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PE3YJbTATU EKCOEPUMEHTAJBHUX JOCJIIKEHD 3
BU3HAYEHHS 3MIHU KPYTHOI'O MOMEHTY CIIPAIIIOBAHHSA
3AITOBI)KHOI MY®TH

Pesiome.  3anpononogano KOHCMPYKYIO 3an00IdNCHOT  Mmydmu, UKOPUCMAHHA KO  00360J5€
niosuWUmMY ePeKmuUHicms QYHKYIOHY8AHHSA 26UHIMOBUX KOHBEEPIE 68 eKCMPEeMAIbHUX YMOBAX eKCHLyamayil.
s npoeedentsi 0ocaiodicelb 3ano0incHol Myghmu po3podieHo ma 8U2OMOBNIeHO eKCNePUMEHMANbHUL CIMEeHO
0Nl GUBHAYEHHS — ONMUMAIbHUX — NAPAMEmpI8 Md  Pedicumie  pobomu  26UHMOB020 KOHEeEpA Npu
nepesanmadiceHomy pobo4omy opeani. 3 Memoro GUHA4eHHsl IHMEHCUBHOCII GNIUBY MAKUX (aKmopis, sk Kym
Haxuiy pobo4o2o opeany 00 20pU3OHMY, YACMOma 00epmanHs pobo4020 op2any ma Yac 3pOCMmaHHs MOMEHNY
ONnopy, Ha BeIUYUHY KPYMHO20 MOMEHHY HA NPUBOOHOMY 6Ly, WO BUHUKAE NPU HepeMilyeHHi CUNKO20 YU
KYCK08020 mamepiany, nposedeno 6azamogaxmopuutl excnepumenm. 3a pe3yivbmamamu po3pAxyHKie, sKi
npo6ooUnU 3d OONOMO20I0 NAKemd NPUKIAOHUX CMAMUCTHUYHUX NPOSPAM ONPAYIOBAHHS. Md  AHANI3Y
pe3yIbmamie  eKCnepuMeHmanvhux oocaiodcenv 0mi IIK, nobyoosano 3anexicHocmi noepxoHb Gi02yKy
napamempa onmumizayii ma 080MIpHULL nepepiz NOGePXOHb BIO2YKY 05l HAOUHO20 8i000PAdICeH s Pe3yIbmamie
NPOBEOEHUX eKCNePUMEHMANbHUX OOCAIONCEHb.

Knrwowuosi crosa: 2eunmosuii Koneeep 3anobisxicna myghma, niemygma, KpymHuii MOMeHm, KAHABKA.

Oleksandra Klendii

RESULTS OF EXPERIMENTAL INVESTIGATIONS ON FINDING
THE TORQUE CHANGE OF THE SAFETY CLUTCH ACTION

Summary. Screw conveyors have been widely applied for transporting bulk and lump cargo in
various productions processes. However, while transporting jamming of screw operating unit is possible by
caused the gap between the screw rotation surface and the inner surface of the pipe guide. To restore the
conveyor operation it is necessary to take aside in the axial direction the jammed screw edge from the contact
with the cargo, and then after removal of overloading, the drive elements must provide initial position of the
operating unit for transporting cargo in the unloading zone.

The method of reversing jammed operating unit is conventional, which is performed using the
planetary safety devices that provide feedback screw turning from insignificant rotation angle to several
complete rotations with the further restoration of the initial position. The method of taking aside the jammed
screw along the axis with the help of the ball safety clutch with profile holes is possible as well. Design of the
safety clutch, the application of which makes possible to raise the efficiency of the conveyors operation in the
extreme conditions, is presented in the article.

To prevent jamming of the screw conveyor operating unit while transporting, safety devise with the
distributed in time jamming regimes and axial displacement of screw for the automatic recovery of the conveyor
operation, has been proposed.

To investigate the safety clutch a test bench for finding optimum parameters and regimes of the screw
conveyor operation with overloaded operating unit, has been developed.

To determine the effect intensity of such factors as inclination angle of the operating unit to the
horizon, frequency of the operating unit rotation, time of the resistance moment increase in the torque value on
the drive shaft, which occurs while transporting bulk or lump cargo, multifactor experiment has been carried
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out. According to the results of the calculations carried out taking advantage of the package of applied statistic
software for processing and analyses of the experimental investigation results for PC, the dependences of the
response surfaces of the optimization parameter and two-dementional cross-section of the response surfaces
have been built for visual presentation of results of the carried out investigations.

