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Abstract. An analysis of the stress-strain state of steel elements of a cucumber seed separator, including
drum shafts, a crank mechanism and sieves, was carried out. An assessment of bending, torsional and
vibration stresses was performed. Calculations showed that the maximum stresses in all nodes are
significantly lower than those permissible for steel, which ensures reliable operation and durability of the
structure. The results allow us to justify the choice of materials and dimensions of elements for the effective
and safe functioning of the separator.

Keywords: seed separator, cucumber, stress-strain state, steel, shafts, crank mechanism, sieve, vibration
loads, structural strength.

KOHCTPYKTHBHO-TEXHOIOTIYHE TA KIHETUYHE JOC/IIIKEHHS OJIIITHOr0 nmpeca 3
MiIBUIICHOIO eHEProe)eKTUBHICTIO

JHounenko H.A.
JIOKTOP. Mel. HayK, mpodecop, mpodecop kadeapu 3araibHOTEXHIYHUX TUCIUTUIIH
MuKOnaiBCHbKOT0 HAI[lOHAJIBHOTO arpapHOT0 YHIBEPCUTETY

AHoTanig. Y poOOTi NpeAcTaBIeHO pe3yJbTaTH KOHCTPYKTUBHO-TEXHOJOTIYHOTO Ta KiHEMaTHUYHOI'O
JNOCHKEHHsl OJIHOro 1mpeca 3 MIJABMILEHOI €HEepProeQeKTUBHICTIO. Po3pobiieHo yloCKOHalleHy
KOHCTPYKIIIIO IIIHEKOBOI'O Ipeca 31 3MIHHUM KPOKOM BUTKIB Ta PEryJIbOBAHUM MiNPECYBAIBHUM BY3JIOM,
10 BKJIIOYAE MIJANPECOBYIOYl Baliblll Ta MpoOMaproBay, siKi 3a0e3MedyloTh PIBHOMIPHUN pPO3MOALT THCKY
B3/IOBXX 30HM ImpecyBaHHA. [IpoBeaeHuil KiHEMaTWYHMI aHali3 MeXaHi3My HPUBOJY OOIPYHTYBaB
JOLUUIBHICTh 3aCTOCYBAHHSI 4YepB’ SYHO-LMIIHAPUYHOTO PEAYKTOpa 3 YacTOTHUM pEryJIlOBaHHSM, IO
JI03BOJISIE QJIalITYBaTH PEKUM POOOTH 10 BIACTUBOCTEH CHUPOBUMHHU. BCTaHOBIEHO ONTHMAaNbHY YacTOTY
oOepTaHH mHeKa Ha piBHI 120 06/xB. 3a pe3ynbraTamu 1a00paTOPHUX BUIIPOOYBAHb JOCSATHYTO 3HUKCHHS
MUTOMHX BUTpAT eHeprii Ha 28% (1o 13,4 kB1'Toa/T), migBUIeHHsS] BUXOY 0Jii HA 2,3 BiICOTKOBUX MyHKTH
Ta 30UTBIICHHS pecypcy poboumnx opraniB Ha 35%. 3anponoHOBaHE TEXHIUHE PIIICHHS CIPHUSE 3HIKCHHIO
cobiBapToCcTi mepepoOKH, MiABUILEHHIO SIKOCTI NPOAYKIiT Ta 3a0e3ledyeHHI0 eHeproepeKTUBHOCTI
BUPOOHUIITBA BIJIMOBIIHO /10 CyYaCHUX BUMOT CTAJIOTO PO3BUTKY arpONpPOMHCIOBOTO KOMILICKCY.

KuarouoBi cjoBa: onmiiiHuii mpec, IIHEKOBUM TIpec, €HEepProeQeKTUBHICTh, KIHEMATUYHHUI aHali3,
KOHCTPYKTHBHI IapaMmeTpH, 4acToTa OoOepTaHHs, PEAyKTOp, MpecyBaHHS OJiii, MUTOMI BHUTpATH EHEpTii,
pecypc pobouux oprais.

