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METHOD FOR SELECTING THE LOCATION OF THE CLEARANCE
FIELDS OF THE LANDING SURFACES OF GEAR PUMP PARTS WITH A BIAXIAL
CONNECTION

Abstract. One of the types of volumetric pumps is a gear pump designed for pumping oil and petroleum
products that have a lubricating ability, without mechanical impurities and do not cause corrosion of the
pump’s working bodies, as well as for pumping light-duty liquids and diesel fuel. The authors have developed
a new design of a gear pump with a two-axis connection. The new connection, which the authors called
biaxial, consists of two parts with landing surfaces, one of which has a surface consisting of two cylinders
with two axes, respectively. The use of a two-axis connection in the design of a gear pump allows ensuring
the accuracy of the location of parts in the connection and the greatest alignment of the axes of holes and
shafts, i.e. maximum alignment of the hole axes with the shaft axis or the axis of rotation, as well as the
greatest contact between the shaft and hole surfaces, and ensuring that the shaft and hole axes are parallel. As
a result of the study of the designs and technological requirements of gear pumps, a new type of “shaft-hole”
connection was proposed in the designs of fixed joints, in particular the shaft-gear of the gear pumps. The
use of a two-axis connection allowed us to offer a new design of the gear pumps with a two-axis connection
confirmed by innovative patents of the Republic of Kazakhstan. The research was carried out within the
framework of the grant NeAP09562459.

A method has been developed for selecting the location of the clearance fields of the landing surfaces of
the two-axis connection in relation to gear pumps.

Key words. Gear pump, biaxial connection, clearance fields, landing surface, shaft-hole connections.

Introduction. Currently, a large number of hydraulic machines are used, which work is related to the
mutual conversion of mechanical energy and liquid energy, with the transportation of liquid, with the transfer
of forces using the liquid inside the machine [1,2,3]. Hydraulic machines include pumps, hydraulic motors,
and hydraulic cylinders. Pumps are machines for creating a fluid flow. They are one of the most common
types of hydraulic machines, used for a variety of purposes [3,4,5,6]. In dynamic pumps, the fluid is moved by
force in a chamber that constantly connects with the pump inlet and outlet. In volumetric pumps, the liquid is
moved by periodically changing the volume of the chamber it occupies, which alternately connects with the
pump inlet and outlet [7,8,9,10]. One of the types of volumetric pumps is a gear pump designed for pumping
oil and petroleum products that have a lubricating capacity, without mechanical impurities and do not cause
corrosion of the pump’s working bodies, as well as for pumping light-fast liquids and diesel fuel [11,12,13].
The authors have developed a new design of a gear pump with a two-axis connection [14,15], which allows
providing: accuracy of the location of parts in the connection, the greatest alignment of the axes of holes
and shafts, i.e. the maximum alignment of the axes of holes with the axis of the shaft or the axis of rotation,
maximum contact of the shaft and hole surfaces and ensuring that the axes of the shafts and holes are parallel.
The increase in the above indicators dictates the improvement of manufacturing technologies for gear pump
parts, which consists in the use of advanced technologies for machining and assembling gear pump parts with
a two-axis connection [16]. Figure 1 shows the main components and components of the gear pump with a
biaxial connection.
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1-housing; 2-bushings; 3-bearings; 4-seals; 5-driven shaft-gear; 6-housing cover;
7-spring; 8-drive shaft-gear
Figure 1-Main components and components of the gear pump with a biaxial connection

The new connection, which is called biaxial, consists of two parts with landing surfaces, one of which
has a surface consisting of two cylinders with two axes, respectively [17, 18, 19]. For example, the surface
of the biaxial shaft, on which the connection is made, has a landing and free diameter. The landing surface
is located on an arc of a circle with a Central angle of ¢p<180°. The landing surface of the shaft contacts the
surface of the hole due to the forces of force interaction. The second free cylindrical surface of the shaft has
a radius that provides a gap in the “shaft-hole” connection. The connection can also consist of a cylindrical
shaft and a biaxial hole.