It was found, that the greatest effect on the torque value is that of the operating unit rotation
frequency. The next as to the intensity of effect on the torque value is the inclination angle of the operating unit
to the horizon. The smallest effect is that of the time of the resistance moment growth.

Key words: screw conveyor, safety clutch, semi-clutch, torque, groove.

ITocTanoBka npoGyemu. ' BUHTOBI KOHBEEPHU OTPUMAJIM 3HAUHE BUKOPUCTAHHS MPU
MEepeMIleHH] CUIIKUX 1 KYCKOBHUX MaTepiajiiB y pI3HMX BHPOOHMUMX mpouecax. OgHaK npu
TPaHCIOPTYBaHHI MarepiajiiB BHACIIIOK HAsBHOCTI 3a30py MDK IOBEpXHE OOepTaHHA
IIHEKa Ta BHYTPILHbOIO TOBEPXHEIO HAMNPaBIAOY0i TPyOM MOXKIIMBI 3aKIMHIOBAHHS
IBUHTOBOrO po0Oodoro oprany. Jlyis BIAHOBJIEHHS Mpale3AaTHOCTI KOHBEEpa HEOOXITHO
BIJIBECTH B OCHOBOMY HAaIPSIMKy 3aKJIMHEHE peOpo IIHEKa BiJ KOHTaKTy 3 Marepiajom, 1 B
MOJAJBIIOMY IIICHS 3HATTS NEPEBAHTAKEHHS, €JIEMEHTH MPUBOJAA IOBHUHHI 3a0€3MeunuTH
MIOYAaTKOBE TMIOJIOXKEHHSI po00YOro opraHy ais TPaHCIOPTYBAHHS Marepially B 30HY
BUBAHTAXKEHHS.

AHaJji3 ocraHHiX AocjilkeHb i myOaikaumiii. Bimomi npuHuunu peBepcyBaHHS
3aKJIMHEHOTO p0o00YOro oprasy, siki BAKOHYIOTbCS 3a JIOTIOMOT'OI0 IUTAHETapHUX 3al00DKHUX
My]T 1 3a0e3MeuyroTh 3BOPOTHE MPOBEPTAHHS IIHEKA BlJ HE3HAYHOTO KyTa MOBOPOTY J0
KUIbKOX OO0EpTiB 3 HACTYIMHHUM BIIHOBJIEHHSM MHOro IMOYaTKOBOIO IOJIOKEHHS. Takox
MOXJIMBUH CMOCIO OCHOBOTO BIJBEJICHHS 3aKJIMHEHOTO TBHHTOBOTO POOOYOro opraHy 3a
JIOTIOMOTO10 KYJIBKOBHUX 3alI0ODKHUX MY(T 3 NpO(]LIbHUM BUKOHAHHSAM JIYHOK SIK IIPH BUXO/I1
13 3a4eTICHHSI, TaK 1 IpH iX BXO/KeHH1 [1; 2; 4; 5; 6; 9].

AHani3 BIIOMHX JOCTIDKEHb I0Ka3aB, M0 OCHOBHUMH HEAOJIKAMH ICHYIOUHX
3anoOLKHUX My(]T, iK1 3a0€311eUyI0Th peBEpCYBaHHS MEPEBAHTAKEHUX POOOUYHX OpPraHiB, € iX
KOHCTPYKTUBHA W TEXHOJIOTIYHA CKJIATHICTh, BEJIHMKA MAaTepiaJOMICTKICTh, HEIOCTATHS
HafAlHICTh. TakoX BOHM MalOTh 3HA4YHI TabapuUTH1 PO3MIpPH, a MpU iX pPoOOTI BUHHUKAIOTh
CYTTEBI JAMHAMIYHI HABAaHTAXKEHHS BHACIIOOK Jii CHJI 1HEpLil BEJEHUX JAHOK IMpUBOjAA i
po0oyoro oprany 3 aBTOMaTUYHUM BiJIHOBJIEHHSIM MOTr0 OYATKOBOTO MOJIOKEHHSL.

Merta pobotu. IlinBuiienns edpekTuBHOCTI QYHKIIOHYBAaHHSI TBUHTOBUX KOHBEEPIB
B eKCTpeMallbHUX YMOBaX eKCIUlyaTalil LUIIXOM po3poOJieHHs Ta OOIPYHTYBaHHS
pallOHAJIFHUX MapaMeTpiB 3ar100KHOT My()TH IIHEKOBOIO pOOOYOro Opray.

