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Abstract: The procedure of high-speed conveyers
optimization based on nonlinear problem where the
minimization of materials consumption of high-speed
spiral conveyors is achieved at initial absolute choice of
kinematic and dynamic parameters minimizing the
conveyor power capacity is developed.

The parameters change is restricted by range of
definition, represented by generalized function. The
calculation procedure of rational constructional
parameters and conveyors-mixers operating regimes is
developed. It consists of ten main stages including
derived analytical dependences.

Keywords: vertical screw (spiral) conveyor, optimization,
objective (target function), constraints function.

INTRODUCTION

Screw conveyors are getting more and more
widespread in manufacturing processes dealing with
granular material transporting as they are characterized
by simple construction, and correspondingly, high
reliability, easy use and adjustment when applied in
automated systems, environmental friendliness due to
their tightness [1],[3],[4],[10]. High-speed conveyors are
applied for versatile unloading-loading units aimed at
load transporting both on horizontal, inclining and vertical
paths. The existing methods of their calculations are
based on a number of theoretical and experimental
investigations [1],[3],[4],[10], and also on statistical data
analysis of their operating results. [1],[2],[3],[4].[9],[10].
The statement and solution of the problem to choose
optimal parameters of flexible conveyor providing its
material [4], [5] and power [6, 7] consumption minimizing
are well known. But this statement doesn’t allow to get a
solution of optimization problem of screw conveyors as
interconnected system.

The problems of different machine parts optimization
are considered in the research of A. Hryhorjev [3], B.
Hevko, R. Rohatynsky [4], V. Loveikin [6], O. Rohatynska
[7], 1. Hevko [8] and others. Nevertheless, taking into
consideration variety of technological processes and
design of screw transporting- technological mechanisms,
the problem of optimization needs further study and
specification of various parameters having theoretical
and practical value.

The purpose of the paper is to develop a complex
task of parameter optimization where minimization of
material consumption of high-speed screw conveyor is
achieved at initial absolute choice of kinematic and
dynamic parameters, minimizing the conveyor power
capacity.

MATERIALS AND METHODS

The important factor while choosing conveyors for
versatile transfer complexes is to determine the sphere of
their usage, namely dealing with transportation of certain
granular materials. As, according to [7], minimal limit of
energy intensity of screw conveyor is defined by
coefficient of load friction to spiral surface, then the main
requirement of conveyor design is its ability to transport
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Pe3trome: Po3pobrieHo MemoOuKy ornmumizauji LeUOKOXIOHUX
mpaHcriopmepie Ha OCHOBI HESTIHILIHOI 3a0adyi & sKit MiHiMi3aujis
MamepiarioMicmKocmi WeUOKOXIOHO20 28UHMOB020 KOHBEEDI8
Odocsieaembesi  ripu  noriepedHboMy  be3ymosHoMy — eubopi
KiHeMamuyHUX ma QuHaMiYHUX rapamempis, Wo MiHiMI3yromb
EHEPEOEMHICITIb KOHBEEPA.

Ha 3miHy nrnapamempie Hakria0eHo OOMEXeHHsT K
3adatomb  obriacmb  8u3HayeHHsl, siKka npedcmaesrneHa
y3azarbHeHo OyHKUErO. PospobrieHo MemoOuKy
PO3paxyHKy pauioHarbHUX KOHCMPYKMUGHUX rapamempie i
pexumie pobomu KoHeeepig 3miwlysadie y euansdi decsamu

OCHOBHUX  emarnie 3  eugedeHUMU  aHasimuYyHUMU
3aNEXHOCMSIMU.
Keywords:  eepmukasbHuli  28UHMOSUl  KOHeeep

onmumisauisi, Uiriboea ¢hyHKUIsi, GhyHKUJT OBMEXKEHHSI.

NEPEOMOBA
Ona  TexHonoriyHUX ornepauii  NepemilleHHs  CUMKOro
BaHTa)Xy BENMMKE  PO3MOBCIOMKEHHS  Habymu  rBUHTOBI

KOHBEEPW, SIKi XapaKTEPU3YHOTLCS MPOCTOTOK KOHCTPYKL Ta,
BiQMOBIAHO, BMCOKOK HaAiMHICTIO, MPOCTOTOID B KOPUCTYBaHHI

Ta nerkicTio  aganTyBaHHS  MPU  BUKOPWUCTaHHI B
aBTOMAaTU30BaHMX CHUCTEMAX, EKOMOMYHICTIO BUKOPUCTaHHS
BHacnigok  ix  repmetnaHocti  [1],[3],[4],[10].  Ons

yHiBepcanbHMX PO3BaHTaXKyBarbHO-3aBaHTaKyBarlbHNX
KOMMIEKCIB, SKi NPU3HaYeHi Ans TPaHCMOPTYBaHHS BAHTaXY, SK
Mo rOpPU3OHTanbHUX, MOXMNMX, TaK i BepTUKanbHWX Tpacax,
BMKOPUCTOBYIOTb  LUBUAKOXiOHI MBUHTOBI KOHBEEPW. ICHYytoui
MeTOOM X pO3paxyHKy IPYHTYIOTECS Ha psfi TEOPETUYHUX Ta
ekcriepymeHTanbHux  gocnimkens [1],[3],[4],[10], a Takox
aHanisi CTaTCTUYHNX OaHUX 3a pesynbTaTtamu ix ekcrinyarauii
[1],[21,[3],[41,[9],[10]. Binomi noctaHoBKa Ta pO3B’A30K 3afaui
BUOOPY onTMManbHUx napameTpis MK 3 ymoBy MiHiMi3aLLii rioro
mMatepianomicTkocTi [4], [5] Ta eHeproemHocTi [6, 7]. MpoTe Taka
MOCTaHOBKA HE J03BOSSIE OTPUMATU PO3B’SI30K OMTUMI3ALHOI
3afadi rBUHTOBKX KOHBEEPIB, SIK B3AEMONOB'sI3aHOI CYCTEMM.

