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Research on the Manufacturing Precision of Gear
Meshing in Group 3 Hydraulic Gear Pumps

The article presents the results of a study of the manufacturing precision parameters of the gear meshing
of group 3 hydraulic gear pumps. The relevance of the study is due to the increased operational loads on pumps
of this group, which requires ensuring high precision of the geometric parameters of gear wheels in order to
achieve optimal tightness, reduce hydraulic losses, and ensure durability of the meshing elements.

The study analyzes main technological errors that arise in the manufacture of gear wheels, namely:
profile deviation, pitch deviation, concentricity deviation, and lateral clearance deviation. The influence of these
deviations on the main hydro-mechanical characteristics of group 3 gear pumps, including efficiency, vibration
and noise levels, as well as the wear resistance of meshing elements under high loads, was assessed. Modern
measuring instruments, in particular optical and contact profilometry, were used to control geometric accuracy,
which made it possible to quantitatively assess the precision of machining.

Based on the data obtained, recommendations for improving the technology of processing gear wheels
of group 3 pumps are substantiated. In particular, the effectiveness of shaving as one of the key stages in
achieving the required accuracy is analyzed. It has been proven that the use of this method allows achieving the
precision of 7-8 according to DIN 3962, significantly reduces surface roughness parameters, and contributes to
improving contact endurance. Particular attention is paid to the influence of heat treatment modes on the stability
of the geometric parameters of the meshing, especially under variable load conditions.

During the analysis of shaving gear pumps of group 3, it was found that the maximum deviations are
observed in the indicators of accumulated pitch error and radial runout of the gear rim, which have a critical
impact on the level of pulsation of volumetric delivery and resistance to fatigue failure. The results obtained
allow us to form a substantiated technological strategy for the manufacture of high-precision gear transmissions
for pumps operating in severe operating conditions.

Thus, the results of the study are significant for improving the efficiency and reliability of Group 3
hydraulic gear pumps, which are widely used in power engineering, mobile equipment, and industrial hydraulic
systems. Improving the precision of meshing elements directly affects the stability of pump output parameters,
such as volumetric flow and torque, which is critical in ensuring functional reliability of hydraulic systems.
tooth machining, shaving, gear meshing, gear hydraulic pump, precision

Problem statement. The precision of manufacturing gear meshing of hydraulic gear
pumps is a determining factor in ensuring their efficient, uninterrupted, and long-lasting
operation. Gear pumps are widely used in hydraulic drive systems in various industries where
the reliability and stability of hydraulic equipment are critical. Any deviations from the
specified geometric parameters of the meshing elements can lead to additional dynamic loads,
increased noise and vibration levels, intensive wear of contact surfaces, and a decrease in the
efficiency of hydraulic machines.

The tooth shaving operation, which is a key stage in the finishing of gear wheels, is of
particular technological importance in the production process. This process significantly
reduces profile shape errors, minimizes surface roughness, and ensures high stability of
meshing parameters under loads typical for the operation of group 3 pumps. Due to the ability
to influence the microgeometry of the surface and the level of residual stresses, shaving
increases contact endurance of the teeth, which is critical for operation under variable
pressures and high rotational velocity.

The relevance of conducting an in-depth study of the shearing process is determined by
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the need to optimize the processing route, aimed at achieving high precision indicators while
rationalizing resource and time costs. A comprehensive analysis of precision characteristics,
as well as the development of methods for their measurement and control, make it possible to
create a scientifically sound basis for improving gear cutting technologies. In particular,
establishing dependencies between the parameters of shaving modes and manufacturing
precision makes it possible to achieve stable results even when manufacturing large series of
wheels.

Improving the processes of tooth surface shaping, taking into account the effect of
shaving on the microgeometry, physical and mechanical characteristics of the surface layer, is
important for improving the performance of hydraulic gear pumps. The results of such
research will contribute not only to improving the quality of the final product, but also to the
formation of a competitive scientific and technical base for the development of precision
machining technologies in mechanical engineering.