IlocTtanoBka 3aBaaHHsA. Po3poOMTH HOBY KOHCTPYKIIO 3amoObnKHOI MydTH
IBUHTOBOI'O KOHBE€EpPA JUIsl OCbOBOTO BIABEIEHHS pOO0OYOIro OpraHy IHIHEKOBOIO TPaHCIOPTEpPa
[Py BHHUKHEHHI NEPEBaHTAKEHHS Ta 3a0e3MeyYeHHs] BIJIHOBJEHHS WOIr0 IMOYaTKOBOIO
MOJIOKEHHSI, a TaKOX IPOBECTH EKCIIEPUMEHTAIbHI JOCIHLIKEHHS 3a 0araTo(pakTOpHUM
€KCIIEPUMEHTOM.

PesynbTraTn nociigkeHHsi. 3 METOIO YCYHEHHS 3aKJIMHEHHS poOOYoro oprasny
IBUHTOBOIO  KOHBEEpa IpU  [EpelaBaHHI  KPYTHOIO  MOMEHTY  3alpOIIOHOBAHO
BUKOPHUCTOBYBATHU 3ano0bKHY MydTY [3; 7] 3 pO3AUICHMMH B Yaci peXMMaMHu OyKCyBaHHS Ta
OCBHOBOTI'0 3MIIIEHHS IIHEKA JUIsS BITHOBJIEHHS HOro poO0YOro CTaHy.

Ha puc.1 nokazana cxema po6otu 3anoOvkHOi Mmydrtu. Ilpu 3akauHeHHI po6oUOro
oprany BiOYBa€ThCsl OCHOBHE PO3YEIUICHHS MIBMY(T, TOOTO 3IIMCHIOETHCS BUX1A KYJIHOK 3
JYHOK Ha BEIIMYMHY /A TO JiHIi ab, MO CHpPUYMHSAE PO3SMHUKAHHS KIHEMAaTHYHOTO JIAHIIOTa
MIPUBO/JIA.
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Pucynok 1. Cxema pobotH 3armo0i>kHOT MypTH

Figure 1. Scheme of the safety clutch operation

Jlati KyJbKH TIEPEMILIaloThCs M0 TOXMINX POOOYNX KaHAaBKax (3 KyroM Haxwiy f3)
BeleHoi miBMy(dTu (iHIS bc), 1 TaKUM YUHOM 3IIMCHIOETHCA IJIABHE «M’SIKE» OChOBE
BIJIBE/ICHHSI T'BUHTOBOIO po0OOYOro OpraHy Ha MakKCUMallbHY BEIMYUHY X,, L0 CYTITEBO
3MEHIIye JWHAMIYHE HaBaHTa)KEHHS Ha TMPUBOJ KOHBeepa. BHaciinok mnopaanmbiioro
oOepTaHHs BeAy4oi MIBMY(PTH KYJIbKH 3aXOJATh y MOYATKOBE IOJIOKEHHS, PyXalOUUCh MPHU
LbOMY 10 TOXWJIMX 3BOPOTHUX KaHaBKaX 3 KyTOM HaXuily ) Ha TOPLEBIA MOBEPXHI BEIEHO1
niBMyQTH (JiHIA de) 1 3IIMCHIOETBCS IEPEMIIICHHS IIHEKAa Ha BEIUYMHY X,, TOOTO

B110yBa€ThCS IUIABHE BIIHOBJIEHHS poO0OYOro CTaHy TBUHTOBOTO KOHBEEPA.
Ha puc. 2 nokasano 3aranbHuil BUrisaj (a) 3ano6i>kHo1 MypTH Ta 3arajlbHUA BUTIIST
(6) pobouoi moBepxHi BeA€HOT NIBMY(PTH.
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a) 6)
Pucynok 2. 3aransuuii BUNIiA () 3amo0kKHOT My(QTH Ta 3araJlbHUN BUIIISA
(6) pobouoi moBepxHi BeAeHOI MIBMYPTH

Figure 2. General view (a) of the safety clutch and general view
(b) of the working surface of the driven semi-clutch

Jlyiss BU3HAYEeHHSI IHTEHCUBHOCTI BIUIMBY TakuX (DaKTOPiB, SIK KyT HAXWIy poOOYOro
Ooprany 10 TOPH30HTY, YacToTa obOepTaHHS POOOYOTro OpraHy Ta 4ac 3pOCTaHHS MOMEHTY
OTOpy, Ha BEJIWYMHY KPYTHOTO MOMEHTY Ha NPHUBOJHOMY Bajly, [I0 BUHHUKAE NpHU
MepPEeMIIIEHHI CUITKOTO YM KYCKOBOTO MaTepially MPOBEJCHO OaratopakTOpHUN eKCIICPUMEHT.