OmiitHa Tamy3b € OJHIEI0 3 TMPIOPUTETHUX Yy XapydoBid MPOMHCIOBOCTI YKpaiHU.
[linBuieHHs e()EeKTUBHOCTI MEepepOoOKH ONIWHUX KYJIbTYp - COHSIIHHUKY, PiMaKy, coi - €
CTpATETIYHUM 3aBJAHHSIM arpoNpPOMUCIOBOTO KOMIUIEKCY. HasBHI KOHCTpPYKIIi ITHEKOBUX
ONIIAHUX TPECIB XapaKTepU3YIOThCA 3HAYHHUMHM MUTOMHUMU BUTpatamu eHeprii (mo 18-22
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KBT'r0/1/T), HEpIBHOMIpPHICTIO THCKY MPECYBaHHS Ta MIJBUIIEHUM 3HOCOM POOOYUX OpPraHiB
[3]. Yce 11e 00yMOBITIO€E aKTyallbHICTh PO3POOKH HOBUX TEXHIUYHHUX PIllIEHb, CIPSIMOBAHUX HA
3HWKCHHSI €HEPTOCTIOXKUBAHHS 0€3 BTPATH SKOCTI Ta BUXOay ouii [4].

MeToro poboTu € po3podKka Ta AOCTIIKEHHS YJOCKOHAJICHOI KOHCTPYKIi IIIHEKOBOTO
OJIIMHOTO TIpeca 3 IMiABUIICHOI0 eHEPTrOeEeKTHUBHICTIO HA OCHOBI ONTUMI3AIll TEOMETPUIHUX
napaMmeTpiB IIHEKa, PEXUMIB MPECYBaHHA Ta KIHEMAaTHYHHMX XapaKTEPUCTUK MEXaHI3My.
3anponoHoBaHa KOHCTPYKIIIS Mpeca BIAPI3HAETHCS BiJl aHAJOTIB HASIBHICTIO KOMOIHOBAHOTO
ITHEKa 31 3MIHHUM KpPOKOM BHUTKIB (Big 60 10 32 MM IO JOBXKHHI 30HU MPECYBaHHS) Ta
JOJIaTKOBOTO  MIJMPECYBAIBHOTO BY3JIa 3  PEryjJbOBaHUM 3a30pOM, IO MICTUTh
HiIPECOBYIOUl Bajblll Ta MpOIAaproBay, IO 3a0e3nedye pIBHOMIPHUN PO3IMOIIT THUCKY
B3JI0BK 30HM MpecyBaHHs [1]. Kopmnyc 3eepHOi kamepy OCHAIIEHO CEKI[ITHUMU BCTaBKaMH 3
TBEPJOCIIABHOTO MaTepiany, 1o 3a0e3neuye MiIBUIIEHY 3HOCOCTIMKICTh Ta MOKJIUBICTh
olepaTHBHOI 3aMiHM 0e€3 JeMOHTaXy OcCHOBHMX By3miB [3]. IlpuBim peamizoBaHo 3a
JOTIOMOT'OK0  YEPB'TYHO-LIMJIIHAPUYHOIO PEIyKTOpa 3 MepeaaToyHuM 4vuciioM 1 = 245 Ta
€JEKTPOJBUTYHOM TMOTYykHIcTI0O 11 kBT. 3acrocyBaHHsS 4YacTOTHOTO NEpPETBOpIOBava
JI03BOJISIE TUIABHO PEryJIIOBaTH 4YacTOoTy oOepTaHHs InHeka B aiama3oHi 80-160 006/xB
3aJIKHO BiJl BUTY OJTIHHOT CHPOBHHH Ta BOJIOTOCTI Martepiany [2].