Materials and methods. The layout of the clearance fields [16, 20, 21, 22] recommended for biaxial
connections is shown in figure 2. Analysis of the layout of the clearance fields shows that in the end section,
in cases where the clearance fields shown in figure 2, b and 2,c are located, the contact of the landing surfaces
will differ from the contacts possible when the clearance fields shown in figure 2, a are located.
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Figure-2-Layout of clearance fields for shaft-hole biaxial connections in the hole system
When placing the clearance fields shown in the diagram (figure 2, a), a condition occurs
R<D/2. (1

If condition (1) is met, the contact of the landing surfaces is made along the cylinder-forming surface or, if
R< D/2, along the cylindrical surface. [20,23] shows the values of the eccentricities of the hole axis relative to
the shaft axis when the clearance fields are located according to the scheme in figure 2,and for sizes ranging
from 10 to 250 mm. Figure 2 shows three special cases of schemes for the location of clearance fields of two-
axis shaft-hole connections in the hole system.

When the clearance fields shown in figure 2, b, and 2,c are located, the condition (1) is not met. The value
of the radius R may exceed the value of half the diameter of the hole D / 2. That is, both the condition R<D /
2 and the condition R>D/2 can be maintained. Under the second condition, the contact of the landing surfaces
of the shaft and the hole will occur along two forming cylinders located at a distance of the Central angle ¢ In
this contact, a gap is formed between the landing surfaces due to the mismatch of the landing surfaces along
the cylinder-forming surface with the maximum value in the middle of the landing surface in the end section
between the shaft and the hole. Figure 3 shows a diagram of a biaxial connection under the condition R>D / 2.
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@

=]
Figure 3-Diagram of the biaxial connection “shaft-hole» provided R>D/2

Results. From figure 3 it is seen that in the connection due to inequalities of the arc landing master
cylinder AK,B and arc mounting surface hole 4K B form a gap K K,. The value of the gap K K, will affect
the amount of displacement of the hole axis relative to the axis of the landing diameter of the shaft and,
consequently, affect the amount of radial runout of the sleeve on the biaxial shaft.

The value of the segment K K is determined in the following sequence:

Kle :ORKI _ORKZ > (2)
or D
Kl Kz = E + OROD -R

From triangles AO, AO_,, considering the known angle ¢ , we get

)

Solving equation (3) with respect to the value of O, O, and substituting in (2), we determine the gap K1K2
for different values of D, R, and ? using the formula

“4)

The choice of the layout of the biaxial connection clearance fields and the values of the Central angles
® must be carried out depending on the tasks to be solved when using biaxial connections. When using the
biaxial connection with the location of the clearance fields shown in figures 2, b and 2, ¢, it is necessary to
take into account the effect of the mismatch of the landing surfaces on the value of the eccentricities. In
[20,23], the values of mismatch of the landing surfaces of biaxial joints in the opening system for landing
transition sizes ranging from 10 to 250 mm and with Central angles of 60°, 90°, 120°are given. In [23], the
values of mismatch of the landing surfaces of biaxial joints in the hole system for the landing dimensions of
shafts that exceed the size of the hole, in the range from 10 to 120 mm and with Central angles of 60°, 90°,
120°are given.

The location of the clearance fields for two-axis connections can be selected using one of the schemes
shown in figure 2, i.e. non-system clearances and fitments. However, you can select clearances and fitments
for standard systems. Selecting and assigning clearances and fitments for biaxial connections for standard
systems is more convenient for designers and technologists in many ways. For example, the out-of-system
layout of clearance fields shown in figure 2, b can be represented by a system for positioning the clearance
fields of transient landings that meet existing standards. When choosing the layout of the clearance fields,
three schemes (see Fig. 2) are proposed. To select the layout of the clearance fields that provide small values
of eccentricities, the scheme in figure 2, b was proposed. In this scheme, the middle of the shaft clearance
field is equal to the middle of the hole scattering field. This scheme makes it possible to solve the problem
of ensuring minimum values of eccentricities in a simplified form. According to this scheme, with some
approximation, we can assume that
e =025T,+T). (5)

mq
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However, a deeper analysis of the diagram in figure 2, b does not make it difficult to guess that the value
of the eccentricity calculated by the formula (5) will differ from the actual possible value, since at values
R>D/2, a certain gap between the landing surfaces is formed. This gap, although insignificantly, changes
the minimum possible eccentricity value. The diagram in figure 2, b shows that for values R<D/2, the Emax
values are calculated using the formula (5). At values of R>D/2

emax# 0,25(Tp + Ta) (6)

Determining the optimal position of the middle of the hole clearance field relative to the shaft clearance
field, where the values of e are equal for both R<D/2 and R>D/2.
The gap value A is determined by the formula (4). Therefore, for values R>D/2

e =025T,+T)+A. @)
To align the e values determined by (5) and (7), shift the position of the middle of the shaft clearance
field relative to the middle of the hole clearance field by the value A /2 formed when D, = " Figure
4 shows the layout of the shaft and hole clearance fields, taking into account the offset by the value A /2 in
the hole system.
When the clearance fields are arranged according to the diagram in figure 4, the e value is as it follows.

