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ABSTRACT

Hnatiuk A.O. Improvement of the finishing process of the lantern wheel profile
of gerotor pair. - Qualifying scientific work on the rightof manuscripts.

Dissertation for the degree of a candidate of technical sciences (ddctor
philosophy) in specialty 05.03.0¢ Machi ni ng processesés, r
Central Ukrainian National Technical University, Kropyvnytskyi, 201

The work isconcerned with thémprovementof the quality parametersf the
profile surface of the lantern wheel of the gerqgiair due to the application of the
concave area of the equidistant to the epicycloid as a forming profile of the circular
abrasive tool.

Thefirst chapter discloses the features of the geometry of the coupling wheels of
the gerotor pair (GP) and the existent methods of their processing are considered. Tl
profiled toothed surfaces of these wheels require high accuracy and roughness, due
thedesign features of the gearing and its functional purpose. In this case, the satellit
which has an external toothing rim is technological of manufactuiihg. lantern
wheel has internal teeth; its configuration limits the diversity of the processing
motions, dimensions of the tool, and access of the tool to the machined surface
which affects the hardness of the tool and accordingly the precision of machining.
The analysis of engineering, scientific and patent literature shows that the existing
methods © processing the profile of a lantern wheel have a number of significant
drawbacks: low flexibility, complexity of tools and equipment, high cost of
equipment.The edge cutting machinindoes not provide the high quality of the
surfaces of parts that hatardnessabout 60 HRCOn the basis of the analysis, a

progressive scheme of processing with a disk grinding wheel was selected in th
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conditions of generating process. As a tool profile, the convex part of the equidistan
to the epicycloid (Convex PEE) ised.There is no information on the introduction
into production, as well as information on the quality indicators provided by this
grinding method. There is a need to thoroughly examine its physical nature, analyze |
for improvement, conduct experimaht studies, and provide relevant
recommendations.

The second chapter presents solutions to questions of the analysis and synthe:
of gearing profiles, and presents the possibility of improving the basic method of
grinding by applying a concave part of tequidistant to the epicycloid (Concave
PEE).So, to ensure the absence of glegeneratedreas on the equidistant, the
distance of its removal should not exceed the minimum radius of curvature of the

epicycloid r ;.. A formula was obtaed which accurately determind®e value ;.

An analytical description of the peripheralirve of the equidistant group to the
epicycloid in a single continuous form has also been performed. Bringing the
function of the angular coefient of the epicycloid to a smooth continuous form
allowed obtaining a rational analytic solution of the equation of coupling of
construction parameters and the family of curves.

Expediency of using the concave area as a forming profile of the grindired whe
has been justified. It has been theoretically proven that the use Gbtieave PEE
allows the roughness to l@nimizedand, accordingly to improve the basic grinding
method. The simulation results show, that the us€aficave PERllows for a
mikro-roughness of 2:2.8 times less thaConvex PEE with the same design
discretestep.The methodology of synthesis of a grinding wheel profile on the basis
of Concave PEE was developed. Its working characteristics have been investigate
according to the aeria of the coefficients of profile usage and specific load. The
limits of the values of the radius of thaoth, for which the application of this profile
geometry is the most expedient and effective, was established.

The third chapter presents theseach results of the kinematics of forming, and
simulation of the tooth profile precision. The performed study of the kinematics of

the contact interaction between the tool and the profile surface of the wheel shows th



10

variable velocity mode of the contgmbint of the profiles in the flat machine gearing.
The length of the lantern arc, polished in one dotinie of the tool, will have
different values depending on the phase of the generating process. The formalism ¢
describing the process of formationtbg lantern surface in the form of a formation
curve which is kinematically generated on a cylindrical surface during the generating
process was suggested. It has also been suggested to stabilize the process
linearizing the velocity of generating proseshich will allow achieving continuity

of feed on the doublturn of the tool.

The model of the radialomponent of the cutting forder the grinding process
was obtained. The model is based on the-Wwsdwn model of S.N. Korchak. The
model takes intoaount the dependence of the amount of abrasive grains involved in
the operation of the phase of the mutual position of the tool and the wheel. The
simulation of the elastic bendings of the tool from the surfackeolantern under the
action ofgrinding forcesis performed. It is established that the max values of the
deviation from a given profile for a concave shape excee@ #rhes this figure for
Convex PEEwhich is explained by the significantly larger values of contact areas
for a convex and coawe surfaceAlso established that the uneven curvature of the
instrument profile causes the deviation of a given shape, the nature of which ha
repetition, regardless of the modes of processing.

The fourth chapter presents a description of the equiprttemtprogram and
methodology of experimental research, and the results of experimental research.

Methodology of the experimental research involves us implementation the basic
grinding method, and improved version as its, under manufacturing conditions, with
the after measurement of quality indicators in the metrological laborfatoryts
realization special equipment and tools have been developed and manufacture
Experimental studies were carried out in accordance with the programme of rotatabl
central conposite plan.