KinemaTuune A0CHiP)KeHHS] BUKOHAHO METOJOM CTPYKTYPHOT'O aHali3y KIHEMaTUYHHUX
nap. MexaHi3M IpUBOIY IITHEKA BIIHOCUTKCS 10 nepiioro kiacy (W = 1). BuznaueHno kyToBi
MIBUAKOCTI Ta MPHUCKOPEHHS JIAHOK IE€pPEelIaBaIbHOTO MeEXaHi3My, NOOyI0BaHO IUIAHU
HIBUAKOCTEN 1 MPUCKOPEHb JJIsl KpalHIX Ta CepelHIX MOJ0XKEeHb. AHalli3 MOKa3as, U0 MpHU
yacToTi o0epTaHHs mHeka n = 120 00/xB 3a0e3neuyeThcsi HalOUIbII PIBHOMIPHUIA PO3MOILIT
TUCKY B3/I0BX 30HHU NpeCcyBaHHs. BcTaHOBIIEHO, 1110 MaKCUMaJIbHE OChOBE 3YCHILJISI Ha IIHEK
ctanoBuTh Foc = 48,6 kH, mo Ha 12% MeHIe nopiBHAHO 3 0a30BOI0 KOHCTPYKITIEIO 3aBISKH
ONTHUMI30BaHOMY NMPOQLII0 BUTKIB T4 3HUKEHHIO CHJI TEPTS Y 3a30pax.

JIabopaTopHi BUIIpoOyBaHHs MPOBEIECHO HA JIOCIIIHOMY 3pa3Ky Ipeca Mpu rnepepooill
HaCiHHSI COHAIIHUKY (Bojoricth 7+1%, omiitHicTh 48—52%). OTpuMaHO Taki MOKA3HUKHU
poOoTu: npoaykTuBHICTh: 450—500 Kr/ron (COHSIUIHUK, MEpIIe MPECyBaHHS); BUXIA OJMii:
38,5-41,2% Big Macu CHpOBUHM (3ATMIIKOBUI BMICT 0Jii y Makyci - 9,8%); mutomi BUTpaTu
eneprii: 13,4 kBt ron/t - 3umxenHs Ha 28% MOPIBHAHO 3 aHAJIOIOM; TEMIEparypa oJiii Ha
BUXOJ1: He nepeuiye 52°C (XOIOAHUN BIIHKUM); pecypc poOOUMX OpraHiB: 301JIbIIEHO HA
35% 3a paxyHOK TBEPAOCIIJIABHUX BCTaBOK.

Tabmuus 1. [lapameTpu cupoBuHU

[TapameTp ITo3HaueHHs Tumnosi 3HaYEHHS
BostoricTs HaciHHS W, % 6-10%
OmniitHICTh C,% 40-55% (coHsIITHUK)
HacurmHa niiipHICTh p, Kr/M* 350420

Hwxue HaBeneHa MeTOAMKAa PO3paxXyHKY KIOUOBHUX IMOKA3HHMKIB KOHCTPYKTHBHO-
TEXHOJIOTIYHOTO Ta KIHEMAaTHUYHOTO JOCHIPKEHHS OJIIMHOrO Tpeca 3 IJBUIIECHOIO
eHeproeeKTUBHICTIO.

Kpox rBMHTOBOI HaBUBKWU:

t = (0,6 + 1,0) - Dm (1)
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30BHIIIHIN JTIaMeTp NTHEKA (3 YMOBH MMOJIa4i):

_ 40
Dur = Tnt-p-P (2)

ne Q -mpoAyKTUBHICTH (KI/C), n - yacToTa odepranns (06/c), y = 0,3-0,6 - koediiieHT
3aIOBHEHHSI.

JliameTp Basty IIHEKa:

ds=(0,25+0,35)-Dm (3)
CryniHb CTUCHEHHS (KOMIIpECiiiHe BITHOIICHHS):
_nh_ S5t
k= Vi Skitk 4

ne S1, Sk - momi nmepepi3zy KaHajay Ha MOYATKy 1 B KIHIII 30HU MTPECYBaHHS.

JliniiiHa IBUKICTH MEPEMIIIIEHHS MaTepianty B3JI0BXK OCi:
voc=t-n-ng (5)

1e NI - koedimient npokos3yBanns (0,6-0,8).