MuTaHHaM  onTuMi3auii  pisHMX  MEexaHisviB  MaLuvH
npucesideHi  npaui  puropesa AM. [3], Tlesko bB.M,
PoratuHcekoro P.M. [4], INoeelikiHa B.C. [6], PoratnHckkoi O.P.
[7], Teeko IB. [8 Ta iHwux. OpHak, BpaxoByO4M
PI3HOMAHITHICTb TEXHOSOMYHUX MPOLIECIB | KOHCTPYKTUBHOIO
BUKOHaHHsA MTM, nuTaHHs onTumisauii noTpebye noaanbLmnx
JOCripKeHb | YTOYHEHb PI3HUX MapameTpiB TeOPeTUYHOro 1
NPaKTU4HOIO 3HAYEHHSI.

Meta poGoTM € po3pobrieHHss KOMMMeKcHoi 3agaui
napameTpUYHOI onTumisaui B AKIN MiHiMi3aLjs
MaTepianoMiCTKOCTi  LUBUAKOXIOHOMO IBUHTOBOMO  KOHBEEPIB
JocsiraetbCsl Npyu nornepegHsoMy  6e3ymMOBHOMY — BUOODI
KIHEMaTUYHUX Ta AWHAMIYHUX MapameTpiB, WO MiHIMI3yTb
€HEeproeMHICTb KOHBeEPa.

MATEPIAI | METOOUKA

BaxmwmBoo  ymoBolO npu  BUOOpi  KOHBEepiB  Ans
YHIBEpCArbHNX nepeBaHTaXyBarlbHUX KOMIIEKCIB €
BCTAHOBMEHHs1 00rnacTi iX BWKOPWUCTaHHS,, 30Kpema  LUoJo
TPaHCMOPTYBaHHSI MEBHOIO AjanasoHy CUMKX BaHTaxkiB. OCKiNbKM,
3riaHo [7], MiHiManbHa Mexa eHEepProeMHOCTI MBUHTOBKX KOHBEEPIB
BV3HAYaETLCA KOeILIEHTOM TepTs BaHTaXKy 4O MOBEPXHI cripari,
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load under unfavorable conditions. In such a case we'll
consider the most unfavorable, for power consumption
purpose, is vertical position of screw conveyor.

Efficiency of load transportation by screw conveyors,
according to [1], [3], [10], is determined by the
dependence N=p; g Q (W, L+H), either for vertical screw
N=p; g Q Wy where p5 - volume mass (bulk density) of
load in flow; g- gravity acceleration; Q- conveyor volume
output; W, and Wy - coefficient of resistance of load
transportation; L and H - transportation length and height
of load lifting accordingly, for vertical conveyors L=H.

The energy intensity w is given, which determines
energy consumption to transport a unit of load mass per
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TO BM3HAYANBHOK YMOBOK MpW MPOEKTYBaHHI KOHBEEPA € MOro
CMPOMOXHICTb  TPAHCTIOPTYBaTM  BaHTaXX 3  HECTPUATIIMBAMM
BnacmeoctaMu. [pu upomy Oyaemo po3misigatM  HanoinbL
HECTpUATIIMBE, 3 TOYKM 30py EHEpreTMdHMX 3aTpal, €
BEPTVKaribHe PO3MILLIEHHS TBUHTOBOTO KOHBEEPA.

MOTYXKHICTb  TPaHCNOPTYBaHHA BaHTaXy BUHTOBUMM
KoHBeepamu, 3rigHo [1], 3], [10], Bu3Ha4atoTb 3a 3anexHicTio
N=p-gQ(W_ L+H), u1 ansa BepTvKanbHuXx LHekiB N=p,gQWH
, e pr - 06'eMHa Maca (HacunHa ryctuHa) BaHTaxy B NMoTowy; g
- MPVCKOPEHHS 3EMHOIO TSXKIHHS; Q - 06'eMHa NPOAYKTMBHICTL
koHBeepa; WL Ta Wh - KoedilieHT onopy nepeMmilleHHto
BaHTaxy; L Ta H- BignosigHO AOBXVHA TpaHCMOPTyBaHHA Ta
BMCOTa NiA¥oMy BaHTaxy, ANA BeptvkanbHux K L=H.
MpvBeoeHa €eHeproeMHICTb W, LIO BMU3HAYaE EHEepreTUdHi
3aTpatm AN MepeMilleHHs OOMHMLI Macu BaHTaxy Ha

unit of length accordingly, for vertical screw conveyors: OAVHULIO  [OBXWHM,  BiOAMOBIAHO — Ans BEPTUKaNbHOTO
MBYHTOBOrO KOHBeEpa byae:
w=N/Q-L) = p,gW, @

In expanded form the energy intensity factor for
vertical screw conveyors the formula is:

V\IH

where g, - flow angle of arrival under gravity influence;
P, = Do), /(2g) - flow specific speed, determined by load
rotational speed in flow @, against screw axle of diameter
D . The above-mentioned factor is connected with conveyor
specific  speed  coefficient P =Dw’/(2g) by the
dependence P, = PCE/(1+C/,)Z. Here C, - the coefficient

(number) of kinematic similitude of screw transportation
C,=tga-tg(a+¢,), where ¢, - angle of friction of cargo to

the screw surface.
The paper [7] shows that the minimal possible
theoretical level of power capacity factor W, depends

only on the load friction factor on the screw surface g,
and for its change interval 0,3<0y <1 is approximated
by the dependence.