For values R<D/2, e values will be calculated using the formula

e =025(T,+ T)+0,5A. ®)

mq

=
=
P

ES

£5/2 /) ey
ﬂ //// \'\\'\\\\\Ej ﬂ
£l

Figure 4 - Diagram describing the location of the shaft clearance field, taking into account the value of A

For values R>D/2, the eccentricity e will be equal to

e =025T,+T)-0,5A+A, )
where A, is the new gap value for values R>D / 2.
Ifthe e values determined by the formulas (8) and (9) are not equal, we shift the middle of the scattering
field by the value A /2.. And then we get

e =025(T,+ T)+0,5(A+A);

mq

when R<D /2

e =025T,+T)-0,5A+A)+A, (10)
where A, is the new value of the gap at R>D/2.

Discussion. By repeating such calculations and approximating the values of eccentricities at R<D /2 and
at R>D/2, it is possible to determine the relative position of the tolerance fields of the shaft and the hole with
a second-order margin of error, at which the minimum value of the eccentricity of the hole axis relative to the
shaft axis will be provided by the values of the clearance fields. In [23,24,25,26], the question of determining
the optimal position of the hole scattering field relative to the shaft scattering field is not considered. We can
only say that when the hole and shaft sizes are dispersed according to the Gauss law, the greatest probability
of matching the sizes R and D/2 must be expected when the clearance fields are arranged according to the
scheme shown in figure 2, b. When considering the actual dimensions of holes and landing shafts that have a
certain size dispersion distribution law [24, 27, 28], the described method will be adjusted within the batch of
parts based on the probability theory.
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Conclusion. 1. As a result of the study of the designs and technological requirements of gear pumps, a
new type of “shaft-hole” connection was proposed in the designs of fixed joints, in particular the shaft-gear
of the gear pump. The use of a biaxial connection allowed us to offer a new design of the gear pumps with a
biaxial connection confirmed by innovative patents of the Republic of Kazakhstan.

2. A method has been developed for selecting the location of the clearance fields of the landing surfaces of
the biaxial connection in relation to gear pumps.

3. Using the new type of shaft-hole connection, you can solve the following problems:

- ensuring the greatest alignment of the axes of holes and shafts, i.e. the maximum alignment of the axes
of holes with the axis of the shaft or the axis of rotation.

- ensuring the greatest contact between the shaft and hole surfaces and ensuring that the axes of the shafts
and holes are parallel.
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EKI OCBTI KOCBUIBICBI BAP TICTEI'EPIIIKTI COPT'BI BOJIIHEKTEPIHIH OTBIPFbI3Y
BETTEPIHIH ITAKTAMA OPICTEPIHIH OPHAJIACYBIH TAHJAAY 9JICTEMECI

AnHoramus. Kaszipri yakpITTa >KYMBICHI MEXaHUKAJIBIK JHEPrHs MEH CYHBIK SHEpPTUSHBI e3apa
TYPIACHIPYMEH, CYHBIKTHIKTHI TAChIMAJIIayMeH, MaIlTMHA i1 HETi CYHBIKTHIKIICH KYIITi OepyMeH OaliT1aHbICTHI
THAPaBIHMKAJIBIK MaIlIMHAJIAPIBIH KONTEreH Typliepi Koananbuiaasl. Kexemai copreutapabiH 0ipi COPFBIHBIR
’KYMBIC OpTaHIapBIHBIH KOPPO3UsSFa YIIBIPAybIH OONIBIPMANTHIH )KOHE MEXaHUKAJIBIK KOCTANIAPChI3 Maiiiay
KaOineri Oap MyHail MEH MyHail eHIMJIEpiH aiilayra, COHJali-aK, OHall aFaTblH CYHBIKTBHIKTAP MEH JTU3ENb
OTBHIHBIH alijayFa apHAJFaH TiCTErePIIiKTi COPFBI OOJBINT TaObLIAIHI.

