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Abstract: One of the methods to intensify the process of
drying soybean seeds is to increase the contact area of
the drying agent with the material being dried. This
result is achieved with the unit for pre-conditioning of the
material to dry (patent Ne 87184, Ukraine). The
experimental device is made in order to investigate the
influence of structural parameters of this unit on seed
coat deformation.

The aim is to study the influence of the seed area
deformation coefficient k on speed of the soybean drying
process.

The article provides two mathematical models
enabling to set the time it takes to reach conditional
moisture content of soybean seeds in the drying
chamber with the preliminary deformation of the seed
coat in the unit for pre-conditioning of the seeds before
drying. These models take into account the following
parameters: 1- the initial moisture content of seeds,
quantity of seeds in the loading hopper and geometric
parameters of the device (number of blades on the disk,
the angular velocity of the disk), 2 - original material
moisture content, temperature and velocity of the drying
agent.

The calculation is made and the curves are obtained
providing the following characteristics (at different initial
parameters): 1- coefficient of the seed coat area
deformation k while passing the material through the
device to its preconditioning stage; 2 - change of
soybean seeds drying speed with a certain coefficient k
while drying in a drying unit. The analysis of the results
showed that the coefficient k of seed coat area
deformation significantly affects the rate of moisture
content removal from soybean seeds and confirmed the
feasibility of preconditioning of the material before drying
in this way in order to intensify the process. Also, the
proposed mathematical model allows to establish
rational design parameters of the developed device.

Keywords: device for preconditioning, area deformation
coefficient, drying, soybeans, mathematical model, the
regression equation

INTRODUCTION

The problem of energy saving in agriculture requires
the introduction of new technologies aiming to intensify
processing of agricultural products [7,11].

One of the most energy-intensive processes in
soybean refining is its drying [1,3]. Thus, the study of
methods of cultivation of soybean seeds that ensure fast
and high quality moisture removal at minimum energy
consumption, is important.

More efficient drying of agricultural materials is
enabled through preconditioning. One of such drying
intensification methods of the drying process is to
increase the contact area of the drying agent with wet
material, which in its turn allows more intensive moisture
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Pe3rome: OOHuUM Mmemodis iHmeHcucpikauii npouecy
CYWIHHSI HacCiHHS1 COI € 36inbWeHHs naowi KoHmakmy
CyWUribHO20 a2eHma i3 MamepiasoM, Wo Cywumscs.
Hocazmu makoeo pesynbmamy 00380ss5€e npucmpit
rnonepedHboi  nidzomoeku Mamepiarny 00 CYWiHHS
(Mamexnm Ha kopucHy modenb Ne 87184, Ykpaiva). Ans
OocnidxXeHHs 8rnusy KOHCMPYKMUBHUX rapamempie
daHoeo rpucmporo Ha senu4yuHy Aeghopmauii 06010HKU

HacCiHUHU guzomosrneHa eKkcriepuMeHmarsbHa
ycmaHoska.
Memoro  pobomu €  OocniOxeHHss  ernusy

KoegbiuieHma 3MiHuU nnowi HaciHuHU K Ha weudkicmb
npouecy CywiHHs1 coi.

B cmammi 3anpornioHogaHi 08I MamemamuyHi
moOeri, siki 8 KoMrneKkci d03801510Mb 8CMaHoO8UMU Yac,
HeobxiOHuUli Onsi OocsieHeHHSsT KOHOUUIUHOI 8oro2ocmi
HaciHHAM CcOi 8 cywunbHil Kamepi 3 ronepedHim
OecbopmyeaHHsiM 06OIOHKU 8 pucmpoi 0nsi Md2omoeKku
HaciHHs 00 cywiHHsA. [daHi molderni epaxosyromb maki
napamempu:  l-noyamkoea  eonoeicmb  HacCiHHS,
KinbKicmb rnodaqi HaciHHA 8 3aeaHmaxysaribHull OyHKep
ma eseomempuyHi napamempu MpuUcmMpor (KirbKicmb
nonamok Ha OucKy, Konoea weudkicmb Oucka), 2-
rnoyamkoea eoriozicmb Mamepiany, weudkicmb ma
mewmnepamypa CywuribHO20 ageHmy.

lMposedeHo pospaxyHKUu | 00epxaHo epagbidHi
3anexHocmi, Wo Xxapakmepusylombs  (Apu  Pi3HUX
8UXIOHUX rapamempax): 1- KoegbiyieHma 3MiHU rowi
HaciHuHuU K npu rnpoxo0XeHHi Mamepiany 4epes
npucmpiti  nonepedHboi nideomosku 00 CYWIiHHS;, 2-
3MiHy weudKocmi CywWwiHHSI HaciHHSI Ccoi 3 nesHuUM
KoebiuieHmom k npu CywiHHi 8 CywusbHIl ycmaHo8Ui.
AHaniz pesynbmamie rnokasas, wo koegiuieHm 3MiHU
nnowi HaciHuHU k cymmeso ennueae Ha wWeudKicmb
gudarnieHHs1 8osiloeu 3 HaciHHA coi i nidmeepdus
douinbHicmb nonepedHboi nideomosku Mmamepiany 00
CywiHHs makum criocobom 0ns iHmeHcudbikauii mpoyecy.
BanpornoHosaHa MmamemamuyHa MoOesb  00380719€
8cmaHo8UMU pauioHasnbHi KOHCMPYKMUBHI napamempu
pO3pobreHo2o npuUCMpPoLo.