Precision manufacturing of meshing in hydraulic gear pumps plays a key role in
ensuring their efficient and long-lasting operation. These pumps are widely used in various
industries where stability and reliability of equipment are critical. Deviations in meshing
parameters can lead to increased noise levels, vibrations, excessive wear of parts, and reduced
efficiency. Of particular importance for ensuring precision is the process of tooth shaving,
which is an important stage in the finishing of gear wheels. It minimizes profile errors,
improves surface quality, and ensures stable meshing under operating conditions.

The relevance of a detailed study of shaving is determined by the need to optimize
technological process aimed at achieving high manufacturing precision at minimum
production costs. An in-depth analysis of manufacturing precision parameters and the
development of methods for their control will contribute not only to improving the quality of
hydraulic pumps, but also to improving existing processing technologies. Improving the
processes of machining gear meshes is an important step towards expanding scientific
knowledge in this field, which at the same time ensures economic and technological
competitiveness of production.

Analysis of recent research and publications. Based on a systematic analysis of
scientific publications, it has been established that the gear is the main element that receives
and transmits main loads during operation of hydraulic gear pumps. It ensures torque
transmission, hydraulic flow formation, and withstands dynamic loads associated with high
working environment pressures, which leads to increased requirements for its manufacturing
precision, rigidity, and wear resistance [1, 2, 3, 4].

Research of the functional characteristics of hydraulic gear machines is relevant, as
confirmed by a significant number of scientific works by both national [5, 6] and foreign
researchers [8, 9, 10]. In addition, it is worth noting the active patent activity aimed at
improving the design of hydraulic gear machines [11].

At the same time, based on the external appearance of the studied parts, in particular,
the nature of the macro-relief of the bottom of the groove and the micro-relief of the tooth
profile, it is possible to identify with a sufficient degree of probability technological
techniques used in their processing:

- preliminary mechanical processing was carried out using the worm gear cutting method;

- final mechanical processing was performed using shaving method;

- the profile was finished after chemical-thermal treatment using diamond honing method.

Table 1 shows the parameters of the achieved accuracy of gear wheels of imported
pumps by gear rim (elements of cyclic surface of the gear rim - ECSGR).
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Table 1 — Parameters of modern imported gear pumps.

Parameters nam Moreali BOSCH OMFB Eaton
a *}3&29562"‘ © Designation | m=1,75 | m=2,54 m=4,5 m=2,79
z=12 z=12 z=10 z=12
Profile deviation Tty 7/7 6/7 6/7 6/8
Profile direction fua 7/7 10/10% 10/10% ;
deviation
Deviation of tooth Fy 6/5 10/7 9/8 777
direction
Accumulated pitch Fp 5/7 9/8 718 8/8
deviation
Radial rupout of gear F, 6 9 ] 9
rim
Roughness Ra - 0,2 0,2 -

Source: developed by the authors

Figure 1 shows the surfaces and imported gear pumps.

However, a number of requirements not taken into account in the design
documentation require additional coordination with the technological capabilities of
production. This is due to the fact that such requirements can only be met through the
implementation of specialized technological techniques that are critical to ensuring functional
characteristics of the components.

¢)
Figure 1 — Tooth profile of imported gear pumps
a) pump «Eaton»; b) pump «Sauer»; ¢) pump «OMBF».
Source: developed by the authors

The greatest operational loads are borne by involute edges (IE) and cylindrical edges
(CE), which is explained by their functional role in separating the pressure and suction zones
of the working space of a hydraulic gear pump. In this regard, these elements are subject to
increased requirements for shape precision, dynamic strength, and resistance to contact wear.
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During operation, IE and CE are subjected to intense contact loads, which, under
conditions of uneven loading or residual technological stresses, can lead to local destruction
or loss of geometric stability. Therefore, when forming edges, it is necessary to exclude the
use of technological methods that contribute to the appearance of stresses in the surface layer,
in particular sharp transitions, unacceptable thermal effects, or abrasive micro-wear.