3 METOI0 MPOBEICHHS IOCTIKEHb PO3pPOOJICHO EKCIEpUMEHTATBHUN CTEHH s
BH3HAYCHHS 3MIHM KPYTHOTO MOMEHTY CIpAMIOBaHHSI 3amoObKHOT MydTH, SKUH
npencraBieHo Ha puc. 3 [10]. Bin ckmamaerbes i3 pamu 10, Ha SKil pO3MIIIEHO TBHHTOBUN
KOHBE€Ep, 10 MICTHTh HAmpaBlisiody TpyOy 7, B SAKid pO3TallOBaHWHA ITHEKOBHU poOOYMiA
oprai 6. 3 OOKy 3aBaHTOXCHHS MarepiaJy BCTaHOBIEHO OyHKep 5, a B 30HI HOTO
BUBAaHTOKEHHS BIKHO 3 PETyIhOBAHOK 3aCiiHKOI 9 Ta rampbma Bana mHeka 8. [IpuBoj
pobodoro oprany 3AIMCHIOETBCS Bl €ICKTPOABUTYHA 3 yepes 3ano0ibkHy Mydry 4.

Jns mycky nBuUryHa W peryaroBaHHS 4acTOTH HWOTO OOEpTaHHS BUKOPUCTOBYBAIHU
nepeTBoproBad gactotu 2 (Altivar 71) 3 mporpamuum 3a6e3nedenHsMm Power Suite v.2.5.0.
Cucrema Altivar 71 mpuenHana 1m0 Mepexi Ta 10 komir'totepa 1. HaBaHTakeHHS MOXe
3aJ]aBaTHCh 5K TAIbMIBHUM €JIEMEHTOM, TaK 1 IIEPEKPUTTSIM MTUOCPHOT 3aCITIIHKH.

JJis1 BCTaHOBIIEHHS 3aJIS)KHOCTI 3MIHM KPYTHOTO MOMEHTY CIPAIfOBaHHS 3alI00DKHOT
MypTH CUIIKHI a00 KYCKOBHI MaTepiall 3acHNalid B OyHKep 1 TpaHCIOPTYBAJIA HOTO 10 30HH
BHUBaHTKEHHS.

[Ticst 3aBepiIeHHsT IPOIIECY TPAHCIIOPTYBAHHS MaTepiany y BikHI mporpamu Power
Suite Ha nucIIIEl KOMIT I0Tepa OTPUMYBAIH JaH1 PO 3MIHY KPYTHOTO MOMEHTY. OIiHKa HOTo
KOJIMBaHb pealidyBajach 3a paxyHOK IOOyJOBH Ta TMPOBEACHHS MOPIBHIEHOTO
Gararodakroproro excrnepumenry tuny [IOE P', ne P — «xinbkicts piBHIB BapiroBaHHs
dakxropa; k — KUTbKICTh (PaKTOPIB, SKi MPUCYTHI B CKCIICPHMEHTI.

Jis oTpuMaHHS perpeciifHOi Mojedi mapamerpa ONTHMI3allii, SKy HpUAMand y
Burisinl ¢pynkuionana 7 = f(x,;x,...x;), ne T — KpyTHAI MOMEHT Ha IIPUBOJIHOMY Baiy Bif 1
IO [-TO0 BHNAIKY; X,;X,..X; — HarypalbHi HE3JIEKHI 3MiHHI (aKkTopn, BHOMpaIH

BIIOBIIHMI yMOBHUH IUIaH 0araTo(akTOPHOTO EKCIICPUMEHTY, peaji3allilo SKOTro
MIPOBOIMIIN Y TaKil MOCITIJOBHOCTI.
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Hns BU3HAYCHHS 3MIHU
KpyTHOro MoMeHTy 7 mpu poOoTi
3amoObKHOT  MYy(QTH  He3aJIeKHUMHU
3MIHHUMH (akTopaMu OpUMManu: KyT
Haxuiy pob04oro opraHy 10 TOpU30HTY
0, SKAW KOIyBaIM IHIAEKCOM X,
4acTOTy OOepTaHHs IIHEKa #n, SKYy
KOJyBaJIM 1HJIEKCOM X, 4ac 3pOCTAaHHS
MOMEHTY omnopy 71,, SKHI KOIyBaJIH
IHIEKCOM X3.

