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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of geology and technical sciences in the Emerging Sources Citation
Index demonstrates our dedication to providing the most relevant and influential content of geology
and engineering sciences to our community.

KasakcmaH Pecniybniukacekl ¥rimmbik fbinbivM akademusicbl «KP YFA Xabapnapel. [eonoesusi xeHe
MexXHUKarbIK fbifibiMOap cepusiCbl» fbibIMU XypHarnbiHbiH Web of Science-miHq xaHanaHraH
Hyckacbl Emerging Sources Citation Index-me uHOekcmeriyee KabbinndaHraHbiH xabaprnalosl. byn
uHdekcmery 6apbicbiHOa Clarivate Analytics komnaHusicbkl XypHandbl odaH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday maceneciH kapacmbipyda. Webof Science sepmmeywinep, aemoprnap, bacrnawbinap MeH
Mekemernepae KOHmeHm mepeHdiei MeH canacbiH ycbiHadbl. KP YFA Xabapnapel. [eonoaus xeHe
mexHuKarbiK fbifibiMOap cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbiK
YWiH eH e3ekmi xoHe 6ederidi 2eorioeusi XoHe MexXHUKasbIK fblibiMdap 6olbiHWa KOHMEHMKe
a0arnObifbiMbI30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmus HAH PK. Cepusi 2eornoauu u mexHU4ecKux
Hayk» 6bi1 npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMOmpeHUs
komnaHuel Clarivate Analytics 0nsi OanbHelwezo npuHsmus XypHarna 6 the Science Citation Index
Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of
Science npednazaem kadecmeo u enybuHy KoHmeHma Ons uccriedosamerieli, asmopos,
usdamened u y4pexdeHul. BkrovyeHue Nseecmuss HAH PK. Cepusi eeonoz2uu U mexHU4ecKux
Hayk 8 Emerging Sources Citation Index demoHcmpupyem Hawy rpusepxeHHocmb K Hauboree
akmyarsnbHOMYy U 6/1UsimesIlbHOMY KOHMEeHMYy 10 2e0/102uU U MEXHUYECKUM Haykam Ors Hawezo
coobujecmea.
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GEAR PUMP QUALITY IMPROVING BY CHANGING THE DESIGN AND SIZE OF THE
SUPPORT BUSHINGS

Abstract. Productive and uninterrupted operation of the chemical, oil, geological exploration and other
sectors of the national economy of the Republic of Kazakhstan directly depend on the quality of work of units
and assemblies of technological equipment, in particular, from hydraulic drives and hydraulic machines. The
development of the chemical technology of oil and gas cannot be carried out without the improvement and
automation of technological equipment, mechanisms and assemblies, which are accompanied by continuous
improvement of their design and the degree of use of hydraulic devices in them. The main units of each
volumetric hydraulic transmission used in the chemical technology of oil and gas are hydraulic pumps, gear
pumps (GP). An extended study was conducted to determine the main causes of premature failures of gear
pumps associated with breakage and wear of parts. The results of the survey showed thatwear and breakage of
parts occur in the initial stage of operation of the gear pumps. The reason for this may be the imperfection of
the pump design, poor quality assembly and machining of parts. The authors propose a “biaxial connection”
based on the theory, which will change the design, technology of mechanical processing and assembly of
parts and assemblies of gear pumps. The use of a biaxial connection in the gear pump design led to a change
in the design of the support bushings and the system for setting their dimensions. It is established that partial
restriction of relative movements of individual parts of the gear pump leads to an increase in quality indicators.
The research was carried out within the framework of the grant NeAP09562459.

Key words: Gear pump, support bushing, sliding element, biaxial connection, landing, wear.

Introduction. Gear pumps of the gear pump type are intended for pumping mineral oil in hydraulic
systems of tractors, loaders, agricultural, municipal, road construction machines and other equipment. To
determine the main causes of premature failures of gear pumps associated with breakage and wearof parts,
an extended study was conducted. The works devoted to the study of deterioration and breakdowns of gear
pump parts were studied, as well as the state of the issue in the conditions of production of machine-building
enterprises was analyzed. Analysis of references and patent sources has shown that a lot of work is devoted
to the problem of improving the quality of performance of the gear pump. Let’s take a closer look at some of
them.