In addition, to ensure reliable sealing and stable contact with adjacent surfaces, the
edges must meet high geometric precision requirements, including minimal spatial deviations.
Failure to comply with these parameters leads to a violation of contact density, an increase in
internal leaks and, as a result, a decrease in the energy efficiency (performance index) of the
hydraulic unit.

Objective statement. The objective of this work is to conduct scientific research on
the process of finishing machining of gear meshing in hydraulic gear pumps, in particular
using the shaving method, taking into account precision parameters regulated by the
requirements of DIN 3962. The research is aimed at studying the influence of shaving modes
on the formation of precision and quality characteristics of the tooth surface, as well as
ensuring stable operational properties of finished parts in the hydraulic unit.

Main material. The research is planned to be carried out on a gear cutting machine
model BCH-732NC22-7745 (Fig. 2), which provides high-precision finishing of gear wheels.
Geometric parameters of the machined parts will be checked using a Carl Zeiss Contura G2
coordinate measuring machine (Fig. 3), which allows for precise measurement results in
accordance with precision standards.

Source: [12]

A
Figure 3 — Tooth measuring machine Mahr GMX 275
Source: [13]
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The shaving of a batch of 100 gears will be performed using processing modes that
were determined to be optimal during previous experimental studies. These modes are listed
in Table 2 and ensure compliance with the precision parameters in accordance with the
requirements of DIN 3962, in particular for the following indicators:

- ffa — tooth profile deviation;

- fHa — tooth profile direction deviation;

- Fp — accumulated tooth pitch error;

- Fr — radial runout of the gear rim.

Table 2 — Modes of shaving of gear meshing

Ne Parameter Value

1 Radial feed Srad, mm/pass 0,02

2 Number of passes 5

3 Longitudinal feed S pass, mm/pass 56
Shaver rotation frequency

4 . 63
Ny, rot./min.

5 Allowance, mm 0,04...0,05

Source: developed by the authors

All controlled parameters will be recorded in the report generated by the Mahr
GMX275 tooth measuring machine in accordance with DIN 3962 (Fig. 4).
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Figure 4 — Report on measuring a part on a coordinate
measuring machine Mahr GMX 275
Source: [13]
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The results of processing a batch of gears, presented in a histogram in accordance with
DIN 3962 requirements, show that the profile parameter ffo has a generally normal
distribution with a nominal value of 7.381 and tolerance limits LSL = 6.346 and USL = 8.416,
but some values exceed the permissible limits. The Cp and Cpk coefficients (1.427) indicate
sufficient short-term accuracy, while the low Pp and Ppk (0.333) indicate significant long-
term dispersion due to the influence of external and technological factors. To ensure stability
and compliance with the standard requirements, it is necessary to reduce the dispersion,
stabilize the processing modes, and adjust distribution center to the nominal value.

The results of the tha parameter analysis show that at the nominal value of 8.658 and
tolerance limits of LSL = 7.444 and USL = 9.872, the distribution of measured values
generally follows a normal distribution, but there is noticeable dispersion, which negatively
affects process stability. The process capability coefficients Cp and Cpk (2.510) confirm the
high short-term accuracy of processing, but the low values of Pp and Ppk (0.333) indicate
problems with long-term repeatability caused by external and technological factors, such as
tool wear, equipment rigidity fluctuations, or temperature instability. The majority of
measurements are concentrated near the nominal value, but some values exceed the
specification tolerances, which can lead to defects. To ensure stability and compliance with
DIN 3962 requirements, it is necessary to reduce dispersion, optimize processing modes,
increase the rigidity of the “machine-tool-workpiece” system, ensure control and stability of
the temperature environment, and improve the technical control system at all stages of
production.