B posropHyTOoMy BUMMsAQi ANs BEPTUKANbHUX MBUHTOBKX
KOHBeEPIB KOewiLEHT Oropy 3anMcyeTbCs BUPa3oM:

14,Ps (tg e + 19 ;) cos B, 2

tga 193, '

ae [, - KyT Haxusy TPaekTopil MOTOKY Nif, BISMBOM TSDKIHHS,
P, =D« /(2g) - koedillieHT LUBMOKOXIQHOCTI MOTOKY, LUO

BU3HAYaETLCS KyTOBA LUBMAKICTE 06epTaHHsi BaHTaXy B MOTOLL
@, BIOHOCHO OCi WHeKka ajameTpoM D, Lo nos'asaHuii i3

koediLlieHToM  LIBMOKOXIOHOCTI  KoHBeepa P, =Dw?/(29)

3anexHicTto PS=PC§/(1+Cﬂ)2. Tyt Cﬁ - KoeQoilieHT

KiHEMaTW4YHOi  MOAiOHOCTI  MBMHTOBOTO  TPAHCMOPTYBaHHS,
C,=tga-tg(a+@,),Oe @, — KyT TepTs BaHTaXY [0 BIHTOBOI
MOBEPXHi.

B poGoti [7] nokasaHo, WO MiHIMaNbHO MOXIMBUN
TEOPETUYHMIN PiBEHb KPUTEPIlo eHeproemMHocTi W, 3anexutb

TiNbKW Bi KoediLiEHTY TepTs BaHTaXy MO MBUHTOBIN NMOBEPXHI
lWHeka 4, | Ana iHTepsany woro 3miHM  0,3<0y <1

anpoKCUMyeETbCA 3anexHiCTIO.

W, =2,30+6,64z +1916/7 ®)

Such a minimal value is achieved under condition
when dimensionless criterion of dynamic similitude
Sc, =w, /w, where o, - conveyor critical angle speed
and screw lifting angle with external diameter « are [7]:

Sc, (1) =0,3+0,144;

Accordingly, all other dimensionless criteria of screw
transportation, namely the coefficient (number) of
kinematic similitude C,, minimizing the conveyor power
capacity, will also definitely be determined by the
friction factor 4, =tge,. Taking into consideration all
above mentioned we’ll optimize vertical screw
conveyors according to their material consumption

under condition of minimal power consumption of load
screw transportation.

As material consumption factor of screw transporting-

Take MiHiManbHe 3HAYeHHS OOCAraeTbCs 3a YMOBW,
Kornn ©6e3po3MmipHMI  KpUTEpi AMHaMIYHOT NoAiGHOCTI

Sc,=w,/w, De o, - KpUTUYHA KyTOBa LUBMAKICTb
KOHBeepa Ta KyT nignomMy rBUHTA 3a 30BHILLHIM
fdiameTpoMm a HabyBatloTb 3HaYeHb [7]:

tgar = f (1) =0,25-0,144 . (4)

BignoBigHO | 3HaueHHs1 BCiX iHLLMX ©e3po3mipHi KpuTtepiiB
MBUHTOBOIO TPAHCMOPTYBaHHS , 30KpeMa KpUTepito KIHEMaTUYHOT
nogioHocti C s K MIHIMI3yIOTb E€HEpProeMHICTL  KOHBEEPA,

Oyoym TaKOK  OAHO3HAYHO BU3HaYaTUCh Tako
XapaKTEPUCTUKOIO BaHTabKY, SIK KoediLieHTOM TepTs 1, =tg @, .
3 BpaxyBaHHsM BWKOEHOrO MpOBedeMO  OMTVMI3ALLo
LUBWOKOXIIHOTO ~ BEPTVKANbHOTO  KOHBeepa 3@ Moo
MaTepianioMiCTKCTIO 32 YMOBM  MiHIMarbHOI  €HEepProEMHOCTI
MBMHTOBOIO TPAHCTIOPTYBAHHS BAHTaVKY.

104
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technological system, similarly to [4], [5], we'll take the
ratio value of conveyor-mixer mass to the unit length of
the given efficiency Q. Material consumption factor at

the given efficiency is used for the case when this
criterion is one of the principal (for mobile systems) and
the transportation function is the basic one. In this case
the problem of conveyor material consumption
minimization is determined according to the criterion
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3a KpuTepin MaTepiarioMiCTKOCTi MBUHTOBOI TPaHCMOPTHO-
TEXHOMOMYHOI  cuctemy, aHarorivHo [4], [5] npuimMaemo
BESMYMHY BIJHOLLIEHHS Mack KOHBeepa-3MiLLlyBaya OAMHWUYHOL
JOBXWMHM  33faHoi  nmpogyktveHoctTi Q. Kputepin  3a
MaTtepianoemMHICTIO, Ans  BUNaAKy 3adaHoi  MPOOYKTUBHOCTI,
BUKOPVCTOBYETLCA AN BUMSAKY, KOMW TakuiA dakTop € OaHNM i3
BM3HaYarnbHMX  (ana  MOGinbHMX  cuctem) | cpyHKUIS
TPaHCTOPTYBaHHA € AOMiHyto4ot0. B LsoMy Bunagky 3apada

