IOP Conference Series: Materials
Science and Engineering

PAPER « OPEN ACCESS You may also like

- Planetary Candidates Observed by Kepler.

Finite element analysis of cylindrical gear with Vil A Fully Automated Catalog with

Measured Completeness and Reliability

mechanical event simulation Based on Data Release 25

Susan E. Thompson, Jeffrey L. Coughlin,
Kelsey Hoffman et al.
To cite this article: | Z Miklos et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 393 012046 - GaN metal-oxide-semiconductor high-
electron-mobility transistors using

thermally evaporated SiO as the gate
dielectric

Gengchang Zhu, Yiming Wang, Qian Xin
View the article online for updates and enhancements. etal.
- Scaling K2. 1. Assembly of a Fully
Automated C5 Planet Candidate Catalog
Using EDI-Vetter
Jon K. Zink, Kevin K. Hardegree-Uliman,
Jessie L. Christiansen et al.

c '. = " - DISCOVER

how sustainability

The 3 ot o, intersects with
Electrochemical ¢ |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 18.216.8.40 on 14/05/2024 at 20:41


https://doi.org/10.1088/1757-899X/393/1/012046
https://iopscience.iop.org/article/10.3847/1538-4365/aab4f9
https://iopscience.iop.org/article/10.3847/1538-4365/aab4f9
https://iopscience.iop.org/article/10.3847/1538-4365/aab4f9
https://iopscience.iop.org/article/10.3847/1538-4365/aab4f9
https://iopscience.iop.org/article/10.3847/1538-4365/aab4f9
https://iopscience.iop.org/article/10.3847/1538-4365/aab4f9
https://iopscience.iop.org/article/10.1088/1361-6641/aad8d7
https://iopscience.iop.org/article/10.1088/1361-6641/aad8d7
https://iopscience.iop.org/article/10.1088/1361-6641/aad8d7
https://iopscience.iop.org/article/10.1088/1361-6641/aad8d7
https://iopscience.iop.org/article/10.3847/1538-3881/ab7448
https://iopscience.iop.org/article/10.3847/1538-3881/ab7448
https://iopscience.iop.org/article/10.3847/1538-3881/ab7448
https://iopscience.iop.org/article/10.3847/1538-3881/ab7448
https://iopscience.iop.org/article/10.3847/1538-3881/ab7448
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjstBjBT5FleCXT6r2n7mEsIjz9l2YMJqGiIHJJKnO3YCPfsU19BCC2G9xHPIvdYS5e5HheFCT5h2elydKa4YrJLuBkNMSeOgPkGh9-52k8Ws2F-wwS7M-AcmKO0aWQhrAFVG_osNk8ziftfLDgLxKLEABQwrBfBL_pRpoHk-_P7yg2JllT_srPejYcPcOxONptsy8P65nrXadSz1329krFmIMfXt_Ef4NQbJ1gUpH_Zprw6JOOxdlsk7RATWucsJy5gqoNNqXdqppbe010I4-aXvVT_Y7ayL8LFEh-oPVdyenbDPJwqnMPMn1kzBtkWBchaYArS07-kZuui6aT-RpshtHI3y8Q&sig=Cg0ArKJSzBzJ9UNigKrt&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

KOD 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 393 (2018) 012046 doi:10.1088/1757-899X/393/1/012046

Finite element analysis of cylindrical gear with mechanical
event ssimulation

| Z Miklost, C Miklost and C | Alict

Politehnica University of Tingbara, Faculty of Engineering HunedoaaRevoluiei
Street, 331128 Hunedoara, Romania

E-mail: imre.miklos@upt.ro

Abstract. In this paper, we present the finite element anmglgs a cylindrical gear using the
Autodesk Simulation Mechanical software, with matbal event simulation (MES). MES
combines the kinematic, rigid, and flexible-bodynédynics with the nonlinear stress analysis.
Therefore, MES can be used to simultaneously aeatyschanical events involving large
deformations, nonlinear material properties, kingenmotion and the forces caused by this
motion for predicting the resulting stresses. le$sential that MES can be used to define the
surface contact between the teeth in contact atendime, the analysis parameters by time
steps, respectively the kinematic and kinetostpicameters, variables defined by certain
curves. We use the analysis to find the stressildlision, nodal displacements, etc. in the
contact area of the two gear wheels, at differiem steps of the kinematic cycle.

1. Introduction

The finite element method, being a numerical irddégn method applied to the partial derivative
equations put in variational form, represents thegl tool to solve static and dynamic problems in
various engineering fields through linear or nosdinanalysis.