Issues of improving the quality of manufacturing, repair and restoration of gear pump parts are considered
in the works [1,2,3,4,5,6]. In [1, p.5], a technology for restoring aluminum bushings of gear pumps with
diffusion metallization is proposed. In [2, p. 12; 3, p. 53] it is achieved by improving the quality of production
of serrated gearing due to the formation of ceramic and polymer coatings. And in [3, p. 23] the method of
correction of serrated gearing was used for this purpose. Some technologies for repairing gear pumps are
considered in [4, p. 21; 5, p. 46]. Technological processes for restoring pumps of the gear pump-32 type are
described in [7]. However, the use of these technologies for manufacturing gear pumps in modern production
is not possible, due to the renewal of the fleet of technological equipment. In [8], a method for controlling the
quality of assembly of gear pump parts was developed, as a result of which the problem of stabilizing the side
gap in the gear engagement was solved. Work [9] is aimed at developing a technological process for restoring
and strengthening the sliding bearings of oil pumps gear pump -50 U, made of aluminum alloy AK9M?2
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GOST 1583-93. The author proposed a method for strengthening and restoring the sliding bearings of gear
pumps gear pump-50 U CVD-method of metallorganic compounds. The results of the study on improving the
durability of gear pumps by restoring and strengthening worn surfaces of parts by electric spark treatment (for
example, the gear pump-50 U) are presented in [10]. The author uses a method of electric spark processing
when restoring worn parts of the pump. The paper reveals the regularities of the formation of gaps and wearing
of the working surfaces of friction pairs, as well as the calculation of the components and closing links of the
technological and dynamic dimensional chains of the pump. Works are devoted to the development of a new
technology for repairing pumps of the gear pump-K type by restoring and strengthening deteriorated parts
using the combined method [11,12,13,14]. They proved that the methods of electric spark processing (ESP) -
electric spark surfacing and hardening and cold gas dynamic deposition (CGDD) of powders can be applied
to restore the size of deteriorated parts of circular gear pumps. The mathematical model between internal
leakage, volumetric efficiency and clearances in mates, as well as the mathematical model of the relationship
between the modes of ESP and hardness of the metal plating layerareproposed.

In [15], the causes of failure and wear of gear pump elements used in the aviation industry are investigated.
It is noted that the main reason for the growth of volumetric leaks of the working fluid in the cavities of the
gear pump and the drop in its volumetric efficiency may be wear of the working profiles of the teeth and
surfaces of the gear pump bearings. In practice, when the volumetric efficiency is reduced to 0.65, gear pumps
are considered inoperable. The main defects of parts of the gear pump [16]: wear of cylindrical surfaces of
housing wells; wear of bronze bushings on the ends and inner diameter. Figure 1 shows photos of gear pumps
parts that are subject to wear.

wear

L

c) d)

a, b-wear of the housing opening,; c-wear of the outer surface of the bushing, d-wear of the tooth height of
the gear wheel.
Fig. 1-Photos of gear pump parts that are subject to wear.

The results of the analysis showed that wear and breakage of parts occur in the initial stage of operation of
the gear pump. The reason for this may be the imperfection of the pump design, poor quality of assembly and
machining of parts. Basically, all these works are devoted to solving production and technological problems
in a narrow direction, i.e. ensuring the specified resource of gear pumps, manufacturing and restoring worn
parts, general issues of repair, restoration, maintenance regulations, testing and improving the quality of
assembly, etc. Taking into account the results of the analysis, we came to the conclusion that there is a problem
in the quality of manufacturing gear pump products. The authors developed a connection called “biaxial”,
which leads to the creation of a new pump design with high performance [17,18,19,20]. In this regard, the
paper [21] proposes a “biaxial connection” based on the theory, which will change the design, technology
of mechanical processing and assembly of parts and assemblies of gear pumps. The essence of the “biaxial
connection” is that the surface of the shaft or the hole of the bushing is made in the form of the intersection
of two cylindrical surfaces with different diameters and parallel axes offset by some eccentricity. Theoretical
studies show a number of advantages of the new compound over traditional compounds. This connection
is particularly relevant when used in shaft-gear connection designs (hydraulic machines, in particular gear
pumps).

