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ABSTRACT

Spur gears are the most well-known kind of gears used in hybrid vehicle’s power
transmission. They have straight teeth, and are mounted on parallel shafts. In some
cases, many spur gears are utilized without a moment's delay to make huge rigging
decreases. In this paper how stress creates on a spur equip under various conditions
and conditions and reenactments of a rigging system (two spur gears) is assessed by
Ansys workbench. For this static structural and dynamic analysis modeling is
utilized. A couple of spurs equip tooth in real life is by and large subjected to two
sorts of cyclic stress: contact stress and twisting stress including bowing fatigue.
The two stresses may not accomplish their greatest esteems at a similar purpose of
contact fatigue. These sorts of failure can be limited by analysis of the issue amid
the outline organize and making appropriate tooth surface profile with legitimate

assembling strategies.
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1. Introduction

A gear or cogwheel is a turning
machine part having cut teeth, or gear-
teeth, which work with another toothed
part to transmit torque [1]. Geared
devices can change the speed, torque, and
course of a power source. Gears quite
often deliver an adjustment in torque,
making a mechanical preferred stand-
point, through their gear proportion, and
hence might be considered as a straight-
forward machine. The teeth of the two
gears have exactly the same profile [1].
When, at least two meshing gears
working with alignment known as gear
train or transmission. A gear can work
with a direct toothed part, called a rack,
in this manner creating translation instead
of rotation.

Spur gears or straight-cut gears are
the least complex kind of gear. They
comprise of a barrel or plate with teeth
anticipating radially. In spite of the fact
that the teeth are not straight-sided (but
rather ordinarily of exceptional outline to
accomplish a consistent drive proportion,
essentially  involute  however less

regularly cycloidal), the periphery of
every tooth is straight and attuned
parallel to the hub of pivot. These gears
are fitted to parallel shafts works mutual-
ly accurately [2]. The tooth loads make
no hub push. Spur gears are outstanding
at direct speeds however they have a
tendency of being noisy at elevated

speeds [3].

There are a few sorts of stresses exhibit
in loaded and turning gear teeth and
generally two sorts of fatigue failure in
spur gear. There are two hypothetical
recipes, which bargain with these two-
fatigue failure systems. One is the Hertz
equation, which can be utilized to figure
the twisting stress [4, 5].

Dynamic loads on the teeth, coming
about because of the operation of gears
are one of the vital variables deciding the
dependability and durability of the
transmission. and M.D.
Genkin,1956 [6], N.A. Kovalev,1961 [7]

recommended distinctive technique for

Petrusevich

dynamic analysis. Kahraman,1997 [8] and
Parker,2000 [9] utilized a model with
lumped parameters in which the gearing
appears as hard drives associated with the
versatile damping coupling. The limited
component technique is fit for giving all
the essential data however its very
tedious. Modeling programming can make
the work truly less demanding and Ansys

workbench is one of them.

. Methods

The Finite Element Method is a
numerical method used for taking cares of
engineering and mathematical problems.
It is likewise alluded to as finite element
investigation (FEA). Analytical method is
exceptionally tedious however it gives a
correct arrangement. Numerical methods
are easier than analytical method and get

approximate solution. Now a days
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scientists and  engineers  prefer

numerical methods for their simplicity.

2.1 Design of gear
The gear was designed in solid
works. It could be designed in Ansys
but for designing of solid bodies solid
works provides much easier interface
than Ansys. Then the design was im-
ported in Ansys. The parameters and

geometry considered for the simulation

is given in table-1. )
Figure 2. Gear of 31

Table 1. Geometry parameters of spur gear design

Number of  Face width Normal Pressure Range of ~ Torque range
teeth module angle rotating speed

7Z,=29 and 12 mm 3 mm 20 degree 10 to 10000 500 to 1500
Zz=3 1 Nm

2.2 Meshing and defining Boundary
condition for stress analysis

Element type solidl0 node quadratic
tetrahedral. Here both remote
displacements for bearing supports are
taken fixed.

0.00 3500 70.00 (mm)
Table 2. Mesh sizing (Details of Mesh) e =
Figure 3. Mesh of the gear
Relevance Center Fine
Initial size seed Active assembly
Smoothing Medium
Transition Fast

Minimum edge

length 1,47,480 mm

Figure 4. Shear stress
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Figure 7. Equivalent elastic strain

2.3 Simulation of gear system The simulation resultsare presented in
The simulation was done by figure 9 & figure 10.

dynamic analysis. The numerical MAd 5

dynamic simulation using Ansys

Transient  Structural has  been

conducted through finite element

method. Figure-8 shows a bulk Figure 8. Finite element method of
spur gear pair in Ansys

combination of two spur gears. .
transient structural.
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Figure 9. Load distribution of bending stress for single tooth at a speed of 40 rpm
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Figure 9 shows the dynamic bending
stresses in the tooth at a speed of 50 rpm.
This result is in good agreement with the
experimental data of John
Howland,1960 [10], which he investigated
in 1960. Figure 10 demonstrates the

Sinclaire

simulation results about for the bending
stresses in teeth roots. In this graph vividly
identified point of resonance frequency as
well as point of the increase of stress is half
the speed of resonance.