Knr4yoei cnoea: npucmpiti  dns  nonepedHbol
nideomoeku, KoeiuieHm 3MiHU M7I0Wi, CyWIiHHS, COS,
Mamemamuy4Ha MoOerb, PIBHSHHS peapecii

NMEPEOYMOBA
Mpobrnema  eHepro3GepexeHHss Yy  CinbCbKOMy
rocnogapcrsi notpebye BMNpOBaXEeHHS HOBWX

TEXHOIOriN, CNPsIMOBAHUX Ha iHTEeHcudiKaLilo npouecis
nepepobku cinbcbkorocnogapcbkoi npoaykuii [7,11].
OpoHvM 3 HanbinbWw EeHeproemMHMX MpoueciB y
TexHonorii nepepobkn coi € i cywiHHa [1,3]. Tomy
aKkTyanbHUM € OOoCnigKEHHs1 MeToAiB 0b6pobiTKy HACIHHSA
coi, sk 6 3abe3neyyBanu WBMAKE Ta SIKICHE BUAANEHHS
HaAIMLLKOBOT BOSOMU MPU MiHIManbHUX eHeproBuTpaTax.

3abes3neuntun GinbL edekTuBHe CYLLiHHSA
CiNlbCbKOroCnogapCbkux  Martepianie  go3Bonsie  ix
nonepegHsa nigrotoeka. OgHMM i3  TakMx MeTOAIB

iHTeHcudikauii npouecy CyLwiHHA € 36inblUeHHs nnoLi
KOHTAKTy CYLUMSIbHOFO areHTa i3 BOSMOrMM MaTtepianom,
o, B CBOKW 4epry, dae 3mory Oinblw iHTEHCUBHO
BMBOOUTW  BOMOry BHacnigok BTpaTtM  UiNiCHOCTI
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removal due to loss of integrity of the seed coat [4,10].
The soybean treated in this way (patent Ne 87184,
Ukraine) [5,6] can be used in oil production [2].

During development and design of the devices that
would provide the necessary preconditioning of
agricultural materials for drying, it is necessary to choose
the rational design parameters, tooling, as well as
consider the properties of the material to be processed.
The studies will allow to improve the technical and
economic performance of the dryers.

In order to define the regularity of the influence of
structural and process parameters on the deformation
area of the seed coat (coefficient k) on the drying speed,
it is appropriate to apply the mathematical method of
experiment planning. Development of the pattern that
interconnects the preconditioning device and drying unit
will justify rational mode and design parameters of the
proposed mechanism.

MATERIALS AND METHODS

To investigate the operational mode of the proposed
technology, the stationary experimental unit was
designed under laboratory conditions (Fig. 1).

The unit comprises a housing 4 in the form of a
cylinder, with the observation window on the top. The
disc 8 mounted on a shaft has blades for better
distribution of the seed flow. The metal deck 7 is placed
in the housing, to which the vertical knife plates are
attached ensuring the necessary cut of the seed. The
disk with blades is driven by the electromotor via belt
transmission 2
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30BHILIHBOI 00OMOHKM HaciHuHM [4,10]. O6pobneHa
Takum cnocobom cosa (MaTteHT Ha KoOpuCHY Mopernb
Ne87184, YkpaiHa) [5,6] moxe OyTn BuKOpucTaHa Ans
BUPOOHULTBA onii [2].

Mig yac po3pobku i NpoeKkTyBaHHA NPUCTPOIB, Aki 6

3abesnevyBann HeoOXigHYy nomepefH0  MiAroToBKY
CiNbCbKOrocrnogapcbkux  Matepianis OO0  CYLWiHHSA,
HeobXigHo 3pobuTn Bubip pauioHanbHuX

KOHCTPYKTMBHUX NapameTpis, poboynx opraHis, a Takox
BpaxoByBaTW BMNAacTUBOCTI MaTepiany, 3 SKUM BOHU
B3aeMoAitoTb. [JaHi gocnimkeHHs A03BONATb MiABULWLMTU
TEXHIKO-EKOHOMIiYHi NOKa3HWMKM poboTK CyLLapoK.