[Ipn noOynoBi miIaH-MaTpULl
0arato(akTOpHUX EKCIIEPUMEHTIB BBO-
JWJIA KOJOBaHI MO3HAUYEHHSI BEPXHBOTO,
HUKHBOTO Ta HYJIbOBOIO pIBHIB Ba-
pIIOBaHHA KOXXHUM  (pakTopoM, Kl
BIANOBIAHO mno3Hayanu sk (+1), (-1),
(0). Pesymbratm KOIyBaHHS 3MIHHHX
¢dak-TopiB 1 PpiBHI IX BapirOBaHH:
HaBeJIeHO y Tabm. 1.

[licns konyBaHHA  (aKTOpiB

Pucynoxk 3. KoHCTpyKTHBHA cXeMa (a) Ta 3aralbHUil CKJIa/laii IIaH-MaTpUIIO BIAIIOBIAHOTO
BUIIIAA (0) eKCIepUMEHTAIBHOTO CTEHAY AL 0araTo()akTOpHOIO €KCIEPUMEHTY THILY
JOCIIKEHHS 3a11001KHOT My TH [I®E 3° nmys 3arajgbHOTO YKCIa JOCIIIIB
. . 3 . . .
Figure 3. Design scheme (a) and the general view (b) of N = 3”. 3 MeTOI0 IOCTOBIPHOI OLIHKM
the test bench for investigations of the safety clutch SKOCTI poOOTH 3amoObKHOT MydhTH
T'BHH-

TOBOTO KOHBE€pa IIiJ] 4ac IMPOBEACHHS JAa0OpaTOpHUX AOCIIIKEHb, HEOOXIIHY KUIBKICTbH
BUMIpPIB IOKa3HMKIB, IO KOH-TPOJIIOIOTHCS (MOBTOPHICTH JOCHIAIB) BHM3HAYaaud 3a
METOJIMKOI0, SIKa BUKJIaJIeHa B [8], TP IIbOMY JOCIIIIU TPOBEIN B TPUKPATHIA MTOBTOPHOCTI.

Tabauus 1
Pe3ynbTaTi KOAyBaHHs (akTopiB Ta piBHi ix BapitoBamms [IDE 3°
[To3nauenns | IHTepB. PiBH1 BapitoBaHHS,
dakropu . .
Kon | Hatyp | Bapios. HaTyp./KOJ0BaH1
Kyr wmaxuny pobGouoro oprany 1o X . 20 0/-1 20/0 40/+1
TOPU3OHTY « , TPaJ
YacTtora obepranHsi poOOYOro oOp- X o 50 50/-1 100/0 | 150/+1
ramy, n, 00/xB
Yac 3poctanHs MOMEHTY onopy 1,, € | X3 X3 0,25 0,2/-1 | 0,45/0 | 0,7/+1

[Ipu peanizauii ckiafeHUX IUJIaH-MaTpHIlb, JJIi YCYHEHHS BIUIMBY Ha OTpUMaHIi
pe3yJbTaTH BEIMUMHU KPYTHOTO MOMEHTY Ha IPUBOJHOMY Bally BIUIMBY HEKOHTPOJIbOBAHUX 1
HEeperyapoBaHuX (HakTopiB, MPOBEIU PaHAOMI3alll0 IUIAH-MaTPHIl METOJIOM BHIIaIKOBOTO
OanmaHcy, skuii Oyyno peani30BaHO CIIOCOOOM BHTSTAHHS TOPSAJIKOBHUX HOMEPIB TOCIIIB
3 ypuu [8].

3MiHa KyTa Haxuily pob04oro opraty JI0 TOpU30HTY 3a0€31eUyETHCS KOHCTPYKIIIEIO
IBUHTOBOIO KOHBEEpA, YacTOTy OOepTaHHS poOOYOro opraHy Ta 4yac 3pOCTaHHS MOMEHTY
OTIOpY 3MIHIOBAJIM 32 JJOTIOMOTOI0 TIepeTBOproBava yactotu Altivar 71.