Figure 10 demonstrates the distinction
between resonance frequency with the most
extreme estimations of the bending stresses
in the root when rotation speed is expanded
(blue) and resonance frequency when rota-
tion speed diminishes (red chart). Likewise
demonstrated a noteworthy diminishment of
dynamic stresses in supercritical range. This
outcome might be utilized when planning

the operation state of transmission.

VWOt € (g ean. MG

3. Results and Discussion

The finite element method is most
broadly for locate a genuine model of the
geared set utilizing the stress investigation
combine

in the of gears. The

improvement of  finite element
investigation model of the spur gear
assembly to reproduce the contact stress
calculation and bending stress calculation
is assume more critical part in the plan of
gears. The investigation demonstrates that
Hertz theory is the premise of contact
stress calculation and Lewis equation is
use for computing bending stress is a
couple of gear. Theoretically result got by
Lewis recipe and hertz equation and result
found by tantamount with finite element
investigation of spur gear. In The
dynamic  simulation results about
demonstrated a decrease dynamic stress

level in the gear prepare on basic range

with increasing of external loads.

Figure 10: Ansys transient simulation results: bending stress distribution with
increasing rotation speed (blue) and reducing (red)
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4. Conclusion

As a result, in view of this finding if
the contact stress minimization is the
essential concern and if the huge power
is to be transmitted at that point spur
gears with higher model is favored.
Henceforth we reason that analysis
software can be utilized for other
dissecting reason

Results of demonstrating show
affirmed the nearness of discontinuous
vibration with loss of contact of the
teeth in the basic range. Time-shifting
mesh stiffness function inspects as
principle wellspring of vibration and
dynamic conduct of a gear framework
and assess through nonlinear finite

element model.

5. References

1. Arefin, M. A., Mallik, A, &
(2018).
Renewable energy—assisted hybrid

Asfaquzzaman, M.

three-wheeler: A numerical

investigation. Advances in
Mechanical Engineering, 10(12),
1687814018814372.

2. Mehta, N. K. (2012). Machine Tool
Design & Numerical Control. Tata
McGraw Hill Education Pte.
Limited.

3. Oberg, E., & Jones, F. D.
(1916). Machinery's handbook (Vol.
1916). Industrial Press.

4. Shinde, S. P., Nikam, A. A, &
Mulla, T. S. (2012). Static analysis

. Arefin, A, & Islam, R.

of spur gear wusing finite element
analysis. /OSR Journal of Mechanical and
Civil Engineering, 26-31.

(2018).
Investigation of Different Validation
Parameters of Micro Gas Turbine for
Range Extender Electric
Truck. Journal of
Engineering, 31(10), 1782-1788.

International

. Mallik, A., Arefin, M. A., Rashid, F., &

Asfaquzzaman, M. (2017). Solar based
hybrid

rickshaw (auto-rickshaw) & its feasibility

plugged-in engine driven
analysis for Bangladesh. In Proceedings of
the international conference on mechani-
cal, industrial and materials engineering
RUET.

. Mallik, A., & Arefin, A. (2018). Micro

Hybridized Auto-rickshaw for Bangladesh:
A Solution to Green Energy Vehicle. The
Open Mechanical Engineering Journal, 12

(1).

. Karim, A. B., Avro, S. S., & Shahriar, S.

ASPECTS OF GEOTHERMAL ENERGY
RESOURCES IN BANGLADESH: A
STATISTICAL HYPOTHESIS.

. Parker, R. G., Vijayakar, S. M., & Imajo,

T. (2000). Non-linear dynamic response of
a spur gear pair: modelling and
experimental comparisons. Journal of

Sound and vibration, 237(3), 435-455.

10. Saha, S., Roy, S., Rahman, M., & Hasan,

M. (2018). Micro-hybrid with
Ultra-Capacitor Based Three-
Wheeler. World Scientific News, 97, 69-79.

26 | Copyright © 2019, Wahana Fisika, e-ISSN:2549-1989


http://dx.doi.org/10.17509/wafi.v4i1.15174�


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



