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The research of regularities of the change of geometrical parameters of toothing in gear pump

The objective of the research is the development of theory to create a physical and mathematical model of
the process of instant feed of a gear pump. That will allow explaining the peculiarities of the instant feed and the
pressure in the process of operating cycle.

The article presents the proof of the theorem about special movement of the elements of evolute toothing
which is the theoretical basis of the decrease of pulsation of geometrical instant feed of gear pump during all the
period of toothing excluding the pitch point.

We have proved the theorem of the theory of evolute toothing which determines the speed of area change
described by radiuses that connect the centres of gear rotation with pitch point. The proved theorem may be used
while designing gear pumps because in a gear pump the evolute toothing carries out two functions. First, toothing
is used to transport hydraulic fluid from suction chamber to injection chamber and provides increase of pressure of
hydraulic fluid together with other sealing elements of a pump. Second, toothing plays a traditional role of
transforming of rotation moment from pump drive to driven gear. It is an additional function in a gear pump.

The proof of the theorem shows that traditional image of pulsation of instant feed and pressure in the
process of feed of hydraulic fluid in gear pumps is not absolutely true to the reality.
eevolute toothing, pitch point, envolute, angle of toothing, gear pump, instant feed, geometrical feed
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OOrpyHTyBaHHsI MOCTA4YaJbHOTO IIPUCTPOIO YCTAHOBKHU
Oe3nepepBHOI i1 IS 3aBaHTAXKEHHS CUIIKUX MaTepiajliB

BusHaueHHil BIUIMB MapaMeTpiB ITOCTAYajbHOTO MPHCTPOIO Ha MBHAKICTH PYXy CHIIKOTO Martepiany B
KaHaJlax TMaTpyOKiB B CTaliOHApPHOMY MOJOKEHHI 1 TMpH OOepTaHHI MPUCTPOIO, 3MiHA JIHIKHOI TMHTOMOI Macu
CHIIKOTO Martepiasy B MaTpyOKaX, a TaKoXX IIEHTP Mac CHIIKOTO MaTepiady. YCTaHOBJIEHO, MO IIBHIKICTH PyXY
CHIIKOTO MaTepialy B KaHaNax MarpyoOkKiB Mpu oOepTaHHI MPHUCTPOIO 30UTBIIYETHCSA BiAHOCHO HOTO CTaliOHApPHOTO
TMOJIOXKEHHSI, 110 BUKITFOUYAE MTOPYIIEHHS TEXHOJIOTIYHOTO MPOLIecy i3-3a 3a0MBaHHs KaHaJiB MaTpyOKiB.
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O0ocHOBaHHME NMHTATEJBHOr0 YCTPOHCTBA YCTAHOBKH HENPEPBLIBHOIO ACHCTBUS JJISl 3aIPY3KH CHITY4YHX
MaTepHaJIoB

OrnpeneneHo BAMSHUE [AapaMEeTPOB MUTATENBHOIO YCTPOWCTBA HAa CKOPOCTb JBW)KEHHS CBIIIYYEro
MaTepualia B KaHajaX IaTPyOKOB B CTAlMOHAPHOM ITOJIOKCHWW W TIPH BPAICHUH YCTPOWCTBA, W3MCHCHHE
YICTHHON JTMHEITHON MacChHl CHITyYero MaTepHalia B KaHaje YCTAHOBKU. Y CTaHOBIICHO, YTO CKOPOCTPH CHIMYYero
MaTepHaja B KaHajaX MaTpyOKOB IPHU BPAIIEHHH YCTPOICTBA YBEIMYMBACTCS OTHOCHTENBHO €r0 CTAIlMOHAPHOTO
TIOJIOXKEHMS, YTO UCKITIOYAeT HAPYIICHNE TEXHOIOTHYECKOT0 MPoIiecca n3-3a 3a0NBOK MaTpyOKOB.
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IMoctanoBka mpodaemu. PoOoTm MO  3aBaHTaXEHHIO  CUINKUX  MarepiajiB
CUTBCHKOTOCTIONIAPCHKOTO BUPOOHMIITBA, 3€PHOINEPEPOOHOI, XapyoBOi Ta IHIIUX Tamy3ei
rocroJapcTBa € TPYJAOMICTKUMH 1 €HEproeMHUMHU. AHami3 poOOTH ICHYIOUHMX KOHCTPYKIIIH
MaIliH JJI1 3aBaHTAKCHHS CUIKUX MaTrepialliB MOKa3ye, M0 BOHU TOTPEOYIOTh 3HAYHUX
BUTpPAT €HEprii, JOMYyCKAaITh TOPYIICHHS TEXHOJOTIYHOTO TMpolecy, He 3a0e3MevyrTh
YHIBEPCAILHOCTI Ta BUCOKOi TOYHOCTI JO3YBaHHSA. BUXOIS49M 3 BHUKIAJIEHOTO, MPOBEICHHS
JOJATKOBUX JOCHI/DKCHb 10 BJIOCKOHAJICHHIO MMOCTAYaJIbHUX TPUCTPOIB IS 3aBaHTaXKCHHS
NpiOHO3EPHUCTUX CLIBCHKOTOCIIONAPCHKUX MatepiaiiB 1 cymimeld y KiamaHHi MiIIIKd €
aKTyaJbHUM 3aBIaHHSIM.