MiHiMi3aLLi MaTepiariloeMHOCTI (BaprocTi) KoHBeepa
BM3HAYaETLCA 3a KpUTEpiEM
F=aV,+aV, +aV, > min, (5)

where V,,V,,V, — volumes of mixer sleeve, helical spiral
and center shaft correspondingly; p, - material density
(or their prime cost) of which «, - sleeve, «, - helical
spiral and «, - center shaft are made. Volumes of
sleeve, helical spiral and mixer center shaft of unit
length are found according to [4]:

V, =8,D(1+2k, +S,/D); V, =HD(A—k, J1+1/k, ;V, =5,D(k,-S, /D),

where S, - sleeve wall thickness; S, - hollow shaft wall
thickness; H - spiral thickness; k, - gap (between spiral

and koxyxom) factor, according to load characteristics is
assumed that k, =2z/D=0,21-0,23; k, - helix lead

factor T, k;, =T/D=xtgea; Kk, - coefficient estimated
by the ratio of internal d and external D diameters of
helical spiral k, =d/D.

The following technological, constructional and license
limitations are in the form of inequations f, <0 and
equations g; =0 to determine the optimal parameters

of vertical high-speed screw conveyors. In particular,
technological constraints are described in [4], [5] in
detail, so we use main of them without any change:

1. The necessary condition for the efficiency we need
Q is found from the known dependence:

f,=-D>*(1—k2)+

where - coefficient of efficiency, in the first

11,
approximating of the conveyor-mixer space filling which
also takes into account the koxyxa diameter increase
comparing to the spiral diameter; @ - screw angular
velocity.

2. Technological requirement of spiral fabrication of strip
breakdown [4], [5]:

f,=—k, + 7’ +1-¢2, I 4, <0,

f,=—k, + 7> +1-¢2 I7¢, <0,- permissible

coefficient of metal elongation inequality, determined
by coefficient of elongation ¢, =(1+25,).

where

3. Technological requirement of providing the strip
resistance while spiral making is known [4], [5]:

105

fe V,V,,V, — BignosigHo o6'eMun koxyxa 3millyBaua;

TBMHTOBOI Cripari Ta UeHTpanbHoro eana;, p, - ryCT1Hu
martepianis (4u ix cobiBapTiCTk), 3 AKOTO BUrOTOBINEHI o,
- KOXYX, a, - TBUHTOBa cripanb Ta «, - UeHTpanbHui

Ban. O6’em koXyxa, rBUHTOBOI criparni Ta LeHTpanbHoro
Bana 3miwyBaya OOWHWYHOI [OOBXMHW, BiAMNOBIAHO
BW3HA4YaeTbCs aHanorivyHo [4]:

(6)

ne S, - TOBLMHA CTiHKM KOXyXa; S, - TOBLUMHA CTiHKA
nycTortinoro Bana; H - TosLUmHa cripar; k, - koediLieHT 3a3opy
MDK Criipariio Ta KOXKyXOoM, NPUAMAETBCA 3MOHO XapaKTepucTUK
BaHTaxXy k, =2z/D=0,21-0,23; k; - koediLjeHT Kpoky T

cripani, k, =T/D=7xtga; K, - KOEMILIEHT, LLO OLIHIOETLCA
BiJHOLLIEHHAM BHYTPILLHEOrO d i 30BHiLWHBOTO D AiameTpis
rBuHTOBOI cniparni, k, =d/D . Ha Bu3HaYeHHa ontumaribHIX
napameTpiB BEpTUKANBLHVX LLUBMOKOXIOHNX MBUHTOBKX KOHBEEPIB
HaKMagalTbCA  Tak  TEXHOSMOMYH,  KOHCTPYKTMBHI  Ta
eKcrinyatauiiHi obmexeHHs y BurnsAai HepieHocten f, <0 Ta
piBHAHE g, = 0. 30Kpema TexHororiuHi OBMEXEHHs [eTarisHO
onmcaHi B [4], [5] | ToMy BUKOPVCTOBYEMO OCHOBHI 3 HUX 6€3 3MiH:

1YmoBa 3abesnedeHHss MOTPIOHOI  npomyKvBHOCTI  Q

BM3HAYaETLCS i3 BiOOMOI 3arEXHOCTI :

8Q
ki, @

<0,

)

Ae ¢, - koediLieHT NPOAYKTUBHOCTI, B MEPLUOMY HabmvpKeHH

HamnoBHEHHSA MPOCTOPY KOHBEEPa-3MilllyBaya, LLIO BpaxoBye
TakoX 30inNblUEeHHs JdiaMeTpa  KOoXyxa, MOPIBHAHO i3
AiameTpom cnipari; @ - KyToBa LUBUAKICTb LLUHeKa.
2.TexHonorivHa ymoBa  (POPMOYTBOPEHHS i3
MOJIOCOBOI 3aroToBky, [4], [5]:

cnipani

(8)

ae f,= _kd T 7 +1- ¢02m1 /ﬂ-¢(>zm <0,- AonycTmuiA

KoediLjeHT HepiBHOMIPHOCTI  BUAOBXEHHA MeTany, Lo
BU3HaYaETLCS KOEMILIEHTOM BUOOBXEHHS ¢, = (1+25,)° .