The linear analysis assumes linear elastic behadaod available infinitesimally small angular
displacements and strains. In the linear analysescostly load incremental and iterative proceslure
are not required, being obtained direct solutidim® principle of superposition is valid, and thsulés
for various load cases can be factored and combixled, the material constants in the linear analys
of isotropic materials are only two, thus leadiagéry simple stress — strain relationships.

The majority of structural systems are analysedhgighe linear theory. In numerous cases,
however, the structural behaviour is mainly chamased by nonlinear effects that must be includhed i
the analysis. The nonlinear effects can be clasbsis follows:

= Material nonlinearity, when the material can berahterised by a nonlinear stress — strain

relationship;

= Geometric nonlinearity, when the deformation causgethe applied loads cannot be considered

small; in these case, the small deflection thesnyat valid, being required the use of the large
deflection theory;

= Boundary nonlinearity, when the boundary conditiareschanging with the load levels.

The nonlinear analysis substantially differs frdm tinear analysis. The principle of superposii®n
not valid and only one load case can be treatextahe. Also, the loading history depends on the
sequence of load application, as well as on thegmee of initial stresses, such as residual ssesse
prestressing [1].
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The nonlinear analysis can be performed using tleehdnical Event Simulation (MES), by
watching a design moving in a dynamic event, sughbwackling, swinging, rotation, or oscillation.
MES combines the dynamics of rigid and flexible ypo#ith the possibilities of nonlinear stress
analysis.

As a result, MES can simultaneously analyse mechamivents involving large deformations,
nonlinear material properties, kinematic motion &ndes caused by that motion, and then predict the
resulting stresses.

Some of the main advantages of MES are the nesdke fewer assumptions. With MES, there is
no need for elaborate hand calculations, interpogteof results or experiments to determine the
equivalent loading. The fewer assumptions that reshade reduce the chance of errors [2].

2. Geometric design of the gear

The cylindrical gears are machine parts with wideagd use in practice. The designing of cylindrical
gears, i.e. their sizing and checking, is carriatlio accordance with the fatigue strength condgio
provided in ISO 6336, the fatigue being causedheydontact stress on the gear teeth flanks and the
bending at the base of teeth. At the analysis ugiad-inite Element Analysis with MES — nonlinear
material model, the obtained results are: stressmigl displacements and strains at different aneas
points of the geometric model, at different timepst of the kinematic cycle.

The studied gear was designed using Autodesk lovéhibfessional software [3-4], based on the
initial parameters shown in Table 1, and the regtite values of resulting safety factors), for tihie
stress cases, are shown in Table 2. It is mentitim@tdthe values of these safety factors are higher
than the allowable values. The geometric modelhef gear resulting from the computer assisted
design is shown in Figure 1.

Table 1. Initial parameters required for gear design.

Gear Module Centre distanceHelix angle Power Gear 1 Speeq\llaterial
ratio  (mm) (mm) (deg) (kW) (rpm)
2.5 2.75 80 0 12 1500 EN C50

Table 2. Design results.

Factor of safetyFactor of safety fromStatic safety Static safety

Gear from pitting tooth breakage  in contact in bending
Gear 1 1.32 2.621 1.23 5.549
Gear 2 1.24 2.679 1.28 5.61

Figure 1. 3D model of the gear. Figure 2. Discretized 3D model.
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3. Gear analysisusing Mechanical Event Simulation (MES)

3.1. Initial aspects
The analysis using the Finite Element Analysis MitES — nonlinear material model — was carried
out using the Autodesk Simulation Mechanical sofewaoing through the specific steps of such an
analysis, i.e. discretization of the model, moadellof the rotation couplings, establishing the acef
contact between two gear wheels, shaping the @ntstrand loads, performing the actual analysis
(visualization and interpretation of results), dinally generating the analysis report [5].

The geometric model discretization was achievedestablishing an average size for the finite
elements and keeping the resulted brick-type elemen

The kinematic rotation couplings have been modeheithe bores of the two gear wheels, and the
constraints (DOF), the prescribed displacementd,tiaa applied loads are going to be defined in the
central nodes. The type of default element forkihematic couplings is trusghich cannot takeover
any kind of moments and therefore turns into begme-telements. The model obtained so far in this
stage can be seen in Figure 2.

3.2. Modelling of surfacesin contact
When transferring loads between the elements aissembly, the nodes of the contact surfaces are
usually interconnected. Following the discretizatidghe contact between the pairs of nodes is a
bonded-type one; therefore, the two gear wheelscansidered stiffened together, the engaging
movement being no longer possible. In this regérds necessary to define a surface-to-surface
contact between the surfaces afferent to the teathntact at a given time.