Materials and methods. The use of a biaxial connection in the gear pump design led to a change in
the design of the support bushings and the system for setting their dimensions. Figure 2 shows drawings of
bushings bearing gear pump-50 type gears.
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a - bushing; b —bushing assembly with a bushing-sliding bearing
Fig. 2-Drawings of bushings bearing gear wheels of gear pump-50

The supporting bushing shown in figure 3, shows the bushing with the traditional formulation of the
dimensions. For example, the flat on the bushing (figure 3) of the gear pump-50 is located at a distance of
22,5992z, This size setting can be considered correct from the point of view of the manufacturability of the
design for its manufacture. Figure 3 shows two drawings of the support bushing in the end section of the gear
pump-50. In the drawing, figure 3a is a traditional sizing scheme. Figure 3b shows the new dimension of the
support bushing that is being offered.

#55f 7{3& Pe j;{r

a - the traditional scheme of setting of the dimensions,; b - thenew proposed dimensioning of the support
bushing

Fig. 3-Drawings of the support bushing in the end section of the gear pump-50

Analyzing the position of the support bushings in the pump housing of the gear pump, it can be seen that
the movement of the support bushings along the axis of the center distance is limited to two bars located at
a distance of 22,52 mmand the cylindrical surface of the flat @55f ?:g:g:. The distance between the contact

surfaces along the center distance line in figure 4a will be equal to the sum of the dimensions 22,5%% and

0,5 x 55:3:3: mm. In the design of the support bushings, replacing the specified amount of distances with

one sizeis suggested. This size will be the size of 505;6:3:32: mm.The accuracy quality and the selected fit

are traditionally used in the mass production of components and mechanisms that are subject to increased
requirements, such as gear pumps [22,23,24].

Results. A distinctive feature of the gear pump type pumps is that inside the pump housing, four support
bushings and two shaft gears do not have fixed positions relative to the pump housing. All the mentioned
parts are mounted relative to each other with a guaranteed clearance. That is, the pinion shaft mounted on
the support bushings is assembled in the pump housing with guaranteed clearances. During the operation of
the gear pump, contact interaction forces occur between the parts, which lead to relative movements of all
parts inside the pump body within the gaps in the connections. It is practically very difficult to foresee the
magnitude and direction of relative movements inside the gear pump. The influence of relative displacements
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can be determined indirectly by such indicators as pump noise, pump body heating temperature, wear of
mating parts, etc. exceeding the permissible values for each of the indicators is not desirable. Based on the
clearances and deviations in the dimensions of the contacting surfaces of the pump housing, support bushings,
and pinion shafts, the maximum value of relative displacements in the direction of the center distance and
in the direction perpendicular to themcanbecalculated. This solution will only allow judging the numerical
values of relative offsets. It will be difficult to judge quality indicators. One of the tasks of improving quality
indicators was to partially limit the relative movements of individual parts. This solution was the proposal
to install sliding elements between the support bushings that would push the support bushings to the direct
contact of the cylindrical surface of the support bushing and the surface of the cylindrical hole in the pump
housing. Figure 4 shows the connection of the support bushings to the expansion elements in the holes of the
pump housing.

b)

a - the position of the bushings in the gear pump housing; b,c - options for expansion joints; d-expansion
Jjoint with a solid element made of soft material; 1-pump housing; 2-support bushings, 3-expansion
elements; 4-core.

Fig. 4-Connecting the support bushings to the expansion elements in the holes of the pump housing.