Capability Histogram: ffa
Sigma (Total):1,03482 Sigma (Within).0,24178
Within SD: ,2418; Cp: 1,427, Cpk’ 1,427
Overall SD: 1,035; Pp: ,3333; Ppk: ,3333
LSL: 6,246; Nom.: 7,381; USL: 8,416
=3.5(T) LsL Nominal usL +3,'8(T)

0 S i ; B . = ;I;?;Ia\‘m

4 5 6 T 8 9 10 "

total — total distribution of parameter deviation ffo; within — internal variability of the parameter deviation process ffo
Figure 6 — Histogram and normal distribution law of tooth profile parameter deviation ffo

Source: developed by the authors

Capability Histogram: fha
Sigma (Total):1,21425 Sigma (Within).0,16123
Within SD: ,1612; Cp: 2,510; Cpk’ 2,510
Overall SD: 1,214; Pp: ,3333; Ppk: ,3333
LSL: 7,444; Nom.: 8,658 USL: 9,872
-3,"S(T) LsL Nominal usL +3,*5(T)

L E - e 9 === Total
0 TP - - e e PN — Within
4 5 ] 7 8 9 10 " 12 13
total — total distribution of parameter deviation fHa; within — internal variability of the parameter deviation process fHa
Figure 7 — Histogram of the normal distribution law of deviation in the tooth profile direction parameter fHa

Source: developed by the authors
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The results of the fp parameter analysis show that at the nominal value of 6.725 and
tolerance limits of LSL = 4.764 and USL = 8.686, the distribution of values is close to normal
but has a left skew, indicating asymmetry in the manufacturing process. High short-term
coefficients Cp and Cpk (3.041) demonstrate the process's ability to ensure precision within
tolerances, but low Pp and Ppk (0.333) and a significant overall standard deviation (1.961)
indicate long-term instability and increased dispersion of results. The main concentration of
values near the lower tolerance limit, as well as the output of some data beyond it, can cause
defects due to violation of the accuracy of the tooth pitch. To improve stability and
compliance with DIN 3962, it is necessary to optimize processing modes, increase the rigidity
of the technological system, monitor the condition of the tool, and reduce the influence of
external factors, which will improve the long-term reproducibility of the fp parameter in serial
production.

Capability Histogram: fp
Sigma (Total):1,98100 Sigma (Within).0,21487
Within SD: ,2150; Cp: 3,041, Cpk’ 3,041
Overall SD: 1,861; Pp: ,3333; Ppk: ,3333
LSL: 4,764; Nom.: 6,725, USL. 8,686
-3."8(T) LSL Nominal usL +3,"5(T)

=== Total

0 — Within

-1 0 1 2 3 4 5 6 ¥ 8 9 10 1 12 13 14
total — total distribution of parameter deviation Fp; within — internal variability of the parameter deviation process Fp
Figure 8 — Histogram and normal distribution law of the deviation of the accumulated error
parameter of the tooth pitches Fp
Source: developed by the authors

Capability Histogram: fr
Sigma (Total):1,87487 Sigma (Within).0,25796
Within SD: ,2580; Cp: 2,423, Cpk’ 2,423
Overall SD: 1,875; Pp: ,3333; Ppk: ,3333
LSL: 5,216; Nom.: 7,091; USL: 8,966
-3,°8(T) LsL Nominal usL +3,°8(T)

=== Total
— Within

0

0 1 -2 7.73 4 -] 6 7 g 8 9 10 " 71’; 13 14
total — total distribution of parameter deviation Fr; within — internal variability of the parameter deviation process Fr
Figure 9 — Histogram and normal distribution law of the radial runout parameter deviation of the gear rim Fr
Source: developed by the authors

The results of the fr parameter analysis show that at the nominal value of 7.091 and
tolerance limits of LSL = 5.216 and USL = 8.966, the distribution of values is close to normal
but has a left skew, and some of the measurements fall below the lower tolerance limit. High
short-term Cp and Cpk coefficients (2.423) indicate the process's ability to ensure accuracy
under stable conditions, however, low Pp and Ppk (0.333) and a significant overall standard
deviation (1.875) indicate instability in the long term due to external and technological
factors. To ensure stability and compliance with DIN 3962 requirements, it is necessary to

114



ISSN 2664-262X IlenTpansHOyKpainchkuil HaykoBHil BicHuK. Texuiuni Hayku. 2025. Bun. 12(43), 4. Il

reduce dispersion, adjust the distribution center, stabilize processing modes, and improve the
control of tool condition and temperature conditions, which will increase the long-term
reproducibility of the fr parameter.