3.TexHorioriyHa ymoBa 3abe3nedeHHs CTIMKOCTi CMyrv Mpu
BUIrOTOBMEHI cniparni € Bigomoto [4], [5]:

on
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f, = D(l—kd)—Z?HsO,

where & - permissible specific thickness of a helical
spiral workpiece after rolling & 0.02...0.03 after
winding 6 = 0.05...0.07

4. For long conveyors the condition is introduced to
provide hollow sleeve endurance at rotation by torsional
moment on stiff shaft T;=N/w :

f, =S, (k,D)’(L+k,S, /D) +

where permissible torsional stress of shaft

[z,1-
material.

5. Providing condition of helical spiral endurance while
in operation:

K

5

where K., — trial coefficient; E —Young’'s modulus.

6. Condition for the calculated friction factor g, choice,
taking into account the most unfavorable conditions:

Constraints gj=0, imposed on design and

technological parameters of screw conveyor are:
Compatibility of screw surface lead angle and minimal
power consumption condition (4). Compatibility of
dynamic similitude factor and minimal power
consumption condition

9; :/u?Pksclgl _kp tg(a+¢1) =0.

After transformations the given condition looks like

0, = 1,D@”(0,3+0,124)*(1— 0,254 +0,14£7) — 20k, (0,25+0,924) =0 .

where kp - flow reduction coefficient, is observed and

in the first approximation is adopted k, =1.

As basic design and technological parameters of screw
conveyors, i.e. as independent changeable components
in screw conveyors optimization we’ll take those as in
the known optimization models: x, =D - sleeve

external parameters; X, = @ - angular rate of rotation

of helical spiral x,=tga=T/(zD) - helix angle tg

determined by helical spiral pitch T ; X, =k;=d/D _
coefficient estimated by correlation of internal d and

external Ddiameters of helix spiral; 55l helix spiral
thickness. Besides, we’ll introduce the parameter
determining the characteristics of screw transporting

schedule Xs =#4 =9% _ cajculated value of load friction
factor to spiral surface.
Xkoptimizing the objective

Search of parameters

function Fo at constraints is similarly to

CT

f7::ul_lumaxso'
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DH3EM-k,)
T

_cr - %7 <0,
JI+k; 2=
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9)

e o - ponyctuma nutomMa TOBLUMHA 3aroTOBKU
rBUHTOBOI  cnhipani, OTPMMaHOI  npokaTyBaHHAM
6=0,02..0,03, oTpnmaHoi HaBuBaHHsIM & =0,05...0,7.

4. [Ins poBrmx KOHBEEPIB BBOAATb YMOBY 3abe3neyeHHs
MILHOCTi NyCTOTINOro Bana npu Kpy4YeHHi KpyTUMbHUM
MOMEHTOM T, = N/w Ha Bany:

TZ

<0, (10)

p

Ae [r,,]- AonycTMMe HanpyXeHHs Kpy4eHHst maTepiany

Bana.
5. YmMoBa 3abesneyeHHs CTIMKOCTi rBMHTOBOI cnipani B
npoueci poboTu:

(11)

ae K, -eKkcrnepumeHTarnsHuin koedilieHT; E - mogyns FOHra.

6. YmoBa BMOOpY pO3paxyHKOBOrO 3HaYeHHs koedilieHTa
TepTa 4, , BUXOAAYM i3 HAMBINbLL HECTIPUATIINBIX YMOB:

(12)

ObmexeHHa g; =0, L0 HaKraaaloTbCA KOHCTPYKTUBHI Ta

TEXHOMONYHI NapaMeTpX MBUHTOBOrO KOHBEEPA MatoTb Takwi
BUIMISA.

BignosigHicTs kyTa mig¥ioMy BMHTOBOI MOBEPXHi YMOBI
MiHIManbHOI eHEProeMHOCTI 3riaHO (4). BionosigHICTL KpuTepito
AVHaMIYHOI NOAiBHOCTI yMOBI MiHIMArBHOI EHEPrOEMHOCTI

(13)

Micna nepeTBopeHb JaHa yMoBa HabyBae BUrnsiay

(13a)

ne k, - KoedilieHT NpuBEAEHHS 0 NOTOKY, BU3HAYaETLCS
€KCMEePUMEHTArbHO i B MEpLUOMY HabnvpKeHi NpMnMaeTbea
ko =1.

3a OCHOBHI KOHCTPYKTMBHI | TEXHOMOrYHi MapameTpu
TBMHTOBMX KOHBEEPIB, TOOTO 3a HesanexHi 3MiHHI mpu
ONTUMI3aLi MBMHTOBMX KOHBEEPIB NpuAMeMO Taki, sK i Yy
x=D -
fiaMeTp KOXyXa, X, =@ - KyToBa LBWOKCTL 0BepTaHHs

BiJOMMX OMTUMI3aLIMHUX MOAENSX: 30BHILLIHiN
FBMHTOBOI criparni X, =tga =T /(zD) - TaHreHc KyTa nigiomy
T3
X, =k, =d/D - koediljeHT, WO OLIHIOETHCA BiOHOLLEHHAM

BMTKA, LIO BW3HAYaETLCS KPOKOM MBMHTOBOI  criparii
BHYTPilWUHLOrO d i 30BHilWHLOTO D AiameTpiB MBUHTOBOI
cripani; X; =H - ToBWMHA rBuHTOBOI cripari. KpiM uboro,
BBEAEMO MapameTp, LU0 BM3HAYAE XaPAKTEPUCTUIKA PEXVMY
FBMHTOBOIO TPAHCTIOPTYBaHHA X, = £ =1 ¢, - PO3paxyHKoBe
3HaYeHHs1 KoedoiLieHTa TepTS BaHTaXXy A0 NOBEPXHI Cripari.
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[4, 5], using Kuhn-Tucker conditions, when for the
nonlinear programming problem in the given setting

there are the following multipliers Ui 20, i=1,2,..n,
that Ufi=0  gng  9P0U)IOX :0, where
(p(xj,ui): F +iui f.
i=1
Constraints 9, =0 are used for the problem order

reduction, i.e. for the independent parameters number
reduction.