Discussion. Figure 4a shows the positions of the bushings in the gear pump housing. Figures 4 b,c and d
show options for expansion joints. Thus, figure 4b shows the release elements in the form of springs. In figure
4b, the release element is a body with a rigid core located between V-shaped depressions. Figure 4d shows
a solid-body compression element made of a soft material that selects the available gap between the support
bushings due to deformation through the hole in the end part of the support bushing. According to the design
of the patent [25], a prototype of support bushings and expansion elements was made. Figure 5 shows the
manufactured prototypes of support bushings and expansion elements.

a - support bushings, b-support bushings with expansion elements
Fig. 5-Prototypes of support bushings and expansion elements

The conducted studies have shown that the installation of sliding elements between the support bushings
pushes the support bushings to the direct contact of the cylindrical surface of the support bushing and
the surface of the cylindrical hole in the pump housing. This provides a partial restriction of the relative
movements of individual parts of the gear pump, which leads to an increase in quality indicators.

Conclusions. It is established that, as follows from the design of the gear pumps, the gap between the
bushings leads to the formation of a reverse flow of the injected oil and, consequently, to a decrease in the
performance of the gear pumps.
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It was found that partial restriction of relative movements of individual parts of the gear pump leads to an
increase in quality indicators. This is achieved by installing sliding elements between the support bushings,
which push the support bushings to the direct contact of the cylindrical surface of the support bushing and
the surface of the cylindrical hole in the pump housing. The research on the gear pump design (under patent
No. 27941) showed that the diameters of the support bushingof the shaft gear cannot be the same size and
the same fit. If the outer diameters of the support bushing and the pinion shaft are the same, the pinion shaft
rotation may be jammed.
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TIPEKTI TOJIKEJIEPAIH K¥PbIJIBIMBIH KOHE OJIIIEMJIEPIH KOIOAbI O3T'EPTY
APKBUIBI TICTET'EPIIUTI COPTBIHBIH CAITAJIBIK KOPCETKIIITEPIH APTTBIPY

Annortamus. Kazakcran PecryOnuKkacsIHBIH XUMUSI, MYHal, T€OJIOTHSUIBIK Oapiay jkoHe 0acKa Jja XablK
IIapyaIlbUIbIFGl CalalapbIHBIH OHIPICTIK KOHE Y3/IKCi3 )KYMBICHI TEXHOIOTHSIIBIK KaOIBIKTBIH TOpaNTapbl
MEH arperarTapbIHbIH, aTar aiiTKaH/1a, THIPOXKETEKTEp MEH MHIpOMAalTHHAIAP/IBIH KYMBIC CallachlHa TiKeIen
OaitmanpicThl. MyHail MEH Ta3/IblH XUMHSIIBIK TEXHOJIOTHSCHIH JaMBITYIbl TEXHOIOTHSUIIBIK KaOIBIKTapIbL,
MEXaHU3MJIEp MEH arperarrap/pl >KeTUIIIpYCi3 jKOHE aBTOMATTaHIBIPYCHI3 XKY3ere achlpy MYMKIH eMmec,
Oys1 onapAblH KOHCTPYKIMSCHI MEH THIPABIMKAJIBIK KYPBUIFBUIAPABl NalgaidaHy HopexkeciH Y3aAiKci3
KETUIIPYMEH KaTap JKypeii.

Jorapbiia aranraH canaiapia THAPaBINKAIIBIK COPFRLIAPIBIH 0acKa TYpJepiMeH Karap TiCTi COPFbLIAp
(TC) xeHiHeH KommaHbUIAABl. TiCTErepimTi COPFBUIAPABIH OONIIeKTepiHiH Oy3bUTybl MEH TO3YbIHA
0aifIaHBICTHl YyaKbITHIHAH OYPBIH ICTEH IIBIFyBIHBIH HET13T1 ce0enTepiH aHbIKTAY YIIIiH 013 KeHEHTUITeH 3epTTey
xyprizuik. Ticrerepimti COPFBIHBIH TO3ybl MEH OY3BUTYBIH 3€pPTTEyre apHajFaH >KYMBICTap 3epieiieHi
KOHE MalllMHAKacay KOCIMOPBIHIAPBIHBIH OHJIPICIHAC TYBIHIANTBIH MOCENICHIH JKardaiiblHa Tayaay
xacanuel. Tannay HoTHKenepi OenmeKkTepid To3ybl MeH Oy3buTybIHbIH TC-HbI naiaananyablH OacTanKsl
KE3EHIH/Ie OpBIH alaTbIHBIH KepceTTi. OHbIH ce0eOi COPFbl KYPBUIBIMBIHBIH JKETUIAIpiIMEYi, OeIeKkTepain
THIMCI3 OpPHANACTHIPBUTYBl MEH MEXaHWKANIBIK OHJCYiHIH Canach3IbIFbl 00Mybl MYMKiH. JKypriziareHn
Tajaay HOTHXKEIIEPiH ecKepe Keuirl, 0i3 TiCTerepilTi Kypalbl canaibl MIbiFapyaa npobdiemanap 0ap aereH
KOPBITBIH/IbIFA KEeIIIK. ABTOpIIAp TaparblHAH «EKiecTi» Jell aTajaThlH jKaHa KOCBUIBIC TYPI KacaJFaH, OChI
KOCBUIBICTBI KOJIZIAHY apKbUIbl )KOFapbl OHIMIUIIKKE Me OOJNFaH TiCTEreprill COPFBIHBIH JKaHA KYPBUIBIMBI
xo0anauabl. Exi ©cTi KOCBUIBICTBI KOJAAHY TIPEK TOJIKEIEPiHIH KYPBUIBIMBIHBIH 63repyiHe JKOHE OJapIblH
OJIIIeM/IEPiH KOO )KYHECiHIH e3repyiHe aibIl KeJi.