AHaJii3 OCHOBHUX JOCJiIxKeHb 1 myOJikamiid. B ycranoBkax 6e3mepepBHOi il st
3aBaHTAKCHHS CUIIKMX MaTepiajiB B KJIAMaHHI MIMIKKA MepeadadyeHo psii HOBUX PIlICHb IS
IIBUIIICHHS TEXHOJIOTIYHOT HAJIMHOCTI, 3HIKCHHS CHEPIeTUYHUX BUTPAT.

Jlo mux pilieHb BITHOCATHCS: CTA0LII3aTOp TMOTOKY CHIIKOTO MaTepiaiy, peryJsTop
BUTOKY 3 KOHYCHHUM 1 IUIOCKMM CKaTOM, TIOCTaYaJbHUN TPUCTPiH, ONOKM Cekmii 3
BEPTHKAJILHUMU 3aBaHTXyBIBHUMU cekilisimu [1, 2, 3.].

[Mocravaneauii puctpiii (puc. 1.) nmpeacrasise co60r0 POTOP 3 BEPTUKAIBHOIO BiCCIO
obepranHst (MEepiOMYHO 3AIMCHIOE 3BOPOTHO-OOCPTOBUN PyX Ha mepeadadyeHuil KyT), IO
MICTUTh TPUUMAIIbHY 4YacTUHY 1 matpyOku. [1oBOpOT 3mIMCHIOETBCS €lIeKTpoMarHiraMu abo
cepBoaBuryHoM Ilo marpyOkam mocTiiHO pyXaeThCsl CUIIKUN MaTepial.

1 — npuiimanbHa yacthHa, 2 — naTpyOku; 3 —Bich; 4 — CEpBOJABHUIYH 200 €JIEKTPOMArHITH

Pucynok 1 — CxeMa nmocTayajgpHOrO MPUCTPOIO

Hine pocaixxenns. [Iposectn aHanmi3 BIUIMBY MapaMeTpiB MOCTAYaIbHOTO MPUCTPOIO
Ha MIBUKICTH MEPEMIIIEHHICUITKOTO MaTepiary Mo marpyokaM rmpu oO0epTaHHI poTopa.

OcHoBHa yacTHHA. Po3risiHEMO pyX MaTepiajbHOI YACTUHKY 110 KaHally naTpyOka mpu
CTal[lOHapHOMY IIOJIOKEHHI I10CTavyajbHOrO0 MPUCTPOIO 1 MpU OOEpTaHHI POTOpa, a TaAKOXK
BU3HAYMMO LIEHTP MacH CUIKOr0 MaTepiayly B MaTpyOi 1 3MiHy JiHIHHOT MUTOMOT Macu CUIIKOTO
Mmarepiany B maTpyoi.

Ha marepiaibHy YaCTMHKY CHUIIKOTO MaTepiaiy, L0 PyXaeTbcs MO KaHaIy HaTtpyoOka,
npu o0epTaHHI POTOpa MiFOTh HACTYITHI CHIIH:
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1. Cuma Barm P =mQ, sKa pO3KIaJaeThcs Ha JBi CKIaAoBi: MQSINP, sika mie
MEePHeHIUKYIISIPHO 70 TMOBEPXHI marpyOka 1 Bu3uBae mpu pyci cwiy Tepts fmgsinf, i
Mg CoSf, sika HampaBlieHa MapalieibHO pyXy Marepiany, ae f — koediumieHT TepTs CHIKOTo
Marepianay Mo CTiHIl maTpyOka, B — KyT Haxuiay narpyoka g0 BepTHKAJII.