KyToBa mBUAKICTH IIHEKA:

_ 2Tn

w=— (6)

60
KosoBa mBHAKICTh Ha 30BHIIIHBOMY JIIaMETPi:

T-Dyyn

V= (7)

60

PexomenmoBano: v = 0,05-0,3 m/c 11 XOJI0THOTO IMPECYBaHHS.

[lepenaBanbHe BiTHOIICHHS TIPUBOIY:

i = % (8)
Tuck npecyBaHHs (TUTOMMIA):

p=(5+60) Mlla
OcboBa cuiia Ha THEKY:

Foe =1 - Ag ©)

ne Ax - TUIoIIa MOMEePEYHOro Mepepizy KaMepu mpecyBaHHS.

KpyTHHi1 MOMEHT Ha Bally IIHEKA:
Foct 1

M = o e (10)
a0b0 yepe3 MUToMy poOOTY MpeCyBaHHS:
Mxkp=NoM (11)
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TeopeTnuHa NpoAyKTUBHICTB:

Qr=2(DZ-d2) t-n-p (12)
JlificHa MPOyKTUBHICTb:

Q=QT-y (13)
O0'eMHHUN BUX1J OJIIL:

Gon = Q@ * Coit * Nur (14)

ne nBut = 0,85-0,95 - koedilieHT BUITydYEeHHS OJii.

[ToTyxHICTh Ha IpeCyBaHHS MaTepiaiy:

My,
Nnp = —— (15)
. . nMeX
3arasibHa HEOOX1/IHA MOTYKHICTh JIBUTYHA:
N
Nag = —— (16)
Nnep MNnigm

ne n nep - KKJI nepenaut, nmiamt - KKJI migmmnHukis.

[Tutomi BUTpaTH eNeKTpOoeHePTii (KIIFOUOBU MOKa3HUK €HEProe(heKTUBHOCTI):

Quur = %; kBt rog/T (17)
Jliist eneproeekTBHOTO npeca: quuT < 25-35 kBt roa/T.

3aransauit KK/ npeca:

NKO
Nazar = EBP = Numex * Nuep * Nuigw (18)
Terutora, 1110 BUALISETHCS TIPU TpecyBaHH1 (TepTs + nedopmartis):
QTen = N,ELB : (1 - nsar) T (19)
MakcumanbHa TeMreparypa Marepiaiy B Kamepi:
QTeH
Tuar = To + G_Cp (20)

ne cp - TeroemMHicTh HaciHHs (= 1800-2000 JIx/(xr-K)).

OO6mexeHHs 1)1 xooAHoro npecyBanHs: Tmar < 50-60°C.
Bast Ha kpydeHHs 1 3rvH (€KBIBAJICHTHU MOMEHT):

MeKB = ’Mszr + MI%p (21)

JliameTp Basty 3 yMOBH MIIIHOCTI:

3 [Meyp-32

T-[0] -1

dy = (22)

ne [o]! - nomycTrMe HapyKEHHs IPYU CUMETPUYHOMY LIUKIII.
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3arac MIIHOCTI IITHEKOBOTO BUTKA:

ng = H"w—lo >[n] =2,0+25 (23)
[TacoBa mepemaya - HATAT T1JIOK:
P P
F1=F0+5, F2=F0_2_‘U (24)
Yucno nacis:
P
2= hicacs, (&)
UYeps'ssuHa nepeaya:
__ tany
Nueps = Ganeyra) (26)
7€ Y - KyT IiJHOMY BUTKA YEpB'sKa, @ - KyT TEPTH.
Tabnuug 2. 3BeieHa TaOIHIIsT KJIIOYOBUX NMOKA3HUKIB
IToka3Huk dopmyna Hopwma
[IponyktuBHIicTh Q Q=07 -y IIPOEKTHA
Buxin omii Gon = Q - Coi1 * Maur 85-95% Bix Teoper.
[Turomi BUTpaTn Qruur = Nys/Q < 30 kBt'rog/t
KK/I 3aransamit Nsar = Nuex * Nrep * Nuigm 0,75-0,88
TeMneparypa Tmar<60°C XOJIOAHUH CIIOCi0