[Tarent Ne27941 KypbUIBIMBIHA COMKEC TIPEK TOJIKEIEPl MEH aXKbIpaTy JIEMEHTTePiHIH TOKIpHOeiK yarici
ozipnenai. JKypri3ijareH 3eprreyliep Tipek TelKelIepiHiH apachlHJa OPHATHUIFAH aXKbIPaTy 3JIEMEHTTEPiHIH
TiIpEK TOJKEJIEPiH TipeK TONIKENePiHIH IMINHAPII KabaThl MEH COPFbI KOPITYCHIHBIH IIUIHHPII CaHbLIAY BIHBIH
Kabartsl Tikenel OaiaHbICKa TYCKEHILIE aKbIPaThIIl TYPATHIHBIH KepceTTi. OChl apKbUIBI cana KOpCeTKIITEPiH
apTThipyfa oy amarblH TC-HBIH jKekesereH OeJIEKTepiHiH KO3FallbICKa TYCYiH ilIiHapa MIeKTeyml
KaMTaMachI3 eTeli.

Tyi#iingi ce3aep: TicTerepriniTi COPFbI, TIPEKTI TOJIKE, KEPYIIi AIIEMEHT, €KioCTi KOCBUIBIC, OpPHATIIA, TO3Y.

*byn maxara AP09562459 JKTH epanmoein opbinoay Homudicenepi O0ubIHua OaiblHOANZAH.
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MOBBIINEHUE KAUECTBEHHBIX IIOKA3ATEJIE HACOCA HIECTEPEHHOI'O 3A CUET
MN3MEHEHUWSA KOHCTPYKIIMU U TPOCTAHOBKH PASMEPOB OITIOPHBIX BTVYJIOK