3 MeTol BCTAHOBMEHHSA 3aKOHOMIPHOCTI BMMUBY
KOHCTPYKTMBHUX Ta TEXHOMOMYHUX MapamMmeTpiB Ha
BenuumHy Aedopmadii 060NoHKM HaciHUHK (koedilieHT
k) Ta Ha wWBMAOKICTb CYLIIHHSA [OOUINbHO 3acTocyBaTu
MaTemMaTUYHUA  METOL MNaHyBaHHA  EKCMEePUMEHTY.
Pospobka Mopeni, WO B3aEMOMNOB'A3ye napameTpu
NPUCTPOIO  MNIArOTOBKM HACiHHA COI  Ta CYLUWUNbHOI
YCTAHOBKM  [03BOMNUTL  OBrpyHTYBaTW  pauioHanbHi
PEXVMHI i KOHCTPYKTVMBHI mapameTpu 3anpornoHOBaHOro
MeXxaHi3my.

MATEPIAINX | METOOU

[na pocnigXeHHs pexvMy poboTu 3anpornoHOBaHol
TEXHOMOrii B nabopaTopHMx ymoBax oyna
CKOHCTpyMOBaHa  CcTauioHapHa  eKcrnepuMeHTarbHa
ycTaHoBka (dir. 1).

[ana yctaHoBka MicTUTb kopnyc 4 y Burnagi
uuniHAapa, y BEpXHi YaCTUHI IKOro BMOHTOBAHE BiKOHLE
Ans BidyanbHOro cnoctepexeHHd. Ha pgucky 8, dkui
3aKpinneHun Ha Bany, BCTAHOBMEHI NonaTtku, ski
npu3HaYveHi Anst KpaLworo po3noainy NoToKy HaciHHs. 3a
AiameTpoM OMCKy B KOpnyci po3MillieHa meTanesa aeka
7, BO SKOI NPUKPINMeHi BepTUKanbHi HOXOBI NNacTUHU i
3abe3nedvyoTb HeobOXiOHWMI Haapi3 HacCiHWHWM BHacMigoK
yAapy o6 Hux. [lnuck 3 nonatkamm NpMBOAMTLCS B PyX 3a
O0MOMOro0 enekTpoaBuryH 1 yepes nacosy nepegady 2.

Fig. 1 - Experimental unit: a - picture; b - scheme
1 — electromotor ; 2 — belt transmission; 3 — loading hopper; 4 — casing; 5 — unloading tray ;
6 — seed collection container; 7 — cylindrical deck with knife plates; 3 — disk with blades

The material is loaded to the unit through the loading
hopper 3 and removed through the unloading tray 5 into
the seed collection container 6.

Analysis of the literature and previous research
determined the factors that have a decisive influence on
the change of area deformation coefficient k, i.e. the
initial moisture content of seeds, number of seeds in the
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Mogava maTepiany B yCTaHOBKY 3[iNCHIOETLCS Yepes
3aBaHTaxyBanbHuiA OyHkep 3, a 1oro BiOBig4 — 4epe3
BMBaHTaXyBanbHWIM NOTOK 5 y MiCTKiCTb Ans 36opy 6.

AHania niTepaTypHux gxepen Ta nonepegHix
JocnipkeHb  [0O3BONUAM  BCTAHOBUTU  (hakTopu,  sKi
MalTb BM3HaYanbHUWA BNNMB Ha 3MiHy KoediuieHTa k:
noyaTkoBa BOJMOMCTb HACIHHA, KiNbKICTb HACiHHA B
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hopper and geometric parameters of the device (number
of blades on the disk, the angular velocity of the disk).
On drying time tw the initial moisture content of the
material, speed and temperature of the drying agent.

Thus, an experiment was conducted to define the
effect of the studied factors on area deformation
coefficient k (four-factor) and the soybean seeds drying
time (three-factor) (Tables 1,2).

|NMATEH'-8‘q ricultural c\gnqma;unq

OyHKepi Ta reoMeTpUYHi NapameTpy NPUCTPOLO (KINbKICTb
nionaTtok Ha AUCKy, KONoBa LIBMAKICTb Aucka). Ha vac
CYLUiHHA T: noYaTKoBa BOMOriCTb MaTtepiany, LWBWAKICTb

Ta TeMnepaTypa CyLUMIIbHOMO areHTy.

BU

koedivieHta k (4-gpakmopHuli) i Ha

Takum
3Ha4YeHHs

YMHOM,

nposoaunu

eKcnepuMeHT and

BMMAMBY AOCHigXyBaHWX aKTopiB  Ha

Yac CyLWiHHA

HaCiHHSA coi t (3-ghakmopHul) (Tabnuui 1,2).

Table 1
Factors and their levels of variation
Factors
o Moisture Feed Angular velocity Number of blades
Levels of variation W, % Q, kg/hour V, m/s n, pcs
X X, X3 Xy
Upper/ (+1) 23 500 55 6
Basic (0) 19 350 40 4
Lower (-1) 15 200 25 2
Variability interval, & 4 150 15 2
Table 2
Factors and their levels of variation
Factors
o Moisture, The temperature of the drying agent, Velocity of the drying agent
Levels of variability W, % c Vca, m/s
Xl X2 X3
Upper/ (+1) 23 45 2,2
Basic / (0) 19 40 1,9
Lower / (-1) 15 35 1,6
Variability interval, & 4 5 0,3

To reduce the number of experiments and obtain the
regression equation, the mathematical method of the
experiment planning based on Box-Behnken quadric plan
[8,9,12] was used.