In general, the histogram in Fig. 7-9 reflects the process that has a normal distribution,
but a wide dispersion of values leads to exceeding the acceptable deviation limits. This
indicates the need for optimization — either by reducing the spread of values or by adjusting
the center of distribution to ensure stability and compliance with the established limits.

Conclusions. Analysis of the shaving process of gear meshing in group 3 gear pumps
showed that the use of this method significantly improves the accuracy of the geometric
parameters of teeth and the quality of their surfaces. Reducing the roughness of the profile has
a positive effect on the contact endurance and performance characteristics of parts, increasing
their service life. The results of the study showed that the actual accuracy of the manufactured
gears corresponds to grades 7-8 according to DIN 3962. At the same time, the greatest
differences in indicators are observed in the parameters of the accumulated tooth pitch error
and the radial runout of the gear rim. It has been established that the low quality level
according to fHa parameter is due to the need for optimal selection of the allowance shape for
shaving and the elimination of measurement errors. Periodically repeated errors in the
positioning of parts during gear cutting lead to significant deviations in Fp parameter. The
lack ofrigid fixation of the gear cutting machine table also significantly affects the stability of
this parameter. Thus, to improve accuracy, it is necessary to optimize the allowance shape,
improve the positioning methods, and ensure increased rigidity of the machine tool
equipment.
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3a4eIUIeHHsI T1IpaBIiYHAX ECTEPEHHNX HACOCIB TPpyNH 3. AKTYyallbHICTh JIOCII/DKEHHS 3yMOBJICHA ITiABUILICHIMH
eKCIUTyaTallIfHIMH HaBaHTAXCHHSAMH Ha HACOCH Ii€l TpynuW, IO BHMarae 3a0e3IeUeHHS] BUCOKOI TOYHOCTI
TEOMETPUYHUX MapaMeTpiB 3yOUacTHX KOJIIC 3 METOIO JIOCATHEHHS ONTHMAJIbHHX IOKAa3HUKIB T€pMETHYHOCTI,
3HWKEHHS TIIPABIIYHUX BTPAT Ta 3a0€3MeYeHHs JOBIOBIYHOCTI €JIEMEHTIB 3aueIlICHHSI.

VY xoai pocnipKeHHs: IpoaHali30BaHO OCHOBHI TEXHOJIOTTYHI TOXWOKH, 1110 BUHUKAIOTh TP BUTOTOBJICHHI
3y04acTux KOJIC, a caMme: BiIXWJICHHS NMpo(ilio, KPOKY, KOHIEHTPUYHOCTI Ta O0KoBOro 3a30py. OuiHeHO BIUIMB
3a3HAYCHHUX BIJIXWICHb HA OCHOBHI TiJJpOMEXaHIYHI XapaKTEPUCTUKH IIECTEPEHHNX HACOCIB IPYNH 3, BKIIOYAIOUN
Koe(illieHT KOpUCHOI Jii, piBeHb BiOpamii i mIyMy, a TaKOXK 3HOCOCTIMKICTh €IEMEHTIB 3a4eIUICHHS IIPH BHCOKUX
HaBaHTAXKEHHAX. J[JIs1 KOHTPOJIO T€OMETPUYHOI TOYHOCTI 3aCTOCOBAHO CydYacHI 3aCOOM BHMIPIOBAHHS, 30KpeMa
OIITHYHY Ta KOHTAKTHY MPOQIIIOMETPIiI0, 10 a0 3MOT'Y 3JIHCHUTH KiJIbKICHY OLIIHKY TOYHOCTI OOpOOKH.