OyHKUiI0 BIATYKY (mapaMmerp onTuMizaiii), TOOTO 3MiHA BEJIUYUHU KPYTHOTO
MOMEHTY CIpallOBaHHS 3amoO0DKHOI My(TH MPU TPaHCIOPTYBaHHI KYCKOBOIO Ta CHUIIKOTO
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MmatepianiB T = f (a; n,T, ) , BU3HAUEHOI EKCICPUMEHTAJIBHUM UUIAXOM, IPEACTABICHO Y
BUIJISI/I1 AIPOKCUMYIOYOT MaTeMaTUYHOT MOJIEN1 TIOBHOTO KBAPATHOTO MOJIHOMA.
3arajabHUI BUTJIA] PIBHSAHHS perpecii KpyTHOrO MOMEHTY CIIpalfoBaHHs 3al100DKHOT
My(QTH 3aJI€KHO BiJ 3MIHM KyTa Haxuiay poOOYOro opraHy A0 FOPU3OHTY ¢ , HOro 4acTOTH
o0epTaHHs 1 Ta yacy 3pOCTaHHS MOMEHTY onopy 7 3a pe3ynbraramu npoBenaeHux [IOE 3?
o

y KOJOBAHHUX BCIIMUYMHAX Ma€ BUI'JIAL
T =106,091—0,019x, +0,142x, - x, —0,012x, - x, +0,062x7. (1)

[Ticnst mpoBeneHHS HEOOXIAHUX OOUYMCIIEHb Ta PO3PAaxXyHKIB BHUBEJIEHO DIBHSIHHSI
perpecii B HaTypaJbHUX KOOPJIAMHATAX, IKE Ma€ BUTJIS]

T =106,091-0,019¢ +0,142an —0,012nT, + 0,0627;’. (2)

3a pe3yJabTaTaMH pO3paxyHKiB, SKI TPOBOJMUIIN 32 JIOTIOMOTOIO MAKETy MPUKIIATHUX
CTaTUCTUYHUX IMPOrpaM OMNpALIOHHS Ta aHali3y pe3ylbTaTiB EKCIEPUMEHTAIbHUX
nocaiykens Uit T1K, OynyBanu 3ai1ekHOCTI MOBEPXOHb BIATYKY IapaMmeTpa onTHMI3allli Ta
JBOMIpHUH Mepepi3 MOBEPXOHb BIATYKY AJI1 HAOYHOTO 300pa)kKeHHs pe3y/IbTaTiB IPOBEICHUX
€KCIIEPUMEHTAJIbHUX JOCIIIKEHb.

OtpumMaHi perpeciiiHi 3aJeXHOCTI KPYTHOI'O MOMEHTY IpU TpPaHCHOPTYBAaHHI
KYCKOBOTO Ta CHIIKOI'O MaTepialliB y BUIIIAAl GpyHkuioHana 7 = f (a;n;To ) XapaKTepU3yBaIu
BIUIUBU OJMHUYHUX (akTOpiB (Kyra Haxuiay poOOYoro oprany A0 TOPU3OHTY « , HOTO
4acTOTH 0O0epTaHHA 71, Ta Yacy 3pOCTaHHS MOMEHTY omnopy 7)) Ta iX B3a€MOJIIO Ha IapaMeTp
ONTHUMI3aIlii.

Ha puc.4 -6 300paxeHO MNOBEpXHI BIATYKY Ta iX JBOMIpHUN Iepepi3 3MiHU
KPYTHOTO MOMEHTY CIPAIFOBaHHS 3an00DKHOT MydTH BiJ KyTa HaxXmiIy poOOYOro opraHy 1o
TOPU30HTY (& , HOTO 4acTOTH 0OEpTaHHS 1, Ta Yacy 3pOCTaHHSA MOMEHTY onopy 7, .
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Pucynoxk 4. [ToBepxHs BiAryky (a) Ta qBOMIpHHH Iepepi3 MOBEpXHi BIATYKY (0)
sanexHocti T’ = f(n,a) npu T,=0,45c
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Figure 4. Response surface (a) and two-dimensional cross-section of the response surface (b)
of dependence T = f(n,a) at T,=0,45c
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Pucynoxk 5. [ToBepxHs BiAryky (a) Ta qBOMIpHHH Iepepi3 MoBEpXHi BIATYKY (0)
sanexHocti T’ = f(a,T)) npu n=10000/xB

Figure 5. Response surface (a) and two-dimensional cross-section of the response surface (b)
of dependence T = f(a,T,) at n=100006/xB
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Pucynok 6. [ToepxHs BiAryky (a) Ta qBOMIpHHH mepepi3 MOBEpXHi BIATYKY (0)
sanexHocti I’ = f(n,T,) npu o =20°

Figure 6. Response surface (a) and two-dimensional cross-section of the response surface (b)
of dependence T = f(n,T)) at @ =20°