Planning stage included the following steps: factor
encoding, scheduling, randomization tests,
implementation plan of the experiment, testing of
reproducibility of the experiments, calculation of
regression coefficients, assessment of the significance of
regression coefficients and adequacy of the test model.

The experiment consisted of 27 tests at threefold
repetition in each of them.

In result, the seed cut was obtained at which the
contact area of the material and drying agent is grown
and moisture removal was intensified.

Deformation coefficient of the seed area is a factor
that reflects the growth in the seed area before and after
the cut. It was determined by the following formula:

k

+AS

[na CcKOpOYeHHsa KinbKOCTI gocnigiB Ta OTpUMaHHS
piBHAHHA perpecii Oyno 3acTtocoBaHO MaTeMaTU4HWN
MeToq nnaHyBaHHS €EKCNepUMEHTY 3a CUMETPUYHUM
HekoMnoauuinHum  nnaHom bBokca—beHkiHa  gpyroro
nopsaky [8,9,12].

MnaHyBaHHA ekcnepumeHTanbHOI poboTK BKMHOYano
HacTynHi eTanu: KodyBaHHA (AKTOPIB, CKNagaHHS
nnaxy - MaTpuui eKCcnepuMeHTy, poHAOMI3aLia Aocniais,
peanisauis nnaHy €eKCrepuMeHTY, nepesipka
BiATBOPIOBAHOCTI  gocnigis, pO3paxyHOK  3HayeHb
KoedilieHTIB perpecii, ouiHKa 3HaYyLoCTi KoedilieHTiB
perpecii Ta nepeBipka adeKBaTHOCTI  OTpUMaHOI
MaTtemaTU4HoI Moaeni.

EkcnepumeHT cknagaBca i3 27-m  gocnigiB - 3a
TPUKPATHOI NOBTOPHOBAHOCTI Y KOXXHOMY 3 HUX.

Y pesynbTarTi po6oTun eKcnepuMeHTanbHol
yCTaHOBKM OyB 34iICHEHWA HaApi3 HaCiHWHKM, WO
npu3BoauTb A0 30iNbLUEHHS NMOL KOHTaKTy maTtepiany
i3 CyWWnbHUM areHToM Ta IHTEHCUBHOCTI BuOANeHHs
BofiorM  nig  4yac  npoBefdeHHs  TpudaKTOPHOro
E€KCNEPUMEHTY.

KoediuieHT 3MiHM nnoLli HACiHWMHM - Le NOKa3HWK,
AKM Bigobpaxae NpWpICT NMoLWi HaciHWHW A0 i micns
Hagpi3y. BiH BU3Ha4aBcs 3a HAcCTynHoOK YOPMYnoto:

S

beg

: 1
S 1)

beg
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where S, - initial seed area before cut;

beg

AS - area growth after the seed cut.

The samples with moisture content 15%, 19%, 23%
were selected, with maximum coefficient k. These
samples were used for the three factor experiment.

The method of the three factor experiment is to dry
the soybean up to 12% (with different coefficient k) at
speed and temperature of the drying agent determined
during experiment planning. In the experiment, the time t
was recorded during which the excessive moisture was
removed from the deformed soybean.

The experiment consisted of 15 tests based on the
threefold repetition in each of them.

RESULTS

Experiment results were processed using the
software based on Mathcad.

1. Four-factor experiment. Homogeneity of

variances tested was evaluated by the Cochrane
criterion. Since,

G®'*=0.187<G""(0.05;27;2) =0.198

the process is reproduced.

During the determining of confidence intervals for
regression coefficients, the Student test was used,
tabulated value of which at a 5 -% level of significance
and the number of degrees of freedom of variance of
experiment reproducibility was f;=2 is = 4.3 [8,9].

The significance of regression coefficients was tested
according to the established confidence intervals and
covariance.

As a result, the regression equation acquired
form:

the
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e SW - noyaTKoBa NoLa HaciHUHK 00 Haapiay;

AS - npupicT nnow, Wo yTBOPUBCS NiCnst Haapisy
HaCiHWHW.

Y pocnigax Bigbupanuca 3pasku 3 BonoricTio 15%,
19%, 23%, Ans akux koediuieHT Kk 6yB MakCMManbHUM.
JdaHi 3pa3kn BUKOPWCTOBYBanNWUCA [Ansi NPOBEOEHHS
TPMAKTOPHOro EKCNEPUMEHTY.

MeToauka npoBefeHHs TpudakTopHOro
eKcrnepuMeHTy nondrana CywiHHi coi o 12% (3 pisHum
KoediuieHToM k) Npy BU3HAYEHUX NIAHOM EKCNEPUMEHTY
WBMAKOCTI Ta TemnepaTypi CyLWWNbHOTO  areHTy.
lMpoTarom BCbOro ekcnepumeHTy pikcyBaBCcA 4Yac T 3a
AKMA  BiAOynocs BMAANEHHs HaANULIKOBOI BoOrorn 3
0edopmMoBaHOro HaciHHSA Coi.