Ha mincraBi oTpuMaHuX JaHUX OOIPYHTOBAHO PEKOMEHALIil MO0 YAOCKOHAIEHHS TEXHOJIOTT 00pOOKH
3y0uacTux Koiic HacociB rpyny 3. 30kpeMa, MpoaHati30BaHO e(heKTUBHICTh MEBIHTYBAaHHS SK OJJHOTO 3 KJIFOUOBUX
eTamiB JOCATHEHHS HeOOXigHOi TOYHOCTI. JloBeleHO, IIO 3aCTOCYBAHHS IIbOTO METOAY J03BOJISIE 3a0e3NeUnTH
JocsiTHeHHs1 7—8 cryrens TouHocti 3a DIN 3962, cyTTeBO 3HIKYE MapaMeTpy MIOPCTKOCTI IIOBEPXOHB Ta CIIPHSE
MOKPAIIEHHIO KOHTAKTHOI BUTpuBaitocTi. OKpeMy yBary HpHJIUJICHO BIUIMBY PEXHMIB TepMiuHOI OOpOOKHM Ha
CTa0LIBHICTh TEOMETPUYHHX TAPaMETPIB 3a4EITICHHsI, 0COOJIMBO B YMOBAX POOOTH IPH 3MIHHHMX HAaBaHTAKECHHSX.

[Tix wac anami3y mIeBIHTYBaHHS 3yOUacTHX KOJIIC IIECTEPEHHUX HACOCIB I'pyHnH 3 BCTAHOBJIEHO, IO
HaMOLIBIII BIIXWJICHHS CIIOCTEPIraloThCs 3a ITOKa3HMKaMH HAKOIMHWYEHOI ITOXMOKHM KPOKIB Ta paaialIbHOTO OWTTS
3y04acToro BiHIL, SIKi MalOTh KPUTHYHUH BIUIMB Ha PiBEHb IMyJIbCalliii 00’€MHOI 1o/1a4i Ta CTIHKICTh 10 BTOMHOT'O
pyiiayBanHs. OTprMaHi pe3yIbTaTh J03BOJSIIOTH c(hOPMYBATH OOIPYHTOBAHY TEXHOJIOTIYHY CTPATETii0 BUTOTOBJICHHS
BHCOKOTOYHHX 3y0UacTHX Mepeaad Ul HacociB, M0 (DYHKIIOHYIOTh Y BXKKHX PEKMMax eKCILTyaTamii.

TakuMm 9UHOM, PE3YNBTATU TOCHIDKEHHS € 3HAYYIIMMU UTS ITiBHINCHHS e(pEeKTHBHOCTI Ta HAMIHHOCTI
TiIpaBJiYHAX IIECTEPEHHMX HACOCIB TIpynu 3, sKi IIMPOKO 3aCTOCOBYIOTHCS B EHEpProManmHOOyayBaHHI,
MOOIJIbHIM TEeXHIIl Ta cHUcTeMax NPOMHUCIIOBOI TiAPaBIiKW. Y IOCKOHAJIEHHS TOYHOCTI €IEMEHTIB 3aueIUICHHS
Oe31ocepeIHbO BIUIMBAE Ha CTAOLIBbHICTh BHXIJAHUX IapaMeTpiB HACOCIB, TAKHUX SK 00 €MHA Mojada Ta KPyTHHUH
MOMEHT, 110 € KPUTUYHHUM Y KOHTEKCTI 3a0e3redeHHs! (yHKIIOHAIbHOI HAiHHOCTI TAPABIIYHUX CHCTEM.
3y0000po0Ka, meBiHryBaHHs, 3y04aTe 3a4eIICHHS, IICCTEPEHHN IiipaBIivYHUIl HACOC, TOYHICTH
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