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ANALYSIS OF THE ACCURACY
OF RECONSTRUCTION OF THE GEOMETRY
DRIVING WHEEL OF GEAR PUMP
WITH APPLICATION OF CATIA SYSTEM

Matgorzata Zaborniak, lwona Tofil-Kozdra

Summary

Modern methods of design and manufacture of gears are based on Computer Aided Engineering Systems.
This article presents one of the methods to analyze the accuracy of mapping geometry of the model of
driving wheel of gear pump designed in CATIA v5 System. Comparison of the accuracy of mapping of the
geometry of the hybrid model has been performed with the source model of gear (model .stl format).
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Analiza dokladnos$ci odwzorowania geometrii kota zebatego pompy zebatej
z zastosowaniem systemu CATIA

Streszczenie

Podstawa nowoczesnych metod projektowania i procesu wytwarzania kot zebatych sa komputerowe
systemy wspomagania prac inzynierskich. W pracy przedstawiono jedna z metod analizy doktadnosci
odwzorowania geometrii modelu kota zebatego pompy zebatej wykonanego w systemie CATIA v5.
Przeprowadzono analize i poréwnanie doktadnosci odwzorowania geometrii modelu hybrydowego oraz
zrodtowego modelu kota zebatego (model .stl).

Stowa kluczowe: system CAD, walcowe kota zebate, analiza doktadnosci

1. Introduction

Reconstructionthe exactnumerical model ofgearis a complex task
Although, themodellingteeth geometry of the cylindrical geiardescribedn
numerous 1-4], however,taking into account altonditionscan meaningful
complicate the mapping processteéth geometryThe article presenisnalysis
of the accuracyf mappingthe geometry othe damagediriving wheelof gear
pump unit(Fig. 1, 2).Research modelasstraight externatylindrical geaywhich
served as draining gear pumip the engindubricationsystemso-colleddry oll
sump It is apositive — displacement pump
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Fig. 2.Damaged gear (driving wheel) (a), decrement by dgadooth (b)

2. Methodologyof reconstruction of damagedgear geometry

Reconstructioproces®f geometrywas carried out foeach of the two gears,
becausehe cooperating wheels of gear transmission are exataigpairs for
steady wearlapping and matingintegration Recovery procesef geometryof
single gearin industrial practicde.g.: lack of technical documentatiais) not
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performed.The reasoris the inability todetermine the actualeometry, high-
grade work based on the origirgalculation.

In a replicaof suchgearsome datas not fully identified e.g.:addendum
modification coefficientThat is why aseeminglysimpleproblembecomesnuch
more complex.

The main stages ofmethodical approachto reconstructionthe gears
geometry

1. The analysis and assessment of wear state (ergioa}.

Identification of damagealso the type andvear gradeof eachsurface.
Determination of particularly important aredsr recovery of functional
characteristic of cylindrical gedndicationof fragments othe surface, edges and
pointson gearswhichretained their originayeometry(shape, locationjhat will
be possible to referenagf reconstructiorof damaged fragments

2. Preliminary measuremerasd calculationsf teethand meshing gear

Elaboration of the concept of 3D-CADmodel construction basedon
availabledata in order toeference-grade models of gearshe generatoio the
cylindrical gearsAutodeskinventor Professionabystem[4]. Execution ofthe
numerical model3D-CAD analyzed geattransmission andcontinuation of
processing 3D-CADnodels

3. Measurementsf gearsusingcoordinatemeasuring techniqugm research
carried outby optical scanniny

Construction ofnumerical modeBD-CAD based on obtained dafeom
coordinate measuring (CMM).

Execution ofsurface modelsf the two matinggearsin CATIA V5 System
Implementation ofybrid modelsof bothgearsn CATIA V5 System
Analysis of the accuracy ofiappinggeometriesnadegears models.
Elaboration of technical documentation.

The presentlaborate descibesstageatwhich executions of thenalysis of
the accuracy amhappinggeometryaremade3D-CAD gears model#Analysishas
been achievedf detectedlefects and defineah the basisf the results obtained
andthe reasons fathesedamagesnd destructiowausedn applied researcbf
driving wheel. Analysis of resultsvas basedn comparison ofccuracytest
model withhybrid mode| alsomodel obtainedrom the generatoof cylindrical
gear withhybrid modelcreatedon thebasis ofthe geometry of theest model

In the elaboratasthe source moddlesearch modekjata of cloudpoints
containedn a file of .stl (stereolithography format) is determinsl@minalmodel
(standard model) is gearmodelof generatoto thecylindrical gearswhile the
concept othe hybrid modeis definedassolid modekreateased orthesurface
model basedon the source geometry modetegéearch model)The article
discussegust a comparativphaseof mappingof research model's accuraeith
hybrid model

No ok
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3. Pre-processing3D-CAD model gear (driving wheel) toanalysis

In order to perform analyzes of mapping gear gegmesearch model must
be prepared. Gear model in .stl format was obtdimed measurements of optical
scannerThe obtained model, firstly isn't parameterized aadondly is affected
by fault in relation to the real moderherefore, it is necessary to build a
parametric surface model of the gear. To creataranpetric surface model 3D-
CAD models in the form of cloud of points were ugeit. 3).

Fig. 3.Model in.stl format damaged gear obtained from measurements

In order to obtaira surface modedf the closed structurenodel.stl ongear
auxiliary sections were carriedn orderto getprofiles of the spannedsurface
which werethe basis forthe subsequeriperationsBased onthe constructed
surface gear modéFig. 4)solid model was made.