ExkcnepumeHT cknagaesca i3 15-m  pgocnigis  3a
TPUKpPaTHOI NOBTOPKOBAHOCTI Y KOXXHOMY 3 HUX.

PE3YIIbTATU

O6pobka OaHuMx  pe3ynbTaTiB  eKCNepuMEHTIB
3qiMcHIoBanaca 3a AOMNOMOrow Mporpamu, CTBOPEHOI Y
cepeposuwi Mathcad.

1. YomupugpakmopHuli  exkcriepumeHm.  OUiHKY
OAHOPIAHOCTI paay AUCMepcin nepesipsanu 3a Kputepiem
KoxpeHa. Ockinbku,

GP?=0,187< G"*""(0,05;27;2) =0,198,

TO NpoLec BiATBOPHETHCS.

Mg vyac Bu3HaAYyeHHA  JOBIpYMX  iHTepBanis
koediuieHTIB  perpecii  BMKOPUCTOBYBanun  KpuTepin
Cr'iopeHTta, TabnuyHe 3HaveHHa sKkoro 3a 5-% piBHA
3HAYyLWOCTi Ta 4uchi CTyneHiB BIiNbHOCTI Aucnepcii
BigTBOpPtOBaHOCTI gocnigy fi=2 ctaHosuno t=4.3 [8,9].

MepeBipky  3HauywocTi  KoediuieHTIB  perpecii
npoBoauNM  3a  BCTaAHOBMEHWUMW  iX  JOBIpYUMMU
iHTepBanamMmu Ta KoBapiauisiMu.

Y pesynbTarti piBHSIHHSA perpecii Habyno surnagy:

y =1,005+1,251-107 - x, —9,086-10* - x, +2,228-107 - X3 + 6,292-10* - x; - X3 —

—5267-10* - X, - X3 —1,026-10% - x? ~119-10* - x2 -5178-10* - x3

where: X; - encoded value of moisture of soybean seeds;
X, - encoded value of amount of the fed soybean seeds;
X3 - encoded value of the angular velocity of the disk;

X, —encoded value of the number of blades.

Adequacy test of hypotheses of obtained regression
equation was performed by the Fisher criterion. The
estimated value of this criterion in the dispersion of

inadequacy Sﬁwdeq. =4,211-10" and dispersion

S§:4,869-1O'4 reproducibility of the experiment was:

F®@ = 9189. Tabular value of Fisher's exact test

adopted by the 5 -% of significance, according to [8,9],
was: F'(0,05; f,; f;) =19,5 where f, = 17 number of
degrees of freedom variance inadequacy f =2- the
number of degrees of freedom variance reproducibility of
the experiment.

Since, F%=9,189< F'®"(0,05; f,; f,) =195 the

hypothesis by the adequacy of the regression equation is
confirmed.

Final regression equation of the factors acquired the
form:

94

)

ne:
X2

X3

X4

X1 — KOfloBaHe 3Ha4YeHHsi BOMOroCTi HaCiHHA COl;
— KOJOBaHe 3HAYeHHS KinbKOCTi mogadi martepiany;
— KOJoBaHe 3Ha4YeHHs KOJOBOI LUBUAKOCTI AUCKA;

— Ko[joBaHe 3Ha4YeHHS KiNbKOCTi FIonaTok.

MepeBipky rinoTe3an agekBaTHOCTI  OTPUMAHOro
piBHAHHA perpecii npoBogunu 3a kputepiem diwepa.
PospaxyHKoBe 3HaYeHHSA 4aHOro KpuTepito npu aucnepcii

S2 - =4211107 i

HeaaekBaTHOCTI Head.

avcnepcii
BiATBOPIOBAHOCTI gocniay 85 =4,869-1O'4 CTaHOBWIO:
F£o%- =9,189. TabrnmyHe 3HadYeHHs kpuTepito diwepa 3a
npuiHaToro 5-% 3HauvywocTti, 3rigHo [8,9], cknano:
F4%-(0,05; f,; f,)=19,5 pe f. = 17 - uucno cryneHis
avcnepcii  HeageksaTHocTi;, f =2-
CTYMeHiB BiNbHOCTI AUcnepcii BiaTBOPIOBaHOCTI Aocniay.
F o =9,189< F %" (0,05; f,; f,) =195
afeKBaTHOCTI PiBHSAHHS perpecii

BiNbHOCTI yucrno

Ockinbku,

TO rinotesa
nigTBEPAXYETLCS.

OcTtaTouHO piBHSAHHA perpecii i3 dakTopamun vy
HaTypanbHOMY BUIMsAi Habyno Burnagy:
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k =0,0000033- Q +0,000074-V +0,0023-W +0,00104-n 5,29V ? —
—0,000064-W? —0,00013-n? —2,341-Q -V +0,0000105-V -W + 0,974

where: Q- amount of the fed soybean seeds, kg/ h;
V - the angular velocity of the disk m/s;
W — moisture content, %;
n — number of blades on the disk.