Po3po6ieHo ymockoHaneHy KOHCTPYKINIO ITHEKOBOTO OJIIMHOTO Ipeca 31 3MIHHHM
KPOKOM BHTKIB Ta PEryJbOBaHUM IMIANPECYBAIbHUM BY3JIOM, 110 MICTUTH MiANPECOBYIOYl
BaJIbIIl Ta TMpoOMaproBay, M0 3abe3neuye pPIBHOMIPHUM pO3MOJAUT TUCKY B3JIOBXK 30HHU
npecyBaHHs. KiHeMaTnyHuil aHami3 MeEXaHi3My MPUBOAY MIATBEPAMB JIOLIIBHICTh
3aCTOCYBaHHSA YEPB'AYHO-IMIIHAPUYHOTO PEIyKTOpa 3 YAacTOTHHM PEryJIOBAaHHAM;
OonTHUMaJibHa YacToTa OOepTaHHs IIHEKa CcTaHOBUTH 120 00/xB. 3a pe3yiabTaTaMu
71a00paTOPHUX BUMPOOYBAHb MUTOMI BUTPATH €HEPrii 3HmxeHo Ha 28% (1o 13,4 kBT ron/T),
MpU UbOMY BUX1J OJiii 301IbIIEHO Ha 2,3 BIACOTKOBHUX ITYHKTH, a pecypc poOOUYMX OpraHiB
nigsuieHo Ha 35%. BrnpoBamkeHHS 3ampoNOHOBAHOrO Mpeca Ha MiAMPHEMCTBAX OJINHOI
rajy3i J03BOJIMTh 3HU3BUTH COOIBAPTICTH MEPEPOOKH, MOKPAITUTH SKICTh MPOIYKIIi Ta
3a0e3neunTy  €Hepro30epekeHHs  BIAMOBIAHO /10  BUMOT  CTQJOTO  PO3BUTKY
arpoNpOMHUCIIOBOr0 KOMIUIEKCY YKpaiHu.

References:

1. Babenko, D., Dotsenko, N., & Gorbenko, O. (2024). Study of structural and kinematic
characteristics of an energy-efficient oil press. Ukrainian Black Sea Region Agrarian Science, 28(3), 41-54.
https://doi.org/10.56407/bs.agrarian/2.2024.41.

2. Alvarez-Gonzalez, L.M., & Perea-Barrios, 1.J. (2023). Modeling and control of a leaching unit for
sunflower oil extraction. In 2023 IEEE 6th Colombian conference on automatic control (CCAC) (pp. 1-6).
Popayan: Institute of Electrical and Electronics Engineers. doi: 10.1109/CCAC58200.2023.10333764.

3. Dotsenko, N., Gorbenko, O., & Batsurovska, I. (2023). Investigation of constructive and
technological parameters of an energy-efficient screw oil press. 0P Conference Series: Earth and
Environmental Science, 1254, article number 012135. doi: 10.1088/1755-1315/1254/1/012135.

84


https://doi.org/10.56407/bs.agrarian/2.2024.41

P03BUTOK yKpalHCHKOTO ceJa - 0OCHOBaA arpapHoi pebopmu B YkpaiHni (15-16 kBiTHs 2026 p.)

4. Kandhan, P.A., Prakash, N.B., & Bakrutheen, M. (2023). Performance analysis of different fatty
acid vegetable oil using ranking method. In 2023 5th international conference on smart systems and
inventive technology (ICSSIT) (pp. 1381-1384). Tirunelveli: Institute of Electrical and Electronics
Engineers. doi: 10.1109/ICSSI1T55814.2023.10061136.

5. Sudhakar, A., Chakraborty, S.K., Mahanti, N.K., & Varghese, C. (2023). Advanced techniques in
edible oil authentication: A systematic review and critical analysis. Critical Reviews in Food Science and
Nutrition, 63(7), 873-901. doi: 10.1080/10408398.2021.1956424.