2. Binnenrposa cuna F, = Mm’r , IKa HampaBJIeHa Bijl IEHTPa POTOPa, JIe  — KyTOBa
HIBUKICTh OOEPTaHHS pOTOPA.

3. Cumna Kopiomica F, =2moV sinf.

4. Cunateprs F; = fN, ne N — peakuis marpyoOxka.

[Ipu cramioHapHOMY TOJIOKEHHI TIOCTaYaIbHOTO MPUCTPOIO HA MAaTEpiaibHY YaCTUHKY
JII0Th cUja Baru i cuna tepts F; .

Obuucnenns sycmunu, macu mamepiany 6 nampyoi ma yeHmpy mac iepe3 weuoKicmo
Pyxy.

Posrnsimaemo CcTOBI CHOIKOTO MaTepialy B MaTpyoOlll sIK CTEp>KEeHb 3MIHHOI T'yCTHHHU.
3HAr0YM 3aKOH PO3MOJILTY TYyCTHHU, MOKEMO BU3HAYUTH Macy 1 IIEHTP Mac CTOBIIA MaTepiary B
narpyo6ui. Bupasumo nani ryctuny y(X) yepe3 MIBUIKICTh PyXy YacTHHKH V(X) .

) X x+Ax L X
PosristHeMo Manuii Biapizok [X, X + AX] moBxkuHOH AX . [IpHmycTHMO, 10 Ha IbOMY

BIIPI3KYy INBUJAKICT pyXy Marepially 3alMIIAEThCs CTanow 1 jopiBHioe V(E), ne
X <& < X+ AX. YacTuHKa MPOXOUTH BKa3aHWH Biapi3ok 3a uac At = Ax/V(E). Orxe, maca
Am wmatepiany Ta JiHifiHa rycTHHa Y(X) Ha IbOMY BIiAPI3KY BH3HAYAIOTHCS HACTYITHHUMH
HaOJIMKEHUMH PIBHOCTSIMH:
Am=~q-At=q-Ax/V(E), 7(X)=Am/Ax=~q/v($),

Je (] — rmojiaya CUIKOro MaTepiany.

[lepeiimoBmm B ocTaHHii piBHOCTI A0 rpanuui npu AX — 0 1 BpaxyBaBuIH, IO MPH
oMy & —> X, OTpUMY€eMO TOUHY (OPMYJTy AJIsl TYCTUHH CTOBIA B TOYIII X!

Y()=a/v(x). 1)

Maca marepiany B naTpy0i Ta IIEHTp Mac BU3HAYAETHCS HACTYITHUM YHHOM:

i 5 dx
M = [0 =a] @
1k qf x
x:ﬁlxv(x)dx:ﬁomdx. 3)

Bigmitumo, mo dopmymu (1-3) crnpaBeanuBi SIK sl CTAlliOHAPHOTO ITOJIOKCHHS
naTpyOKy, Tak 1 JUIsl BUTIAJKY, KOJIH BiH PyXa€eThCs.

Pyx yacmunku 6 nampyoi 6e3 obepmanus pomopa.

VY upoMy BUMAJIKy HIBUAKICTH MaTepiajJbHOI YACTHUHKH, SIKa PYyXA€ThCS M J1€10 CUIIU
Baru i cuim tepts Fr, Bu3HadaeThes 3a hopMyIioro:

v=\/29(cos[3—fsin[3)x+v02. (4)
BukopucroBytouu piBHsiHHS (1), OTpUMy€EMO:
Y(x) = i . (5)

J29(cosB - f sinB)x+v,’

Bu3nadaemo Macy CHITKOro Martepiany B marpyoi 3a gonomororo ¢hopmyinu (2):
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L dx

0 \/Zg(cosB— fsinB)x+v,”

[IpoiHTerpyBaBIy, OAEPKYEMO:

" =q\/ZQL(cosﬂ— fsinB)+v,” —v,

M =q

: , (6)
g(cos g — fsing)
e Vo — MM0YaTKOBA MIBHUKICTh CUIIKOTO MaTepiaiy.
3acTOCyBaBILH 3aJICKHICTH (3) BU3HAYAEMO IICHTP Mac Martepiaily B narpyoi:
L
x=1 X dx.
M3 \/Zg(cosB — fsinB)x+v,
[MpoinTerpysasiiu i Bpaxysasiiu yMoBy (6), oxepxyemo:
1 vo(\/ZgL(cosB— fsinp)+v, —vo)
X==L+ - : (7)
6g(cosp— fsinp)
OcranHi0 (HOpMYITy MOXKHA TPESCTABUTH Y BUTIISIL
v,M
g =iy YoM ®)
3 6q
Pyx wacmunxu 6 nampyoi 3 0bepmanbHum pyxom.
YacTtunka (MaTepianbHa TOUKA) PyXaeThes Mmif jieo cumn F
F=F,+P+F,+F,, 9)

ne F, =mo’r =mo’(r, + xsinp), P=mg, FK=2msinB-m-%, Fo=fN (N -

peaxiiis matpyOKa).

Pucynoxk 2 — Po3zpaxyHkoBa cxema

BpaxoByroun BKa3zaHi CIiBBIIHOILIEHHS], 3aIIUCY€EMO PIBHSIHHS PyXy MaTepiajibHOI TOUKH
y mpoexiiii Ha Bick OX:
d’x . . : dx | , . .
dt—2= o (r, + xsinB)sinB+gcosp—2f smBm-E—‘m (r, + xsinp)cosP — gsmB‘f . (10)

Po3rnsiHeMO MIBUAKICTD pyXy YaCTUHKHU V SK (YHKIIIO apryMEHTY X, TOOTO 3poOUMO
B OCTAaHHHOMY PIBHSHHI ITiJICTAHOBKY:
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dx d’x  dv
—=V,V=V(X), —=V—. 11
dt ) dt>  dx (1)
Maewmo:
%:l(coz(ro+xsin[:‘5)sin[3+gcos[3—2fsinB-cov—‘coz(ro+xsin[3)cos[3—gsin[3‘f).(12)
X vV

B piBusani (12) MOXHA 1M030aBUTHCS MOAYJIA, SKIIO BpaxyBaTH HAMpsAM PiBHOMIFOUYOL
CHJI, SIKI JIOTh MEPHEeHIUKYJSPHO 10 HWXKHBOI 1 BEPXHBOI CTIHOK matpyOka. JlocmikeHHs
BKa3aHOI PIBHOJIFOYOI MPEACTABIISIE TAKOXK 1 CAMOCTIMHUN 1HTepec. BenmnuuHa 1 HampsMm 1€l
BEJIMYMHU BU3HAYAIOTHCS (DYHKITIEIO:

(o, x) = (0°(r, + xsinB)cosp— gsinB) f . (13)

Hwxkue naBemeni rpadiku (yHkiii U(wm,X) mpu aeskux (GiKCOBAHUX 3HAYCHHAX X

(puc.3) i o (puc.d). Sxmo o< \/g -tgB/(r, + LsinB), 1o u(w,x)<0 mpu Oymgp-skomy
X e€[0,L] (mms B3sTHX 3HA4YeHb mapaMeTpiB ® < 3,87). YV oMy BHMIAIKy IMOTIK Marepiaiy
pyXaeTbcsi MO HWXKHIA CTIHII marpyOKy, mnoaiOHO ToMy, SK 1€ BiAOyBaeTbCs MpH
CTal[lOHapHOMY IOJIO’KEHH1 nmaTpyoka. Skmo o > m , T0 U(®,X) >0 1pu Oyb-skomy
X €[0,L] (mnst B3sTHX 3HaYCHb MapameTpiB @ >5,72). YV nauiil cuTyarii MoTiK 3MIllyETHCS JI0
BEPXHBOI  CTIHKH marpybOka. Skmo x \/g tgB/(r, + LsinB) <w<,/g-tgp/r,, O

npu X € [0, L] dynkuis u(w,X) npuiiMae 3HaYCHHS PI3HUX 3HAKIB. Y [IbOMY BHUIIAJKy YaCTHHA