ABTOpIap exi 0CbTi KOCBUIBICHI 0ap TICTETEPIIIKTI COPFBIHBIH KaHa KOHCTPYKIIMSCHIH jKacajibl. ABTOpIIap
€Ki OCBTI JIeTI aTaFaH jkaHa KOCBUIBIC TYPi OTBIPFEIZY OeTTepi Oap eki OeIeKkTeH TYpaibl, oJdapablH Oipeyi,
THIiCIHIIE, €Ki oci 0ap eKi IMWIMHAPACH Typaibl. bepilic COPFBICBIHBIH KOHCTPYKIIMSICBIHAA €Ki OCHTI
KOCBUIBICTHI KOJIJJAaHY KOCBUIBICTAFbI OOIIIEKTEPAiH JQJJIIriH KOHE TECIKTep MEH OUTIKTEpIiH OCBTEpiHIH
eH YJKEH YWJIeCIMAUIITIH, SIFHU TECIKTep/iH OCBhTEpiH OLTIK OCIMEH HeMmece aifHally OCIMEH MaKCHUMAIl/Ibl
OipiKTipy, COH/ali-aK, OUTIK MeH TeCiKk OeTTepiHiH €H YJIKeH OailNIaHBICHIH YXKoHE OLTIKTep MEH TECIKTepIiH
OCBTEPiHIH TapajuIeNbiriH KaMTaMachl3 €Tyre MYMKIHAIK Oepefi. OmmemaepiaiH TapaityblHbIH Oenrii
Oip 3aHbI Oap TecikTep MEH OTBIPFBIZY OLTIKTEpPiHIH HAKTHI OJIIEMICPIH KapacThlpy Ke3iHjae OeleKxTep
MapTUSACHIHBIH IIIIH/IE CHIIATTAIFaH oJlic BIKTUMAJJIBIK TEOPHUsCHI HeTi3iHme Ty3erineriH Oonanpl. TC
COpFBUIAPBIHBIH KOHCTPYKLHSIIAPB MEH TEXHOJIOTHSUIBIK TaJalTaPbIH 3ePTTEY HOTHIKECIHIE KBUDKBIMANTBIH
KOCBUIBICTAP/IbIH KOHCTPYKIMSUIAPBIHAAFBl JKaHA TYpHeri «OUTIK-TECiK» KOCBUIBICHI YCHIHBUIIBL. Eki
OCBT1 KOCBUIBICTHI Koyiany KP MHHOBauusuIbIK MaTeHTTEpIMEH pacTajFaH eki ocbTi Kochuibickl Oap TC
JKaHa KOHCTPYKIUSICBIH YChIHYFa MYMKiHJIK Oepmi. TicTerepurikri coprbuiapia KOJJaHBUIATBIH €Ki OChTi
KOCBUIBICTBIH OTHIPFBI3Y OSTTEPiHIH MIEK OpiCTePiHIH OPHAIACYBIH TaHAAy diCTeMeci Kacalbl.

Tyiiinai ce3mep: Ticterepin COpFbl, €Ki OCBTI KOCBUIBIM, PYKCAT ©piCi, OTBIPFBIZY OE€Ti, «Baj-TECiK»
KOCBUIBIM/IAPBI.

*byn maxanra AP09562459 JKTH epanmoein opbinoay Homudicenepi OoubIiHua OaublHOANZAH.
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METOJMKA BHIBOPA PACIIOJIOKEHUSA MOJEMR JTOITY CKOB ITOCAIOYHBIX
MOBEPXHOCTEM JIETAJIEH HACOCA HIECTEPEHHOTI'O C IBYXOCHBIM
COEJUHEHUEM