In the process of practical realization of the grinding method of the lantern
wheel, it was established that the field of dispersion of the deviation parameter of ¢

given profile when machining with a grinding wheel with the profile on trseshbaf
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Convex PEE is within the range of 635.9 microns, and using the profile based on
Concave PEE will be 5:38,3 microns.At the same time, the roughness of the
treated surfaces for the Convex PEE is within the range of2l127microns, and for

the Concave PEE it is 0.5@.83 micronsWith commensurate fields of dispersion of
the precision parameter, the use of Concave PEE provid@s2tBnes better micro
roughness with the same processing conditions. Comparable precision dispersions
explainedby the low stability of the profile on the basis of Convex PEE, which
experimentally amounted to 4 continuously grinded teeth, while for Concave PEE,
this figure is 12.The increased tendency to deteriorate the profile on the basis of
Convex PEE has be@onfirmed, especially in places with minimal curvature.

The fifth chapter presents the ways of implementation of the technology of
finishing the profiles of GP wheels in the conditions of individual and serial
production. In particular, the design of a ramven grinding mandrel with a remote
spindle for vertical machining centres, and the layout of a multifunctional grinding
centre. Methods of calculation of the worm tools (hobs and wheels) for high
performance satellite finish processing technology, arev tool for high
performance finishing machining of lantern wheels with z > 10 and methods of its
calculation. are also been presented.

Scientific novelty of the obtained results:

1. The conditions for the existence of a conjugptzipheral of theequidstant
group to the shortened epicycloid in the form of a single continuous curve were
defined for the first time It is established that the introduction of the modified
function of the angular coefficient in the solution of the equation of the constructio
of the equidistanparameteto the epicycloid and the parameter that determines the
curveout ofthe group totalityallows construghg a peripheralin a continuous form,
without breaking of smoothness. Thus, an analytical method for finding the
peripheal groupsof algebraic curves, in particular those that outline the profiles of
gear wheels or tools, has been improved.

2. The appropriateness of applying the concaneaof the equidistant to the

epicycloid has been substantiated as a forming profiléhe tool for finishing
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abrasive processing of the profdéthe lanterrwheel. It has been established that the
application of a tool profile which hasgual curvaturevalue with a profile of the
lantern under treatmenpositively affects surface rougéss and tool stability which
is confirmed experimentally.

3. The description of the process of finishing the cylindrical surface of the
lanternin the form of functions that describe the movement of the contact point of the
tool with the lanternin the phne and spatial engagemevds formalized for the first
time. These functions take into account the variables of the contact interaction
conditions which izonditioned bythe uneven curvature of the tool profile.

4. An analytical connection was establidhand the influence of technological
processing regimes (rotation frequency of the lantern eccentric axis around the axis c
the tool circle, velocity of the tool oscillation and rotation frequency of the grinding
wheel) was revealed on the profile dewatit fand roughnes®fa of the grinded
profile of lantern wheel for the first tim&his made it possible to obtain optimal
ratios of the process parameters that provide the best values of quality indicators.

The practical value of the obtained results:

1. The conditions for the existence of equidistant to epicycloid in the form
suitable for synthesis of a satellite profile or instrument are determined. It is
established that if the distance of the equidistant remoteness exceeds the minimu
radius of curvatureof the epicycloid, tis leads to the appearance of
cdegenerate areas

2. The engineering methodology of synthesis and calculation of the profile of a
grinding wheel on the basis of the concave area of the equidistant to the epicycloi
has been developetihe scope of application of this tool is determined, depending on
the value of the radius of the lantern of the machined wheel.

3. Theoretically proved the linearizah possibility of thegear generatiospeed
of the contact point of the profiles of the tooldathe wheel, which makes it possible
to achieve constancy of the feed to the double stroke of the tool and, accordingly

increase the precision of the generation. Linearization functions are defined.
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4. The accuracy of profiling the concave area of the espadt to the epicycloid
has been increased which makes it possible to improve the accuracy of the
reproduction of the profile of the abrasive tool during its manufacturing or modifying.

5. A theoretical prediction of the mistake of the lantetmeel profile(within one
tooth) which is the result of the elastic deformations of the equipment elements undel
the action of cutting forces was obtained. This made it possible to identify the factors
affecting the deviation (the design of the grinding mandrel withreiternal spindle,
the uneven curvature of the tool profile, the change in cutting forces in magnitude an
direction) and provide appropriate recommendations for eliminating and minimizing
the influence of these factors.

6.1t is proved that the tool with thgrofile on the basis of the concave area has
increased stability (experimental 2 teeth), in comparison with the convex profile (4
teeth) which makes it possible to apply a cheap abrasive tool on a ceramic bond.

7. A number of innovative technical solut®rmre presented. They will facilitate
implementation of the flexible technology of finishing the wheels ofGRenamely:
the construction of a nedriven grinding mandrel with a remote spindle; layout of a
multifunctional grinding centre; methods of aaktion of the worm tools (hobs and
wheels) for higkhperformance satellite finish processing technology; a new tool for
high-performance finishing machining of lantern wheels with z > 10 and methods of
its calculation.

8. Specific results of the dissertatiamork were introduced into production at
Kirovohrad Tool PlantLezce Ltd. In particular, a modified version of a grinding
mandrel with a remote spindle which was adapted to the verticaldbozdinate
machining centreMillstar BMV850. This mandrel extersd the technological
capabilities of the supplied equipment and allows grinding the internal surfaces of
parts with limited access.

Keywords: gerotorpair, lantern wheelgrinding in geargenerationconditions

equidistant of epycycloidool profile, form creation.
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