NOTOKY MPUTUCKAETHCS JI0 HWKHBOI CTIHKM NaTpyOKy, a 4YacTMHa — 10 BepxHboi. [lpm

® > ./g-tgPB/r, piemsHHs (12) HepenucyeTbCs y BUMIISII

ﬂ:%(mz(ro +xsinp)sinB+gcosp—2f sinB-wv—(w?(r, + xsinB)cosp— gsin)f). (14)

dx
20
15 1
//
u(w,0
w0 .
u(w,0.25) //

uw,05) 5
o, //_,,- /

0 2 4 6 8 10

Pucynoxk 3 — 3aiekHICTh PIBHOAIIOYHX CHUII, LIO JIIOTh HEPIIEHANKYISIPHO 10 HHXKHBOT 1 BEPXHBOT CTIHOK
natpy6ka Bix Kyrooi mBuakocti npu: f=0,4; B = /4 ; re=0.3m; Vo=0.1m/c; g=9,8; L=0,5m; q=1 kr/c
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PucyHoxk 4 — Po3mo/iinn piBHO/AIIOYHX CHJI, IO JIOTh HEPIEHIUKYIISIPHO 10 HHKHBOT
1 BEpXHBOI CTIHOK NaTpyOKa 1o JJOBXKHKHI naTpyoka:
f=0,4; B =n/4; r;=0.3m; vo=0.1m/c; g=9,8; L=0,5m; g=1 kr/c

Hudepenuianphe piBHsHHS (14) iHTErpy€eThCs aHATITUYHUM METO/IOM, alie OTPUMAHHIA
saranpHuil inTerpan D(X,v,C)=0 € mocuTh TPOMI3AKHUM 1 BKa3aHEe CIIBBIIHOMICHHS HE

PO3B’S3Y€ThCS BIZHOCHO V. B 3B’s3Ky 31 BKazaHMM, 3alexHICTh V=V(X) Oyra oTpuMmaHa
YHCENILHUM METOJIOM 32 IOMTOMOT00 MaremMatudHoro makery Mathcad [4].

Ha mnaBemenux Hmxue pucyHKax V(X) — IMIBHIKICTh PyXy YaCTHHKH B MaTpyoOi 3
obepranbHuM pyxoM, VO(X) — IIBHIAKICT PyXy YaCTHHKH MPU CTAIliOHAPHOMY MOJIOKEHHI
naTpyoxa.

300paxeni rpadiku (puc.5, 6) cBimyate mpo Te, MO OOepTANBHHIA PyX NaTpyOKiB
301IbIIY€ MBUIKICTh YACTUHKH.

Pucynok 5 — Po3mozin mBHAKOCTI pyXy CHUIIKOTO MaTepiaiy 1o JoBxuHi natpy6xa npu: f=0,4; B =n/4;
w = 21; 1o=0.3m; vo=0.1m/c; g=9,8 m/c?; L=0,5m; g=1 xr/c
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2.5 T T T T

Pucynok 6 — Po3noin MIBHAKOCTI pyXy CHIIKOTO MaTepiaiy 110 ToBKuHI naTpyoka npu: f=0,8; B =n/4;
w = 27; r=0.3m; Vo=0.1m/c; g=9,8 m/c?; L=0,5m; q=1 kric

BukopucroByroun 3anexHicTh (2) BuU3HauaeMo macy M Matepiany B matpyOi. Jlias
BKazaHux 3HadeHb nmapametpiB (f =0.4) B marpy6mi 3 obepransaum pyxom M = 0,287, npu
cTalioHapHOMY NOJIOKeHHI narpyoky M = 0,467 .

3 HaBEJEHOIO BUIIE, MOKHA 3pOONTH HACTYIIHI BUCHOBKHU:

1. lIBuakicTh pPyXy CHUIKOTO Marepiasly B marpyOlli MOCTAa4albHOTO MPHUCTPOIO
30UTBIIYETHCS MIPU 00EPTaHHI POTOPA MO BIAHOIICHHIO IO CTAIIIOHAPHOTO TOJOXKEHHS POTOPA.
Ile nae MOKIMBICTD YHUKHYTH HAKOTMYIYBaHHS CHITKOT'O MaTepiaiy, 0 MOTJIO O MPUBECTH 10
3a0MBaHHS KaHAIY.