In order to track the dynamics of the coefficient k the
response surfaces (Fig. 2, a-f) were constructed.

The analysis of regression equation determined that
the change in the coefficient k is mostly affected by the
initial soybean moisture content W and angular velocity
drive V, and, in a less degree, the amount Q of fed
soybean seeds and number of blades on the disk n.

Considering the obtained response surfaces
according to equation of regression and previous studies,
we can conclude that the optimal values of the studied
factors under which the maximum acceptable value of
the coefficient k is obtained were: initial moisture content
of soybean W = 17 ... 19%, the angular velocity drive V=
35...45 m/s, feeding Q = 200 ... 300 kg/h and the number
of blades n = 4.

Q=200 xr/roz
1008 Q=350 xr/rog

Q=500 xr/roz

@)

ne:Q - nogava HaciHHs coi, Kr/rog;
V - KonoBa LWBKAKICTb Ancka, M/c;
W - Bornorictb, %;
N — KiNbKICTb NIONATOK Ha ANCKY.

[Ona BigcnigkoByBaHHA AMHAMIKW 3MiHWM BENUYUHA
koedpiuieHTa k 6ynu nobynosaHi noBepxHi Biaryky (dir.
2, a-f).

B pesynbTarti aHanisy PiBHAHHSA perpecii
BCTAHOBSEHO, WO Ha 3MiHY BENUYMHK KoeddilieHTa 3MiHn
nnowi kK HanbinbwMn NNMB Mae novaTkoBa BOMOriCTb COl
W Ta konoBa wWBMAKICTb Aucka V, i, B MeHLWin Mmipi,
KinbkiCTb mogadi Q HaciHHA coi i KiMbKICTb NONaTtok Ha
ancky n .

3Baxaroun Ha odepxaHi 3rigHO 3 PIBHAHHAM perpecii
NnoBepxHi BIOryKy, a TakoX nonepegHi LOCMioKEHHS
MOXHa 3pOOUTN BUCHOBOK, WO ONTMMarbHi 3HAYeHHs
pocnigxyBaHux daktopiB npu sikux Oyge oTpumaHo
MaKkcumarnbHO AONYCTUME 3HaYeHHs KoediuieHTa 3MiHu
nnowi k cknanu: no4atkoBa Bonoricte coi W=17...19%,
nogava

KornoBa wBMAKicTb aumcka V=35...45 wm/c,
Q=200...300 kr/rog, Ta KinbkKicTb nonaTok n=4.

Fig. 2 - Response surface of the area deformation coefficient k depending on:
a) initial soybean moisture content W , angular velocity of the disc V at feeding quantity Q=200;350 and 500 kg/hour and number
of blades n=4; b) angular velocity of the disc V, feeding quantity Q at initial moisture content W=15;19 and 23 % i n=4;
¢) seed moisture content W and feeding quantity Q at the blade quantity n=2.4 and 6 and disc angular velocity V=40 m/s;
d) feeding quantity Q, number of blades n at seed moisture content W=15.19 and 23% and V=40 m/s;
e) disc angular velocity V, number of blades n at moisture content W=15.19 and 23% and feeding quantity Q-350 kg/h;
f) quantity of blades n, seed moisture content W at disc angular velocity V=25.40 and 55 rpm and Q=350 kg/hour.

2. Three-factor experiment.

After the four-factor experiment was carried out, the
samples were selected with the required W value, with
maximum k coefficient: W=23% - k=1.0055; W=19% -
k=1.0053; W=15% - k=1.003.

Homogeneity of variances was tested by the Cochrane
criterion.

Since,

G*°=0.176< G*™"(0.05:15;2) =0.335 the process is
reproduced.
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2.  TpugbakmopHul ekcriepumeHm.

Micna NpoBeAEHHS 4OTUPUAKTOPHOTO
ekcnepumeHTy Oynu BigibpaHi 3pasku 3 HeobXigHVMMM
3HadyeHHsaM W, makcumarbHi 3HadeHHs KoediuieHTa k
ona  sakux cknann: W=23% - k=1,0055; W=19% -
k=1,0053; W=15% - k=1,003.

OuiHKy 0aHOPIAHOCTI psdy Avcnepci nepesipsanu 3a
kputepiem KoxpeHa. Ockinbku,

GP*? =0,176< G™“*(0,05:15;2) =0,335, To npouec
BiATBOPHETLCS.
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During determining of confidence intervals for
regression coefficients, the Student test was used,
tabulated value of which at a 5 -% level of significance
and the number of degrees of freedom of variance of
experiment reproducibility was f;=2is t = 4.3 [8,9].

Test for the significance of regression coefficients was
performed according to their established confidence
intervals and covariance.