Fig. 4.Surface model of driving wheel of gear pump



Analysis of the accuracy ... 59

Pre-processing of gear model analyzingmapping geometryas carried
out in particularmodules of CATIAV5 System:GenerativeShapeDesignand
Digitized ShapeEditor. The researclyear modebccounted foreference data
whereasextractsgeometry ofhybrid modelhas been treateds an object of
comparative analyzes. The resutsanalysisare shownn Fig. 5 ands. Figure 5
showsthe stageof mappinggeometry of the research gear modshtive to
nominal (standardBD-CAD model The results argiven in percentage®f the
source modefjeometry (oftloud points)andlengthin mm, wherethe reference
lengthwas automaticallget to Imm. As a result otomparative analysis tfie
hybrid modelof researctyearmodel,accuracyhas been demonstratednapping
geometry on leved6.68%.

Fig. 5. Results of mapping gear geometry

Special fields the area othepulled out tooth(yellow and redYFig. 6). The
difference(in height)betweerthe reconstructetoth andemains of itis5.71677
mm according to the prograissumingdatafrom the calculationihere the total
tooth heightwas 6mm, this isapprox.95.28% of the wholetooth. Accuracy of
the analyzesvasconfirmed bythe factthat thecylindrical and flatsurfaceshave
not beermoved shiftedor distortedrelative to theesearch model
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Deviation Analysis.1

5.7167792708Bmm
0.71%
5.1451013437mm
0.34%
4,5734234166mm
0.29%
4,0017454895mm

3.4300675625mm
2.8583896354mm
22867 117083mm
1715033781 2mm
1.1433558542mm

0.60%
0.57167792708mm
96,42%

Omm

Fig. 6.Detailed analysis areas of the tooth taken out

4. Detailed analysis of gear damage

In order tocompletelylocate the faujtand to determin¢heir causestwo
meting gears of gear pump were analyZgelow are presented thabserved
damage anthult profile of surface modelf both gears: driving wheel apthion.

Analysis of tooth profile fault

Figure 7shows damage profile of gear teetktending intathe materiato
the depth ot mm.Profile insectional.25 0.5and1 mm was analyzednalyses
showthat this is dypicalindentation

Analysis gear hub

Figure 8 showsleviation of profile of internal gear holehich was made
from sectionsin research modédkolid line),from theoretical(dottedline). This
kind of hole distortion by its natum@ay be the result aieasurement inaccuracies
or approximatiorcurvesduringcreatingsections
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1,0 mm

0,5mm

0,25 mm

Fig. 7.Analysis oftooth profilein cross-sectionef 0.25mm, 0.5 mm andL. mm

Fig. 8. Distortion in profile of internal gear hole

Analysis of tooth surface

Figure 9 shows tooth surface distortion as wipnickness of 0.066 mm on
the side of one tooth from the vertices. This tgpdistortion (such as wiping) on
the tooth surface for individual character may $ienflarly as the above internal
hole damage), the result of measurement inaccwaci@pproximation curves
during creating sections.
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Fig. 9. Distortion of tooth surface as wiping (660&m)

Analysis of teeth pinion profile

Figures 10-12 show the distortion of involute toptbfile. Figure 10 shows
profile of distortion relative to reconstructed tiooprofile, and additionally
mapped profile compared to notch surface (toothcepaand location of
distortion. The profile distortion was located tooth sections thickness of
0.5 mm on both sides of toothed pinion rim (Fig, 1P2). A similar type
of deformation (indentation) exists on adjacentthoand following tooth side
(Fig. 11). In acknowledgement of this, there wezetisns made in locations of
high density mesh of triangles.

Damagéd prc;file
(dotted line)

| by Reconstructed profile
L mmmeeee - (solid line)

Fig. 10. Distortion involute tooth profile
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Fig. 11. Areas of distortion of tooth profile (camtration of cloud points)

Figure 12 represents profile distortion as linetisas placed on the mesh
model. Typical mesh density in the indicated taatbas is shown.

Fig. 12. Distortion of tooth profile (density trigie mesh)
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Analysis of pinion tooth space (notch)

Figure 13 shows the damage distortion profile othispace (notch) in the
cross section in front plane. The observed damatjscentinuity (like "ragged"”
profile) is the result of processing. This is doethie fact that this area is not
included in functional profile. In support of thisroposal the kinematics
cooperation (meshing) in gear notch should be redto

Fig. 13. Damage of profile notch

Analysis of pinion hub

Figures14 and 15 showdistortion of profile under-rolling in internal gear
hole.Damageeflectdestructiorcaused byvearduring gear pump operation

Fig. 14. Distortion profile of under-rolling intezthhole (from the front side toothed wheel rim)
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(0.181)

1,194

Fig. 15. Distortion profile of under-rolling intesthhole
(from the back side toothed wheel rim)

5. Conclusions

The examplef analysisaccuracy of mapping geometggar modebf gear
pump carrying outin CATIA System as well asachieved analysis detected
damagerasedn made wheels modetsonlyonepossibilityof realizing this type
of analysisThe elaboratdoes not exhaust the subject of associptedlemswith
analysisof accuracy andamage, buallows todevelopin different directiorareas
damagedmachine partsin order to improvetheir geometryandor reconstruct
detail for exampleone of the methods &apid Prototyping5-7].
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