BceranoBneHo, 1m0 HalOUIBIIMN BIUIMB HAa BEJIWYMHY KPYTHOIO MOMEHTY I Mae
yacToTa o0epTaHHsa poOOYOro oprany # (3MiHa n IPU3BOAUTH 10 3pocTaHHs 'y 2,14 paza).
Jlai 3a IHTEHCUBHICTIO BIUIMBY HA MOMEHT 7 € BEIMYMHA KyTa HaxXuiy poO0OYoro oprany 1o
TOPU30HTY @ (3MIHa  MpPU3BOAMUTH N0 3pocTaHHs 7'y 1,98 paza) 1 HaliMeHIIMI BIUIMB Ha
3HAYEHHs KPYTHOTO MOMEHTY " Ma€ BeJIM4YMHA 4acy 3pOCTaHHS MOMEHTYy oniopy 71, (3miHa 7
npu3BOAUTH 110 nafiHug 7'y 1,17 pasn).

BucnoBkn. Ha OCHOBI mpoBeIE€HOro MAaTEHTHOTO OIVIALY Ta aHali3y ICHYIOUUX
KOHCTPYKTUBHO-TEXHOJIOTTYHMX CXEM 3aXHUCHUX IPUCTPOIB TI'BUHTOBUX KOHBEEPIB
3apONOHOBAHO HOBY KOHCTPYKIIIO 3amoODKHOI My(TH, siIKa JT0O3BOJISE CYTTEBO 3MEHIIHUTH
OUHAMIYHI HABaHTaXEHHS Ha MPUBOJ, ULI0 3HAYHO MiABMINYE JOBIOBIYHICTH Ta
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MAIITHHOFRY]YBAHHA, ABTOMATH3AIIIA BAPOSHHUIITBA TA ITPOI[ECH MEXAHI9YHOI OFPOFKH

eKCIUTyaTal[liiHl XapaKTepUCTUKH IIHEKOBHX TpaHcmoprepiB. s mpoBeneHHS AOCTKEHb
3anmo0iKHOT My(GTH PO3pOOIEHO Ta BUTOTOBJICHO €KCIIEPUMEHTAIBHUIN CTEH/T JIJIsl BU3HAYCHHS
ONITUMAIILHUX MAapPaMETPiB Ta peKUMIB poOOTH TBUHTOBOTO KOHBEEPA MPH MEPEBAHTAKEHOMY
po6ouomy oprani. Takox mnpoBeaeHO OararoakTOpHUN EKCIEPUMEHT, Ha OCHOBI SKOTO
OTPUMAHO pErpeciiiHy 3aJeXHICTh 3 BU3HAUEHHS BIUIMBY KyTa Haxuiy poOO4Oro opraty a0
TOPU30HTY « , YaCTOTU OOepTaHHS POOOUYOro OpraHy 7 Ta 4acy 3pOCTaHHS MOMEHTY OIOpPY
7, Ha MOMEHT CHpaloBaHHs 3ano0ibKHOT My(pTu. dakropHe MOJIe BU3HAYAIOCH TAKUM

Jiana3oHOM 3MIHU MapameTpiB: 0° <« <40°; 50<n<150 00/xB; 0,2<7,<0,7 c. BcranoBneHo,

10 HaWOUIBIINI BIUIMB Ha BeJWYUHY 7 Mae n (3MiHa n MPU3BOJAUTH A0 3pocTaHHsd 1y 2,14
paza). Jlanmi 3a IHTEHCUBHICTIO BIUIMBY Ha I € BelIMYMHA o« (3MIHA o TPU3BOIUTH 0
3poctanHs 7'y 1,98 pa3a) 1 HaliMeHIIMi BIUIMB Ha BeuyuHy 7' Mae 7, (3MiHa 7, NPU3BOAUTH

no namians 7'y 1,17 paza).

Conclusions. On the basis of the patents review and of the analysis of available
structural and technological schemes of safety clutches of screw conveyors a new
construction the safety device, which can significantly decrease the dynamic load on the
drive, which result in raising durability and operating characteristics of screw conveyors, has
been proposed. To carry out investigation of the safety clutch a test bench to determine the
optimum parameters and operation regimes of the screw conveyer under overloading of the
operating unit has been developed and produced. Moreover, a multifactor experiment has
been performed, basing on which the regression dependence for finding the effect of
inclination angle of the operating unit to the horizon «, the frequency of the operating unit
rotation n, and the time of the resistance moment 7, increase at the moment of the safety

o

clutch action, have been found. Factorial field has been determined by the following range of
the parameter change: 0°<a <40°; 50<n<150 rotation/m; 0,2<7,<0,7 s. It has been found,

that n has the greatest influence on the value 7 (the change in # causes the increase of 7'in 1,2
times). The next rated according to the intensive influence on 7 is the value « (the change in
a results in the increase of 7 in 1,98 times) and 7, has the least influence on 7' (the change in

a cause results in s the increase of 7 in 1,17 times).
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IBan I'eBKO, 1OKT. TexH. HayK, Ouier KaTpuu
TepHoninbcoKkuil HAYIOHAILHUL MEeXHIYHUU YHIgepcumem imeni leana 1lynros