Abstract. The paper presents the results of a structural, technological and kinematic study of an oil press
with increased energy efficiency. An improved design of a screw press with a variable pitch of turns and an
adjustable press unit has been developed, which includes press rollers and a steamer, which ensure uniform
pressure distribution along the pressing zone. The kinematic analysis of the drive mechanism has
substantiated the feasibility of using a worm-cylindrical gearbox with frequency regulation, which allows
adapting the operating mode to the properties of the raw material. The optimal screw rotation frequency has
been set at 120 rpm. According to the results of laboratory tests, a reduction in specific energy consumption
by 28% (up to 13.4 kWh/t), an increase in oil yield by 2.3 percentage points and an increase in the resource
of working elements by 35% have been achieved. The proposed technical solution contributes to reducing
the cost of processing, improving product quality and ensuring energy efficiency of production in
accordance with modern requirements for sustainable development of the agro-industrial complex.
Keywords: oil press, screw press, energy efficiency, kinematic analysis, design parameters, speed, gearbox,
oil pressing, specific energy consumption, working parts resource.
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IlepcneKTHBH 3aCTOCYBAHHA CYyYaCHHUX BYIJICHEBUX HANIOBHIOBAYIB Y BUTOTOBJICHHI
BHCOKOHABAHTAKEHUX esieMeHTIB KOHCTpyKuii AIIK
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MukonaiBChbKui HalllOHAIBHUM arpapHUil yHIBEpCUTET, YKpaiHa

AHoTanisg: Y poOOTI PO3MISHYTO aKTyaJbHICTh BUKOPUCTAHHS BYIJICIb-BYTJICLIEBUX KOMIIO3ULIHHUX
Mmatepianie (BBKM) y cydacHomy arpomnpomucioBoMy KoMiuiekci. IIpoBeneHoO iHKEHEpH1 po3paxyHKH
MOJIyJIiB MPY>KHOCTI Ta MeX1 MIIHOCTI KOMIIO3UTY IpU BUKOPUCTAHHI BHCOKOMIIIHOTO BOJIOKHA MapKH
Thornel T-800 ta momimepHoi MaTpuil. Pe3ynbraTv JOCTIIKEHHS MOKa3alM, MO NMPH BHUCOKOMY piBHI
apmyBanHs (0,8) marepian nemMoHcTpye mokasHukd MinHocTi moHax 3900 Mlla, mo 3HaYyHO MEepeBUIye
TpaauLiiHI aHanoru. Bu3HaueHO KpUTUYHMIA BMICT BOJIOKOH Ta JOBEIECHO €(EKTHBHICTh MPOEKTYBaHHS
CTPYKTYpHU MaTepiany Juis poOOTH IiJ] BACOKUMH HAaBAaHTAKCHHSIMU.

Kurouosi ciioBa: Byriens-syriienesi komnosuiiiHi matepianu (BBKM), Topuen-800, moxynes FOnra, mexa
MIITHOCTi, apMyBaHHsI, CLIbCHKOTOCTIOAAPChKa TEXHIKa, KPUTUIHUN BMICT BOJIOKOH.

CydacHi cTaH PO3BUTKY arpompOMHCIOBOTO KOMIUIEKCY CTaBUTh BHCOKI BHUMOTH JI0
(h13UKO-MEXaHIYHUX BJIACTUBOCTCH MaTepiaiiB Jerajieid. 3aBISKHA JIETKOCTI, MIITHOCTI,
TEXHOJIOTIYHOCTI, MaJIoMy KOe(DIIIEHTY TeMIEpaTypHOTO PO3IIMPEHHS BYTJICIb-BYTJCICBI
koMmmnosuiiitHi  matepianmn  (BBKM) BupatoTbes  HaWOIbII  MEPCIEKTUBHUMH  JIS
BUTOTOBJICHHS J€Tajedl MalllMH, KOpIIyCIB amapariB Ta €JEeMEHTIB KOHCTPYKIIIM
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