As a result, the regression equation acquired form:

y=12,222+3292-x, —4.25- X, —0,278- 7 +1,306- X3 +1,889- X2

where: X; - encoded value of moisture of soybean seeds;
X,- encoded value of the temperature of the
drying agent;
X3 - encoded value of the velocity of the drying
agent
Adequacy test of hypotheses of obtained regression
equation was performed by the Fisher criterion. The
estimated value of this criterion in the dispersion of
inadequacy Sﬁ,adea =1.982 and dispersion 83 =0.259
reproducibility of the experiment was: F%%=7.645.
Tabular value of Fisher's exact test adopted by the 5 -%
of significance, according to [8,9], was:
F@"(0.05; f,; f,)=19.38 where =8 number of
degrees of freedom variance inadequacy f, =2- the
number of degrees of freedom variance reproducibility
experiment.

Since, F%®=7.645< F®"(0.05; f,; f,) =19.38 the
hypothesis by the adequacy of the regression equation is
confirmed. Final regression equation of the factors in the
species acquired the form:

r=1,48-W —0,017 -W? +0,052 -t* -5,029 -t + 20,99 -V.2 - 79,76 -V, +183,67

where:
t - temperature of drying agent, °C;
V¢a — Velocity of drying agent, m/s;
W — moisture content of soybean seeds, %.

In order to track the dynamics of the drying time, the
response surfaces (Fig. 3, a-c) were constructed.

The analysis of regression equation has determined
the fact that the change in the drying time t is mostly
affected by the initial soybean moisture content W,
temperature of the drying agent tc; and, in a less degree,
the feeding velocity of the drying agent V..

Considering the obtained response surfaces and
previous studies, we can conclude that the optimal
values of the studied factors with the minimum
acceptable value of the drying time were: initial moisture
content of soybean W=17..19%, area deformation
coefficient k=1.0053, temperature of the drying agent
tca=42...45°C and feeding velocity of the drying agent Ve,
=1.9-2.0 m/s.
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Mig yac BM3HayeHHs  OOBipYMX  iHTepBanis
KoediuieHTiB  perpecii  BUKOpPUCTOBYBanu  KpuTEPIn
Cr'iopeHTa, TabnuyHe 3HayeHHs AKoro 3a 5-% piBHS
3HaAYyWOCTi Ta u4ucni CTyneHiB BINbHOCTI Aucnepcii
BigTBOptoBaHocTi gocnigy f1=2 craHosuno t=4,3 [8,9].

MepeBipky  3HadywocTi  koedilieHTIB  perpeci
nposoaunu 3a BCTAHOBNEHNMU iX  poBipunmu

iHTepBanamu Ta KkoBapiauigMmu.
Y pesynbTarti piBHSIHHA perpecii Habyno surnsaay:

4

Ae: X;— KofoBaHe 3Ha4eHHs BOMOroCTi HaCiHHA COof,

Xy — KOOOBaHe 3Ha4YeHHs TemnepaTypu CYLUUNbHOrO
areHTy;
X3 ~ — KoOOBaHe 3Ha4yeHHa LWBWAKOCTI CYLUUNBLHOrO
areHTy.

MepeBipky rinoTe3an agekBaTHOCTI  OTPUMAHOro

piBHAHHA perpecii npoBogunu 3a kputepiem diwepa.
PospaxyHKoBe 3Ha4eHHs 4aHOro KpuTepito npu aucnepcii
Hea1eKBaTHOCTI S2 . =1,982 i Avcnepcii
BiATBOPIOBAHOCTI  gocrnigy S§=O,259 CTaHOBWIO:
F P9 =7,645. TabnuyHe 3HauYeHHs KpuTepito diwepa 3a
npuiHaToro 5-% 3HauvywocTi, 3rigHo [8,9], cknano:
F’"“m'(0,0S; f,; f,)=19,38 me f, = 8 - uncno cryneHis
BiNMbHOCTI gucnepcii  HeapeksaTtHocTi; f, =2- uucno
CTYMEHiB BiNbHOCTI AUCnepcii BiaTBOPIOBAHOCTI Jocriay.

Ockinbkn, F 7% =7,645< F™(0,05; f,; f,) =19,38
TO rinotesa afeKkBaTHOCTI PiBHAHHS perpecii
NigTBEPAXYETLCS.

OcTaTtoyHO PpIBHAHHA perpecii i3  daktopammn y
HaTypanbHOMY BUrNAAi Habyno surnagy:

®)

ae:
t - TemnepaTtypa cywmnbHoro areHTy, °C;
V¢a — WBWUAKICTb CYLUUIBHONO areHTy, M/C;
W — BonoricTb HacCiHHS coi, %.

[ns BiACNiAKOBYBaHHSA OMHAMIKM 3MiHW Yacy CYLUiHHS
Oynn nobyaosaHi noBepxHi Biaryky (dir. 3, a-c).

B pesynbTari aHanisy PiBHAHHSA perpecii
BCT@HOBINEHO, O Ha 3MiHy Yacy CYLUiHHA T Hanbinbwmmn
nAuB Mae noyaTkoBa Bomorictb coi W, Temnepartypa
CYLUMITbHOTO areHTy tca, i, B MEHLWIN Mipi, WBUAKICTb
nopadi CyLUMnbHOro  areHTy Ves .