This was made in MES by creating a surface-to-serfaontact pair, since the surfaces may come
into contact with each other during the analysiarerinitially in contact, but in the next momeney
can separate. The contact pair is made of twondisturfaces of the two gear wheels, which have
been obtained by correspondingly joining the sw$aaf the engaging teeth at a given time, as can be
seen in Figure 3 and Figure 4 [6-7].

Figure 3. Contact surfacéor the Figure 4. Contact surface fi
gear wheel 1. the gear wheel 2.

3.3. Defining the constraints and loads

Defining the constraints means defining the deguadfeseedom for the assembly components, i.e.
specifying the possibilities of movement that astricted. Since the two gear wheels, along wigh th
two associated kinematic couplings, execute ontatianal movements, they will have only one
degree of freedom, i.e. rotational motion arounral akis perpendicular to the engagement plane, the
other five possibilities of movement being thustnieted, as shown in Table 3. The constraints were
defined in the central nodes of the two kinematigptings.
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Table 3. Nodal general constraints.

Part Tx Ty Tz Rx Ry Rz

Kinematic couplingl Yes Yes Yes Yes Yes No
Kinematic coupling2 Yes Yes Yes Yes Yes No

The rotational movements of the gear componentg wefined by their rotational speeds around
the corresponding axis (Z), for the pair consistofgthe driven toothed wheel and its associated
kinematic coupling, taking into account the valdettee gear transmission ratio (2.5), as shown in
Table 4. The rotation centre for the pinion andagsociated coupling has been defined in the odfyin
the reference system, and the value of the distagivecen the axes (80 mm) in the direction of Ysaxi
was taken into account for the driven gear assembly

Table 4. Speed values.

Part Translational Rotational  Centre of rotation

velocity (m/s) velocity (rpm) (mm)

XY zZ X Y Z X Y z
Gearl 0O 0O O O 0 -15000 0 0
Kinematic coupling1 0 0O O O 0 -15000 0 0
Gear 2 O 0O O O O e00 0 80 O

Kinematic coupling 2 0 0O O O 0 600 O 80 0

The loads afferent to a nonlinear analysis may dapending on the duration of the analysis, these
being controlled by the load curves. The multipiads can follow the same loading curve, but in most
cases the individual loads can be assigned todhieus load curves. For analysis, two loads asdigne
to two distinct load curves have been defined [8].

For the first load, a prescribed nodal displacerea applied in the central node of the kinematic
couplings associated to the pinion, displacemernctiwat any time of the analysis will depend on the
assigned parameter (a rotation), as well as oguhent multiplier given by the load curve 1, asrse
in Figure 5.

The second load is a nodal moment, defined in #wral node of the kinematic coupling
associated to the driven toothed wheel by size Q@9INmm) and direction (around the axis of
rotation — Z), its variation during the analysisngedescribed by the load curve 2, as seen in Ei§ur
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Figure 5. Nodal prescribed displacemt Figure 6. Nodal moment — Load case 2.

— Load case 1.
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3.4. Gear Analysisusing MES
In order to carry out the gear analysis, we mudindethe parameters. The Mechanical Event
Simulation (MES) is defined by two parameters,dgration of the event and number of time steps.
The duration of the event is the period of timeimyrwhich a pair of teeth are in contact,
corresponding to a complete rotation of the pinimmg was determined according to its speed. For
analysis, we established a number of 10 time sthpsjuration of the event being divided into equal
time intervals, for which we obtained successivailte [9]. The established analysis parameters can
be seenin Table 5.

Table 5. Parameters obtained when using MES for analysis.

Duration (s) Number of time steps
0.0025 10

The obtained results are presented below for tiimee steps, i.e. the beginning, the middle and the
end of the event. We intended to show the Von Msesss distribution for the gear unit, but also
individually for the contact areas of the teethnla of the two gear wheels, strains, nodal
displacements and safety factors.

= Step 1 - Time: 0.00025 s

Stress
van Mises
N(im2)
68,79685
61,92149
5504613
4817077
41,2954
3442005
27,5447
2066934
13,79398
6,91862
0,04326093

Strain
van Mises
mm/mm

0,0004325913
0,0003893594
0,0003461274
0,0003028955
0,0002596635
0,0002164316
0,0001731997
0,0001299677
8,6735772-05
4,350383€-05
2,7189362-07

0000 0000
[ [
L L

Figure 7. Von Mises stress in gear unit Figure 8. Strain at time step 1.
at time step 1.

Stress Slf’aﬁﬁ
von Mises 00 ises,
W) Ni(mm-2)

£8,79685
62,61452 61,9214
56,36156 55,04613
50,10881
4385565
37,60269
31,34974
2508678
18,84382
12,59087
6,337909
0,08495169

48,1707
41.29541
34.42005
27,5447
20,66934
13,79398
631862
0,04326093

zzzzz

Figure9. Von Mises stress in the contact  Figure 10. Von Mises stress in the contact
area of the pinion at time step 1. area of the driven gear at time step 1.