Objective function (factor of quality) in the given
nonlinear programming problem, taking into account (5)
and (6), is put down in this way:

INMATEH:-- 6‘9 ricultural cgnqmcctmq

Mowyk napameTpiB X, , LLIO OMTUMI3YIOTb LIiNboBY COYHKLIHO
F, npv 3apaHnx obmexentsix f, <0, g; =0
LUyKaemo, aHaroridHo [4, 5], 3 BuKopuCTaHHAM yMoB KyHa-
Takepa, 3a kMMM NS 3apadi HeMiHIMHOMO MporpamyBaHHs B
[JaHi NoCTaHOBLY iCHYIOTb Taki MHOXHUKK U, >0,i=1,2,...n,
wo u; f; =0 i 0e(x,u;)/0x; =0, pe (p(xj,ui): F0+iui f, .

OGmeseHHs g, =0 BUKOPWCTOBYEMO Arisi SMEHLLIEHHST
PO3MIpHOCTi 33dadi, TOBTO Anst 3MEHLIEeHHsI KiNbKOCTI
He3anexHux napamMmeTpis.

DyHKLIA MeTn (KpuUTepih AKOCTI) B AaHin 3agadi
HeniHiHOro NporpamyBaHHs, 3 BpaxyBaHHsM (5) Ta (6),
3anuwemo B TakoMy BMIMAAi:

Fy =[S (L+k, + S, /X1)+a2X5(l—X4)\/1+1/X3 + 0S¥ (X, — Sy /%,)] - (14)

Thereafter, the parameters satisfying the optimum
conditions and unknown parameters can be found from
the equations set.

oF, < of;
_— . — = , U,fIZO
x. +§(ul+axj) 0

J

a(p(xj,ui)/axj =

RESULTS AND DISCUSSION

New conditions introduction g;=0, providing low
energy-consuming operating modes of conveyor, which
allow to have a new parameter x;=w out the linear
programming problem solution, so it doesn’t change the
solution structure of the very optimization model and
calculation schemes for determining the optimal
parameters, shown in [4], [5], but only makes them
more specific. Accordingly, we are finding the solution of
the optimization problem similar to [4], according to two
calculation schemes with primal constraints on conveyor
capacity and additional constraints on technology of
spiral making and on the shaft strength (for long
conveyors). Accordingly, we define the following order
of searching of optimal design values and technological
parameters of high-speed screw conveyor:

1. According to technical specifications of transportation
to provide all load nomenclature processing f,=0,
therefore.

From situation g:=0 angle of screw ascent is
determined a = 0.25 on external diameter, minimizing
the power parameters of transportation and lead
coefficient.

BignosigHo, napameTpu, WO 3a40BOMNbHAOTL YMOBU
ONTUMYMY Ta HeBIAOMi KoedilieHTW, LyKaeMo i3

cuctemu PiBHSIHb aw(xj,ui)/axj =@+§(Ui +ﬂ) -0,
ox; A OX;

uf, =0.

PE3YJIbTATU

BeeneHHs HoBux ymoB g; =0, wo 3abesnedytotb

MarioeHeproemMHi  pexummm  pobotn KoHBeepa, [03BONSE
BMBECTU HOBUI NapameTp X, =@ 3a MEeXi po3B’A3Ky 3adadi

NiHIMHOrO nporpaMyBaHHA a TOMY He 3MIHIOE CTPYKTYpY
PO3B’A3Ky CaMOi OMTMUMI3auiiHOI MoAeni Ta pPO3paxyHKOBI
CXeMM BM3HAYEHHS ONTUMaribHUX NapameTpiB, HaBEAEHOI B
[4], [B], a Tinbkn KoHKpeTu3ye ix. BignosigHo, po3B’A30K
ONTUMI3aLHOI 3aaadi NPOBOAMMO aHanorivHo [4], 3a ABoma
pO3paxyHKOBUMM CXeMamM 3 OCHOBHMM OOMEXeHHsM 3a
MPOAYKTUBHICTIO KOHBEEPaMW i AOAATKOBUM OOMEXEHHSIM
3a TEXHOMOTIEID BUIOTOBMEHHS Criipani 1 3a MILHICTIO Bana
(s poBrux koHBeepiB). BignosigHO, BU3HAYaeMo Takui
nopsAoK MOLLYKY OMTUMAIbHNX KOHCTPYKTVBHO-
TEXHOMOMYHMX NapameTpiB  LUBMAKOXIOHOTO FBUHTOBOTO
KOHBeepa:

1. 3a TexHi4YHMMM yMOBamu TPaHCMOPTYBaHHA ANS
3abe3neveHHss nepepobkn BCi€i HOMEHKNaTypy BaHTaxiB
npunmatotb f, =0, 3BiaKK

lulzlulmax' (15)

BusHavatotb i3 ymosn (J; = O «yT ninftomy reuHTa
a=0,25 no 30BHIWHLOMY AiaMeTpy, WO MiHiMi3ye

€HeprocunoBsi  napamMeTpu  TpaHCMOPTyBaHHA  Ta
KoeiLieHT KPOKyY

tgar=0,25-014,,,, - (16)
k; =T/D=rtga. 7)

In case, when kr<ktmin, we adopt that tg a = kr/ .

