTI pyXy BuaineHoro ob’emy cunkoro marepiany
BiJHOCHO KOXyXa Yy CepAHbOLUBUAKICHOMY pexumi
KOHBeepa B 4vaci (puc. 4)

L — 1

05

1.5 2 2.5 3

Fig. 4. - Graphics of changing the motion speed of the given bulk material volume in time related to the casing in medium
speed mode of conveyor R=0,055m, T0=0,11m: 1 - n=90rpm; 2 - n=120rpm; 3 - n=150rpm

Acceleration of the given bulk material volume is
determined by equations:

MpuckopeHHst BMAineHoro 06’'eMy cunkoro marepiany
BM3HAYaEMO 3a PIBHAHHAMMU:
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X =Ra, cos(at)(w-w,);
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8

y=Ra,sin(a,t)(0-o,); (16)

Z=0.

Based on the graphics in Fig. 4 we conclude that
the speeds of bulk material transportation periodically
change when the screw conveyor in medium speed
mode are used. This fact intensifies the process of
mixing.

CONCLUSIONS

1. The engineering technique of determining the nature
of loading on the elements in medium speed mode of
screw conveyor, on the casing and the screw working
body in particular is developed. The speeds of bulk
material transportation periodically change when the
augers with axis motion are used. This fact improves
the process of mixing the bulk materials.

2. The analytical dependences to determine the
parameters during transportation of the given bulk
material are developed. These dependences can be
widely used in designing the screw transport and
technological systems.
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Ha ocHoBi rpadikiB puc. 4 MOxHa 3pobuTn
BMCHOBKM, LLIO MPW 3aCTOCyBaHHi MBUHTOBMX KOHBEEPIB
Ha CepedHbOLUBUAKICHUX — pexumax  BiabyBaeTbes
nepiognyHa 3MmiHa LIBMAKOCTI MEpPEMILLEHHS CUMKOro

maTtepiany, WO cnpuse  iHTeHcudikauil  npouecy
3MiLlyBaHHS.

BUCHOBOK
1. PospobneHo iHXeHepHy MEeTOAUKY

BCTaHOBMNEHHS XapaKkTepy HaBaHTaXXeHHS Ha enemMeHTU
Ha  CepedHbOLUBUAKICHOMY — pPeXuWMi  FBUHTOBOMY
KOHBEEPI: Ha KOXYX Ta Ha rBMHTOBMIN POBOYMI OpraH.
BcTaHoBneHo, WO NpW 3aCTOCYBaHHI LUHEKIB 3 OCbOBUM
pyxom BigbyBaeTbCH KONMBaHHSA LUBWAOKOCTI
TPaHCMOPTYBaHHS, LIO MOKPaLlye YMOBMW 3MilLlyBaHHS
CUMKMX MaTepianis.

2. BuBegeHO aHaniTuU4yHi 3anexHOCTi ANs BM3HAYeHHS
napameTpiB Mig Yac nepeMileHHsa BuaineHoro ob’emy
CUMNKOro mMatepiany, Lo MOXHa LUMPOKO BMKOPUCTOBYBAaTU

npuv NPOEKTYBaHHI rBUHTOBMX TPaHCNOPTHO-
TEXHOSOTYHNX CUCTEM.
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