Stress
O Mises
Factor of Safety

3434045
30908,15
27475 .66
2404357

Displacement
Magnitude
mn
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0,46
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Figure 11. Nodal displacement at time Figure 12. Safety factor at time step 1.
step 1.
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= Step 5-—Time: 0.00125 s

Stress Strain

von Mises von Mises

Ni(mm*2) mmimm

e

924039 00006643034

79,2076 0.0005812869

660113 0,0004982744 \\",/

Sae i _ &z

26,4224 00002492308

L e a{v
1.872971e-07

Figure 13. Von Mises stress in gear unit Figure 14. Strain at time step 5.

at time step 5.

Stress Siress
von Mises von Misss
e et
1319928 anﬁeenﬁ
o S
1056048 27,1873
5241075 22,66105
e 1350955
B6,02272 e
5282871 4556051
39 63469 0,0298008

26 44068
1324666

D‘DE%%ﬂQEA 14,087 mm28,|

X

Figure 15. Von Mises stress in the  Figure 16. Von Mises stress in the contact
contact area of the pinion at time step 5.  area of the driven gear at time step 5.

Displacement s
Hagniie vnnrhifsses
e Factor of Safety
Preed e
3473467 49916,12
2978972 4437021 \\"’/
2482476 3882587
e o, A \%
0,9929903 ‘ g ?/I‘\\“ o 7’ V
04964933 22190,07 1
A 1664 56 2 //I‘\\\\

11099 65 il

5554 444

9234336

l 2
X
Figure 17. Nodal displacement at time Figure 18. Safety factor at time step 5.
step 5.
= Step 10— Time: 0.0025 s

Stress Strain
won Mises On Mises
MAm2) mr/mm
152,5316 0001851968
137,2826 0,001666812
e e
o150 M : .\\\Z/A
61,03732 0,0009261866 == —(_‘_{
. e ///‘\\

0,0003707173
0,0001859617
4,054023e-07

15,29018
004113021

0,000 20725 mm 79440
[ T T
L I 1

Figure 19. Von Mises stress in gear unit Figure 20. Strain at time step 10.
at time step 10.
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Stress Stress
won Mises Yo Mises
N mm*2) A mm» 2y
152,5316 82,20817

T 1372826 73,99749
1220335 65,7068
106,7545 57,57612
91,5635842 49 36543
7628637 41,19475

I 61.03732 giigggg
45 78827 .

B Arar20ne
Ll 01013206

0,04113021
0.000 14504 mm

0,000 31,163 .
R =

Figure 21. Von Mises stress in the  Figure22. Von Mises stress in the contact
contact area of the pinion at time step 10. area of the driven gear at time step 10.

x

Stress
von Mises
Factor of Safety

2849731
23648 64

2279977
i PR

a706,557
[ 2857688
ag1s207

Displacement
Magnitude
mm

9819721
8,837743
7.858777
6873805
6,891833
4,309861
3,927888
2945816
1,963344
0,9819721
o

Figure 23. Nodal displacement at time  Figure 24. Safety factor at time step 10.
step 10.

For a correct interpretation of the results presgérebove, they can be also viewed in graphical
form, as a variation of the size studied during ¢lent, in the defined time steps. For example, in
figures 25 and 26 it shows von Mises tension marinvalues variations and nodal displacements in

the 10 time steps.
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Figure 25. Maximum values of stress mo Figure 26. Maximum valuesof displacemel
Mises in different time steps. magnitude in different time steps.

Analysing the results presented in Figures 7 f@6the above-mentioned time steps, we can specify

the following issues:
= For each time step, the Von Mises stresses havémuaxvalues in the area where a pair of

teeth is in contact at a given time, being beloanthlues allowable for that gear wheel material,
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The stresses on the flanks have maximum valuesrdiththe peak area, or at the base of the
teeth, depending on their relative position atvegimoment of engagement;

The relative elongations have low values, withinegtable limits, with a growing trend during
the event simulation;

The nodal displacements are also increasing dtinegvent simulation, the values being high,
specific to a nonlinear analysis;

The safety coefficients have values above the rewamded limits, the lowest value that
corresponds to the maximum stress at time stepeit@ 18.81.

4. Conclusion

On the basis of the above mentioned issues, tiie fement method analysis of cylindrical gears ca
be considered a useful method to be applied ingde®). The use of MES with nonlinear material
model, by properly determining the parameters efahalysis, enables us to obtain results at differe
moments of an undergoing event. In this paperotftained results showed the distribution and the
extreme values of stresses, displacements, rektivgations, and safety factors.
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