Annortanus. [IpousBonutenbHas u 6ecriepe0oiiHas paboTa XUMHUECKOU, He(PTSHOM, Te0I0ropa3BeI0uHON
U APYTHX OTpaciiell HapoaHoro Xo3stiicTBa Pecryonuku Kazaxcran HampsiMyro 3aBUCST OT KauecTBa padoThI
Y3JIOB M arperaroB TEXHOJIOTHYECKOr0 OOOpYyIOBaHUS, B YaCTHOCTH OT THAPOIPHBOIOB M THAPOMAIIHH.
Pa3BuTHe XMMHYECKOW TEXHOJOIMM HE(PTH U ra3a HEBO3MOXKHO OCYIIECTBUTH O3 COBEPLICHCTBOBAHHS M
aBTOMATH3aIUsl TEXHOJIOTUYECKOro 000pYNOBaHUs, MEXaHU3MOB U arperaroB, KOTOPbIE COMPOBOXKAAIOTCS
HEMPEPBIBHBIM YCOBEPIIEHCTBOBAHNEM MX KOHCTPYKLMHU M CTENIEHHU UCIIOIb30BaHMsI B HUX THAPABINYECKUX
yCTpoiicTB. B BbIIIEyKa3aHHBIX OTpacisX Hapsay € JPyTMMHU THUIAMHU THJIPABIMYECKHUX HACOCOB IIHPOKO
npuMensiiorest mecrepeHHsle Hacocsl (HIL). nst ompeneneHus OCHOBHBIX NPUYMH IMPEXKIEBPEMEHHBIX
OTKa30B HAaCOCOB IIIECTEPEHHBIX, CBA3AHHBIX C IOJIOMKON M HM3HOCOM JieTaled, HaMu ObIJIO MPOBEAEHO
pacuMpeHHoe uccieoBaHne. bel u3ydeHbl paboThl, MOCBALICHHBIE UCCIEOBAHUIO U3HOCA U MOJIOMOK
JieTajiell HacOCOB IIECTEPEHHBIX, a TAK)KE POAHATTU3UPOBAHO COCTOSTHUE BOIIPOCA B YCIOBUSIX IPOU3BO/ICTBA.
Pe3ynbrarel aHanuza mokasasid, 4TO M3HOC U IOJIOMKA JIE€Tajled MPOUCXOAUT W Ha HAYAJIBHOM JTare
skcrryarauu HILL [Tpuarnoii 3ToMy MOKeT ObITh HECOBEPIIEHCTBO KOHCTPYKIMH HACOCa, HEKaueCTBEHHAs
cOopka 1 MexaHuueckas o0padoTKa AeTaneld. YUuThIBask Pe3y/IbTaThl IPOBEACHHOIO aHAN3a, Mbl PHIILTA
K BBIBOJY O CYIIECTBOBaHUH MPOOJIEMBbl Ka4eCTBA M3TOTOBICHUSI M3ACIHI IIECTEPEHHOTO Hacoca. ABTOpaMu
pa3paboTaHo COeAMHEHHE, HA3BIBAEMOE «IBYXOCHBIMY, KOTOPOE MPUBOAUT K CO3JaHUI0 HOBOW KOHCTPYKIHH
HAcoca ¢ BBICOKOW IPOM3BOAUTENBHOCTBIO. [IpUMEHEHHE ABYXOCHOIO COeJuHEHUs B KOHCTpykuuu HIII
MIPUBENIO K U3MEHEHUIO KOHCTPYKLIMH OMOPHBIX BTYJIOK M CHCTEMBI MIPOCTAHOBKH MX pa3MepoB. CornacHo
KOHCTpYKIMHU 1o mareHty No27941 Obll M3rOTOBIEH ONMBITHBIA 00pa3ell OMOPHBIX BTYJIOK M Pa3’KUMHBIX
2JIEMEHTOB. BBINONIHEHHBIE MCCIEIOBAaHUS TO0Ka3ajiH, YTO YCTAaHOBJIEHHWE MEXJy OIOPHBIMM BTYJIKaMH
Pa3ABMIKHBIX 3JIEMEHTOB pa3/IBUraeT OMOPHBIE BTYJIKH JJO HEMOCPEICTBEHHOTO KOHTAKTA LMJINHIAPUIECKON
MTOBEPXHOCTH OMOPHOM BTYJIKH U MOBEPXHOCTHIO LIMJIMHPUYECKOTO OTBEPCTHSI B KOPITyce Hacoca. 3a cueT
3TOTO 00eCIeYNBACTCS YACTUYHOE OIPAaHMYCHUE OTHOCUTEIIBHBIX MePEMEIICHNH OTAENBHO B3STHIX JeTajeh
HIII, xoTopsle NPUBOAAT K NOBBIILIEHUIO KAYECTBEHHBIX [10KA3aTENIEH.

KuroueBblie cjioBa: HacoC LIECTEPEHHBIH, OTIOPHAs BTYJIKA, pa3ABHKHOM AJIEMEHT, IByXOCHOE COE/IMHEHHE,
rocaika, U3HOC.

*/lannas cmamvs N0020MOsLeHa o pe3yibmamam evinoinenus epauma UPH Ne AP09562459 npu
¢unancuposanuu MOH PK.
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