3Baxaloum Ha ofepaHi MOBEpXHi BiAryKy, a Takox
nonepenHi AOCMIAXEHHS MOXHa 3p0obuTWM BMCHOBOK, LLO
onTUMarnbHi 3HayYeHHs [ocnigKyBaHMX pakTopiB npu
Akmx Oyae [OOCArHyTo MiHiManbHe 3HayeHHa 4acy
CYLLiHHA cknanu: novaTkoBa BornoricTb coi W=17...19% 3
koediuieHTom pgecdopmauii  k=1,0053, TemnepaTtypa
CYLLUUMBHOTO areHTy  ta=42-45°C i wBmnakicte nogavi
CYLLMITBbHOTO areHTy Vs =1,9-2,0 m/c.
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t=35°C

1=40°C

ta=45°C
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Va=19M/c

Fig. 3 - Response surface of drying time t depending on:
a) drying agent velocity Vca and initial moisture content of the soybean seeds W at the temperature
of the drying agent tca=35;40 and 45 “C; b) initial moisture content of the soybean seeds W and the temperature
of the drying agent tca at the drying agent velocity Vca=1.6;1.9 and 2,2 m/s; c) temperature of the drying agent tca
and drying agent velocity Vca at the initial moisture content of the soybean seeds W=15;19 and 23 %.

CONCLUSION

The results of complex experimental studies allow the
conclusion that all factors are significant against the area
deformation coefficient of the seed and drying time.

Two proposed mathematical models resulted in
determining time within 5.7...22.7 minutes, necessary to
achieve moisture of the soybean seeds after previous
deformation of the seed coat.

Increasing the initial moisture content of soybean
seeds W leads to longer drying time t. The difference in
drying exposure is 3...4 minutes, which is less than the
difference in exposures of drying of material without pre-
conditioning (8...12 min) as the coefficient k is different
for various W values and confirms its influence on the
speed of moisture removal from the seed.

Thus, considering the proposed mechanism to
prepare soybean before drying, as part of the loading
mechanism of the dryer, we argue it will allow reducing
the energy consumption through increasing the contact
area of the drying agent and material and changes in the
intensity in moisture removal from the seed. Therefore, it
is feasible to apply the proposed energy saving method
of the soybean seed drying to produce oil. Reduction in
oil yield was not observed.
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BUCHOBOK

OTpumaHi pe3ynbTat KOMMMEKCY eKcnepuMeHTanbHUX
JocrnigkeHb [O03BONSATb 3pobUTM BUCHOBOK, LIO BCi
akTopy € 3HaYyWMMyM BiOHOCHO KoedilieHTa 3MiHn
NAOLLi HACIHWHM Ta Yacy CYLUIHHS.

PesynbTatoM 3anponoHOBaHWX ABOX MaTteMaTU4HUX
MoJenen € BCTaHOBIEHHA 4acy, SIKUA 3HaXOAMTbCA B
Mexax 5,7...22,7 XB., WO HeobXigHUA Ons OOCArHEHHS
KOHAMLIAHOT BOMOrOCTi HAaCiHHA COi B CYLLUUIbHI Kamepi 3
nonepegHim aedopmyBaHHAM 0BONOHKM nNnoay.

MNigBULLIEHHS MOYaTKOBOI BOJIOFOCTI HaciHHA coi W
npu3BoanTb A0 30iNblUeHHSA 4Yacy CywiHHa t. PisHnus
eKCMNo3unuii CyLWiHHA cknagae 3-4 XxB, WO € MEHLUOH
pi3HULi eKkcnosuuin CYLUiHHSA nornepeaHLo
HenigrotoBneHoro martepiany (8-12 xB). Lle nosicHoeTbCA
TMM, WO koediuieHT K € pisHMM ans gocnigKyBaHMX
3HayeHb Bororocten W i nigTBepaxye Moro BNAVMB Ha
LWBKUAKICTb BUOANEHHS BOOM 3 HACIHUHW.

Omxe, po3rnsgaryM 3arnpornoHOBaHWUIA  MexaHiaM
nigroToBKM COi OO CYLWIiHHA, $SK CKNagoBy YacTUHY
3aBaHTaXyH4oro npucTporo CyLLapKu, MO>XHa
CTBEpAXyBaTW, WO LUe  [O03BONMUTb  3MEHLUUTK
€HeproBuTpaTn, WNAXOM 36iNbLUEHHS NMOLWi KOHTaKTy
CYLUMMBHOTO areHTy i maTepiany Ta 3MiHW iHTEHCMBHOCTI
BMAANEHHA BOMOMM 3 HacCiHWMHW. ToMy JouinbHUM €
3acTOCyBaHHS  3anponoHOBaHOro eHepro3bepiraryoro
MeTody CYLIiHHA HaCiHHSA CcOl Ans OTPUMAaHHsS  Oonil.
3MeHLUEHHS B1XOAY Onii Mpu LIbOMY He crnocTepiranoch.
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