CHUHTE3 CITIOCOBIB HABUBAHHS I'BUHTOBUX 3AI'OTOBOK

Pesiome. Bucsimieno cunmes HO8UX CNocobi6 HABUSAHMS 2GUHMOBUX 3020MOBOK MEMOOOM
l€papxiunoeo 2pynyeamHs 3a OO0NOMO20I0 MOp@onociunozo ananizy. IIpoananizosano OCHOGHI cnocobu
HABUBAHHS YWITHOPUYHUX 1 NPOQINTbHUX 26UHMOBUX 3A20MOGOK. [l NOWLYKY HOGUX i0etl 3i CMBOpeHMHs.
npocpecusHux cnocobié HABUBAHHS CHIpAiell WIHEKI8 BUKOPUCHAHO MemoO CUHMme3y IEpapXiuHux epyn 3d
00nOMO2010 MOPPON02IUH020 aHANi3Y, 8 pe3yibmani 4oeo ompumano 32 eapianmu piwens. Buxopucmogyroyu
OaHuil Memoo cunmesy, po3poOieHo 08a CNOCOOU HABUBAHHS 26UHMOBUX 3A20MOBOK NO 306HIWHIN NOBEPXHI
WITbHUM NAKEemMOM Ma HA KPOK, HA SIKI OMPUMAHO NAMEHM HA KOPUCHY MOOelb Md NO3UMUEHEe DIueHHs Npo
suoauy OeKkaapayitinoz0 NAmeHmy Ha KOPUCHY MOOedb. Y NOPIGHSHHI 3 MPaouyiiHumMu cnocobamu Oanutl
MEeXHON02IYHULL Npoyec HABUBAHHA 2BUHINOBUX 3A20MMOBOK NO 306HIWHIN NOGEPXHI € MEHUl eHepeOMiCMKUL,
3abe3neyye nNoOGepXHeaUll HAKAEN HA MOPYi WHeKA ma 3HAYHO NIOSUWYE NPOOYKMUBHICIb Npayl 3d paxyHOK

CYyMIWenHs OCHOBHO20 YACY HA HABUBAHHSL MA KAIOPYGAHHS.
Knrouosi cnosa: 26unmosi 3a20moexu, MopGonociunuil ananis, Cunmes iEPaApXivHux pyn, HasUaHHs,
Memo0 cunmesy, GoOpmMoymeopenHsi, nPOQiIbHI CRIPAli UIHEKIE.

Ivan Gevko, Oleh Katrych

SYNTHESIS OF THE SPIRAL PIECES COILING METHODS

Summary. The design of the spiral pieces coiling methods with technological possibilities and
minimum energy expenses has been developed. The calculations of the desing spiral pieces options have been
presented taking advantage of the morphological analysis method. The morphological model, design
characteristics of the coiling process of the spiral pieces are presented as the morphological matrix.
Determination of the options number of the spiral pieces design, which the matrix includes and application of
the combination method of the hierarchy group synthesis was carried out taking advantage of the morphological
analysis. To find new ideas and create advanced methods of screw spirals coiling it is worth using the
conventional method of morphological analysis, which makes possible to obtain the complete number of
solutions and their advanced option the method of hierarchy groups synthesis using morphological analysis
which deals with the generation of options at separate hierarchy levels or within separate design elements
starting with the higher ones, which provides obtaining the most reasonable design solutions which save
expenses, force and time. The goal of construction characteristics and pieces of the spiral coiling is to obtain the
design with improved engineering-economic characteristics taking advantage of the hierarchy grouping method
using morphological analysis. With this purpose Table 1 includes design characteristics and necessary element,
which are used while spiral pieces coiling, the number of rolls and their location relatively the mandrel type,
mandrel material, pieces shape pieces feeding in particular, as well as some characteristics of the coiling

process, that is, the package density and the number of coiled pieces.
Key words: screw blanks, morphological analysis, synthesis of hierarchical groups, coiling method of
synthesis, morphogenesis, profile spirals screw.
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