AHHoOTanusi. B Hacrosiiee BpeMsi HCIOIb3yeTCs OOJBIIOE KOJIMYECTBO THAPABIMYCCKUX MAIIHH,
paboTa KOTOPBIX CBsI3aHa C B3aUMHBIM IPE0OpPa30BaAHUEM MEXaHWYECKOW SHEPIHU M SHEPrUM KUIKOCTH, C
TPaHCIIOPTUPOBKON JKUAKOCTH, C Meperadyell yCHINM ¢ IMOMOIIBIO KHUAKOCTH BHYTpH MamuHbl. OnHON U3
Pa3sHOBUAHOCTEH OOBEMHBIX HACOCOB SIBJISIETCS! LIECTEPEHHBIH HACOC, NMPEIHA3HAUYCHHBIN ISl MEepeKauKku
HeTH 1 HePTEPOLYKTOB, 00JIaJaI0IMX CMA3bIBAIOLICH CIIOCOOHOCTHIO, 0€3 MEXaHUUECKUX NTPUMECE U He
BBI3BIBAIOIINX KOPPO3HU pab0OUYMX OPraHOB HACOCA, & TAKXKE IS IEPEKAUKHU JIETKO3aCThIBAIOIINX KHUIKOCTEH
1 IU3EIbHOTO TOIIUBA.

ABTOpamu pa3zpaboTaHa HOBasi KOHCTPYKLHS HACOCa LIECTEPEHHOr0 ¢ JBYXOCHBIM coeanHeHneM. Hooe
COCAMHECHHE, HA3BAaHHOE aBTOPAaMH JBYXOCHBIM, COCTOMT M3 JBYX JACTaJIeH ¢ MOCa0YHBIMHU IOBEPXHOCTSIMU,
y OOHOH M3 KOTOPBIX MOBEPXHOCTh COCTOUT M3 JABYX LMJIMHAPOB COOTBETCTBEHHO C JIBYMSI OCSIMH.
Hcnonp3oBaHue BYXOCHOTO COCAMHEHHS B KOHCTPYKLMH HAcOCa LIECTEPEHHOIO MO3BOJISIET oOecreueHue
TOYHOCTH PACIIONIOKEHUS AeTalel B COeIMHEHUN U HauOOJIblIeH CHOCHOCTH OCEil OTBEPCTHH M BaJIOB, T.C.
MaKCHMaJIbHOE COBMEILEHHE OCEH OTBEPCTHH C OCBIO Bajia JTMOO OCBIO BpalllEHHs, a TaKKe HauOOJbIIETO
KOHTaKTa [MOBEPXHOCTEH Bajla U OTBEPCTHs U 0OECIeUCHUE MapajuIeIbHOCTU Ocel BasioB U oTBepctuil. [Ipn
PaccMOTPEHUH JICHCTBUTEIBHBIX PAa3MEPOB OTBEPCTUH M MOCAJOYHBIX BAJIOB, UMEIOIIUX ONpPEACIEHHBIN
3aKOH pacIpe/elieHHsl pacCeMBaHMsl pa3MepoB, B MpejesiaX MapTUd AeTaled ONMCaHHas METOAuKa Oyaer
KOPPEKTHPOBATbCsS. HAa OCHOBE TEOPUM BeposTHOCTEH. B pesynmbrare uccienoBaHuss KOHCTPYKUMH H
TexHoJorndeckux TpedoBanuii HacocoB HIIl Obulo mpeanokeHO COEOUHEHHE «Baj-OTBEPCTHE» HOBOTO
BUJAa B KOHCTPYKLMSIX HEMOIBMXKHBIX COCIUHEHHUH, B yacTHOCTH Ban-mectepHs HIL. Mcnonb3oBanue
JBYXOCHOTO COEAMHEHHMsI MO3BOJIMIIO MPEUIOKUTh HOBYIO KOHCTpyKuio HIII ¢ IBYyXOCHBIM coeMHEHHEM
MOATBEPKACHHOTO MHHOBaUMOHHBIMU mnareHTamu PK. Paspaborana merommka BbliOOpa pacHoNIOKeHHs
MOJICH JOIYCKOB MOCAJI0YHBIX TOBEPXHOCTEH JBYXOCHOIO COCIMHEHHUS IPUMEHHUTEIIFHO K IIECTEPEeHYaThIM
Hacocam.

KitroueBble cji0oBa: Hacoc IIGCTEPCHHBIH, JIBYXOCHOE COCIMHEHHE, IO JOIYCKa, IMOCaJO4HBIN
MOBEPXHOCTh, COCMHEHHS «BaJ-OTBEPCTHUEY.

*JlaHHasg cTaTbsl IOATrOTOBJIIEHA MO pe3yiapTaraM BelmosHeHus rpanta MPH Ne AP09562459 mnpu
¢unancuposannn MOH PK.
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