2. [lpn minBuIleHHI  KyTOBOI IIBHJIKOCTI OOEpPTaHHA pOTOpa TMOTIK MaTepiaiy
3MIIY€THCS BiJl HIDKHBOI O BEPXHBOT CTIHKM NaTpyOKa.

3. Maca cunkoro marepiany, IO 3HaXOJUTHCA B MarpyoOIi, mpu obepTaHHI poTopa
3MEHIIYETHCS.

4. OTpuMaHHS TIO3UTHBHOTO  PO3PaxXyHKOBOrO e(eKTy BHUKIHUKAE MpodeciiHy
3alliKaBIE€HHICTh Ui BIPOBA/PKEHHS 11 y BHPOOHHUITBO Ta TMOAAJBIIE MPOMHCIOBE
BUKOPHUCTAHHS B arpONpOMHCIOBOMY KOMILIEKCI.
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Oleg Oryhsaka, Vasily Gutsul, Anatioliy Artiukhov
Kirovograd National Technical University
Rationale feeding devices installation continuous operation to download free-flowing materials

Modern machines for loading friable materials into valve bags require a considerable amount of energy,
allow the loss of fasoo material, as well as the violation of technological process at boot friable materials, so the
improvement of modern mechanization is an actual scientific problem.

The effect of the parameters of the feeding device the speed of movement of the friable material in the
channels of the nozzle in a stationary position during rotation of the device, the change of a specific linear mass of
granular material in the channel setup. It is established that the speed of the friable material in the channels of the
nozzles during rotation of the device increases relative to its stationary position, which eliminates the violation of
technological process of plugging nozzles.

Resume: 1. The speed of movement of the friable material in patrols postchallenge of the device increases
when the rotation of the rotor relative to the stationary position of the rotor. This makes it possible to avoid the
accumulation of loose material that could lead to blockage of the channel.

2. With increasing angular velocity of rotation of the rotor the flow of material moves from the lower to the
upper wall of the socket.

3. The weight of friable material in patrols, when the rotor is reduced.
device, friable material, feeding mechanism, nozzles
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OOrpyHTyBaHHS TIpoliecy €(hEKTUBHOTO KUBJICHHS 1
KOHCTPYKIIIMHOT CXEMH J03YI0YO->KUBUILHOTO
MPUCTPOIO 3€PHOOYHNCHOTO MOJTYJI YHIBEPCAUTBHHUX
ITHEBMOBI1OPOBIAIIEHTPOBUX CeNapaTopiB 3epHa

Bukianeno pesysibTaTé JIOCHTIDKEHb IPOILECIB JIO3YBaHHS 1 JKUBJICHHS ITHEBMOBIIIEHTPOBUX 1
BIOPOBIZILIEHTPOBUX PEHIITHUX POOOYMX OpraHiB CenmapaTopiB 3epHa 3 BEPTUKAIBHHM PO3MIIIEHHSIM OCEH
obepranHsl, ¢(hOPMYITHOBAHO TEXHOJOTIUHI BUMOTH IO J03YHOUO-)KHBUIBHUX MPUCTPOiB, OOTPYHTOBAHO MPOIIEC
e(eKTHBHOIO JKHMBJICHHS, KOHCTPYKI[iiHA CXeMa 1 OCHOBHI MapaMeTpd 03yHYO-KUBHIBHOTO TPUCTPOIO
3ePHOOYHMCHOTO MOJIYJIsl YHIBEPCATbHUX THEBMOBIOPOBIIIICHTPOBHX CEMapaTopiB 3epHa.
cenapauisi, 103yBaHHs, po3Mo/iiJIeHHs], piBHOMipPHiCTh, e)eKTUBHiCTH

A .H.IIpnnyukuii, KaHa. TeXH. HAYK, CT. HAY4H. COTP.

Hayuonanvhviii nayunviii yenmp «Hucmumym mexanusayuu u 21eKmpugurayuu cenbcko2o Xo3aicmea»
O0ocHoBaHue mpouecca 3(p¢eKTHBHOrO NMUTAHHUSI M KOHCTPYKTHBHON cXeMbl [103MpYIOLIe-NUTAIOLIEro
YCTPOiicTBA 3ePHOOYHMCTHTEIBLHOIO MOAYJS YHHBEPCATbHBIX NHEBMOBHOPOLEHTPOOEKHBIX 3ePHOBBIX
cenapaTopoB
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