If purpose-built conveyor is designed for transportation
of only one kind of load with friction factor y;, then

tg a = 0.25-0.1y, is adopted.

2. From situation g>=gs=0 conveyor power speed
coefficient is determined:

Y Bunagky, kKomnm k, <k

o IPMAMAEMO  tga =k, /77 .
Ao nNpoekTyeTbCs  crewujanizoBaHW  KOHBEEP  Ans
TPaHCMOPTYBaHHS  TiMbKW  OOHOTO  BWAY BaHTaxy 3

KoediLlieHTOM TepTs i, , TO NpuiMatoTb tg a = 0.25-0.1; .

2. 13 ymoBn g»=0g3=0
LUBMAKOXIQHOCTI KOHBEEpa:

BM3Ha4alTb KoedilieHT
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_ Ko tg(a + @) _
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K,(0,25+0,9.1)

/stcn2

3. From technological situation f;=0 the ratio kg of

screw internal and external diameters is found

 14,(0,3+014)°(1— 0,25, +017)

(18)

3. I3 TexHomnoriyHoi ymoBy f1=0 BW3HAYalOTb CrBBIOHOLLEHHSI
Kk, MDK BHYTPILLIHIM i 30BHILLIHIM JjameTpamu criipani

ky =7 +1-4;, 174, <0, (19)

4. From the equation set solution f;=0 and g3=0 at the
given efficiency rotating speed is found:

[ 7g0°tga - P2 (1—k2)(L-Sc,)

4. 13 po3g’ssky cvictemm piBHsHb f1=0 Ta g3=0 3a 33maHo
MPOLYKTVBHICTIO BU3HAYAOTb KyTOBY LLBUAKICTb.

2= QU+C,)

where Kw(u1) - depends only on p; and is found by
simplification of the previous one taking into
account the values Py, Scy, and Cg.

5. Screw internal and external diameters are found

T |9,9°A-kg)
=52 , (20)

Ae Kw(ly) - BUpas, WO 3anexuTb Tinbkv Bif |1 | OTPUMYETHCA
CMNPOLLIEHHAM MOMepeaHLOro i3 BpaxyBaHHAM 3HaveHb Py, Sci,
TaCpg.

5. Bu3Ha4atoTb 30BHILLHIN | BHYTPILLHIN giameTp cnipani

1/5~1/10
9"7Q" Ky (1)
D=y 2Pkg/a)2 = 1/10 211/10 ° (21)
/’lZ (Du (1_ kd )
6. Lead of a helix is determined by the dependence 6. Kpok cnipani Bu3Ha4aeTbCs 3a 3anexHicTo
T=kD. (22)

7. Spiral internal diameter (shaft diameter), as such

7. BHyTpiLLmHiit AiameTp cripari (aiameTp Bana), BiarosiaHo

d =de=DV7[2+1_ ()ZUn /7[¢00n' (23)

8. Spiral thickness from the situation f,=0

8. ToswwHa cnipani i3 ymosn f, =0

H=5(D-d)/2. 24)

For specific spirals, namely for elastic spirals, values
H=6(D-d)/2 are inspected on the conformance to
situation f,<0.

9. Axial velocity of load transportation according to
[6], [7] is determined by the dependence

n

10. Vertical conveyor transportation capacity,
providing the efficiency Q of length L at load
transporting, by bulk density p»

_To 1-Scp

27 1+C,

Ons cneuianbHix cnipanei, 3okpema gnsa cripanen 3
enacTMyHnX marepianis, 3HaveHHs H=56(D-d)/2 nepesipstoTs
Ha BignosigHicTs ymosi f, <0.
9.0cb0Ba LWBWAKICTL TPAHCMOPTYBAHHST BaHTaxKy 3rigHo [6], [7]
BU3HAYAETLCA 3a 3ANEXHICTIO

(25)

10. MoTyxHICTL TPaHCMOPTYBaHHA BEPTUKABHOMO KOHBEEPA, LLIO
3abe3nedye  npomykwBHicTe Q  pgomxuHolo L mpwu
TPaHCMOPTYBaHHi BaHTaXY, HACUMHOIO NYCTUHOKO O

Pn gQLCﬂ (Scn + C/} )3

N = p,gQLW =

Behavior of vertical screw conveyor angular
velocity and its spiral diameter, minimizing the
conveyor power capacity at different rheological
properties of load, is shown on fig.1.

Scy (L+C, )L— S ) tg? @/ (Sc, +C, )2 +(1-Sc, )2 tg? o

(26)

Xapaktep 3MiHM KyTOBOI LUBWMOKOCTI BEPTMKAIbHOM

rBUHTOBOrO KOHBEEpa Ta AiameTpy Woro cripani, Lo
MiHIMI3ytOTb
PEOororYHMX BNAacTUBOCTSAX BAHTAXY, HABEAEHWIA Ha puC.1.

€HEProEMHICTb ~ KOHBEEpPa  MpY PIi3HUX
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Fig. 1. Change of rational value of angular velocity

o) =wQ(M) _,
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and spiral extemnal screw diameter D(z4) = DD(mL) ,

M (b) from load friction ratio to the spiral (sleeve) surface, ﬂl =u 5 » forthe given conveyor efficiency

In case of long screw conveyors their shafts
bear heavy torsion load, hence the received values
d are tested on limits.

At its violation the internal diameter
determined by the approximating dependence

is

d

Further the spiral external diameter is specified

D. = 3/d2Di,1 +£ ,
ki,

where values Di; and wi.; are taken from the previous
calculations.

At significant difference of values Di; and D; the
coefficient kq=d/D is specified and calculated value of
angular velocity w is specified according to dependence
(20).

For horizontal and low falling high-speed screw
conveyors there is no critical angular speed, hence the
parameter Sc=0, and a rational angle of helical spiral
lifting versus friction factor is determined graphically,
e.g. according to [8].

In case of loading-unloading transporting screw
systems, having two screw conveyors — loading and
unloading, the normal working condition is to provide
more efficient unloading conveyor Q, than a loading
one Q; at any conditions, that is

where A - safety margin A =1.2...1.3 depending on the
working conditions.

Qimax - is reached at horizontal position of loading
conveyor, and Qamin - at vertical one of unloading
conveyor.

B 2kyM,,
7ZSd[TKp] .

Q2min = j“leax ’
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[Ona poBrux TrBMHTOBUX KOHBEEPIB iX Banu
HECYTb 3Ha4Hi KpYTHi HaBaHTaXeHHs, a ToMy
oTpUMaHi 3Ha4YeHHs d nepesipsaTb Ha
BiANOBIAHICTL OOMEXEHHIO .

Mpu WRoro nopyweHHi BHYTPIWHIA JgiameTp
BU3Ha4alTb N0 HABNMXEHIN 3anexHOoCTi

(27)

B noganblioMy yTOUHIOIOTb 30BHILLHIN AiaMeTp chipani

(28)

e 3HadeHHs Dijp
pO3paxyHKiB.

Mpn 3Ha4yHOMY pO3XOMKEeHHi 3HayeHb Di; Ta D
YTOUHIOTE  KoedildieHT kg=d/D Ta  yTOYHSAOTb
poO3paxyHKOBE 3Ha4YeHHS KYTOBOi LUBUAKOCTI @ 3rigHO
3anexHocTi (20).

Ona  ropusoHTanbHMX Ta HU3BKO  HaXUIEHUX
LUBUAKOXIOHWX FBUHTOBUX KOHBEEPIB HE iCHYE KPUTUYHOIT
KyTOBOi LIBMAKOCTI, a Tomy napametp Sc=0, a
pauioHaneHU KyT niguomy rBMHTOBOI cnipani B
3anexHocTi Big KoeqiuieHTy TepTa BM3HAYaeTbCs
rpaciuHo, Hanpvknag 3rigHo [8].

Y BuUNagky 3aBaHTaxyBaribHO-PO3BaHTaXXyBanbHOI
TPaHCMOPTHOI  FBMHTOBOI CUCTEMM, HKa Mae [Ba
rBUHTOBMX KOHBEEPU — 3abipHuiA i BUBaHTaXyBanbHUIA,
yMOBa ii HOpMmarnbHOi poboTy nonsrae B 3abe3neyeHHi
NPOAYKTUBHOCTI  BMBAHTaXyBaslbHOTO KOHBeepa Q3
6inbLLOT Hix 3abipHoro Q1 3a BCAKMX yMOB, TOGTO

Ta wi1 OepyTb i3 nonepegHix

(29)

ne A - koediuieHT sanacy A =1,2...1,3 3anexHo Bia
ymoB poboTu.

Q1imax - AOCArAETLCS MPY FOPUIOHTANBHOMY PO3MiLLIEHHi
3abipHoro koHBeepa, a Qamin - NPU BEPTUKANIbHOMY
BMBaHTaXyBarnbHOrO.
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Situation (29) in the first approximating is:

D2 Dzzwz tg Q, (l — San) > //i'(pﬂl Dlza)l tg 4

INMATEH:-- 6‘9 ricultural cgnqmcctmq

YMoBa (29) B nepLuomy HabnuxkeHHi byae

The ratio we received allow to calculate with high
accuracy the optimal constructional and technological
parameters of screw conveyors (SC), providing the
necessary mixture quality at high efficiency of
transportation process.

CONCLUSION

Theoretical basis of optimization of high-speed
conveyers for granular materials transportation is
developed. The nonlinear programming problem is
solved using Kuhn-Tucker conditions.

The procedure of calculations of rational
constructional parameters and conveyors-mixers
operating regimes is developed. It consists of ten main
stages with derived analytical dependences.
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> (30)
1+tge, to(a + @)

OTpumaHi CniBBiOHOLWIEHHSA [O03BONSAKTbL 3 BUCOKOH
TOYHICTIO OBYMCAUTM  ONTUMAarnbHi  KOHCTPYKTUBHI 1
TEeXHOMOriYHi napameTpu rBuHTOBUX KoHBeepiB (MK), npn

AKMX 3abesnevyeTbcs NOTPiIOHa SAKICTb Cymiwi npwu
BUCOKiN edpeKTMBHOCTI MPOLeCy TPaHCNOPTyBaHHS.
BUCHOBOK

Po3pobneHo  TeopeTWyHi  OCHOBM  onTUMiI3auii

LUBMAKOXIAHMX TpaHcnopTepiB AN TPaHCMOPTYBaHHS
cunkux maTtepianie. Po3B’dA3aHO 3agady HeniHinHoro
nporpamMmyBaHHsi 3 BUKOpUCTaHHAM ymoB KyHa-Takkepa.
PospobrneHo meToauKy po3paxyHKy pauioHanbHUX
KOHCTPYKTMBHUX MapameTpiB i pexumiB  poboTu
rBUHTOBMX KOHBEEPIB Yy BWMSAAI AECATU OCHOBHUX
eTanis 3 BMBEAEHNMMW aHAMITUYHUMW 3aNEXHOCTAMM.
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