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Prediction of Theoretical Wear in High Contact Ratio
Spur Gear Drive
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Abstract

Gear contact surface wear is one of the important failure modes insgear
tems. The procedure implemented in this work includes finite element mudti pa
contact modeling to predict the load sharing between the simultaneouggcton
ing pairs and mathematical programming method to estimate the geareswdac
in high contact ratio gear drives for particular number of cycles. A oektb find
out the new tooth profile and the worn out volume after some particulabauof
wear cycles is also presented. The parametric study based on thagiéshsd
center distance and also for the fixed pitch circle radius are discussedvafi-
ation of wear depth at various contact point along the path of contauvtsstine
maximum wear depth at the beginning and end of the contact in geay lwivéne
highest wear occurs at the dedendum flank portion or root portioroti surface.
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1 Introduction

Wear and the associated material loss can lead not only ta@eth failure, but also
it can lead to changes in vibration and noise behavior, presinon uniform gear rate,
alter the dynamic effects and decreases the efficiency.ditiad, wear can change the
patterns of gear contact such that the altered load disiritmiand contact stresses will
accelerate the occurrence of other failure modes suchtagmnd scoring. Gear wear
debris can also be detrimental to the performance of bemdngther components of
a drive system.

Many researchers have attempted to predict the gear weay asalytical and
numerical tools. For most of the studies, the well-knownhfartl’s wear equation in
conjunction with gear contact model and relative slidinlggkations was used.

Andersson[1] appeared to be the first one to make the dettilely on the gear
tooth mild wear. He derived the expressions to calculateslipedistance of a point
on the pinion flank when it slides against the opposite mafiingk during a mesh
action under boundary lubrication or dry running conditidfhese expressions were
used by Flodin and Andersson [2] to calculate the slidingadise from involute spur
gear profile geometry. They have used single point observatiethod and simplified
Winkler's mattress model to predict the wear in the normaitact ratio (NCR) gear
tooth in which the contact rati@) is less than two. They have later extended their spur
gear wear prediction methodology to helical gears by giitlire helical gear in the face
direction into narrow spur gear segments staggered acaptdithe helix angle[3].
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Wu and Cheng[4] derived the formula for equivalent wear aaet tooth wear pro-
files along the line of action considering gear dynamics andin elastohydrodynamic
lubrication (EHL). Results show that most materials areacesd from both the adden-
dum and dedendum tooth surfaces and that the highest wearsagicthe beginning
of an engagement. This high wear region corresponds to thieofdhe driving (pin-
ion) teeth and the tip of the driven (gear) teeth. Brauer andetsson [5] presented a
mixed FE and analytical method to simulate wear in NCR spar gmth. FE model
was used by them to calculate the gear contact load, theziblequation was used
to find the contact pressure and contact width.

Bajpai et al. [6] proposed a wear model for NCR spur and hlefiears that
combines a FE based gear contact mechanics model that tsredittact pressures,
a sliding distance computation algorithm and Archard’s mfeamulation to predict
wear of the contacting tooth surfaces.

Despite the abundant literature available on the evaloatidshe wear in the NCR
gear drives, the calculation of wear in the high contacor@iCR) gear drives in
which e > 2 has been rarely studied. This work explores the effect abuargear
parameters on the wear of HCR spur gears. The typical coptécts along the path
of contact and the evaluation of load sharing between sanatiusly engaging pairs
using finite element method are done based on the authovi®psavorks([7] and [8]).
The sliding wear at the contact point of the two mating swe$aare calculated based
on the assumption that the surfaces are mixed or boundaricétéd, the hardness
values of the material is constant throughout the wear cgmtk the stiffness of the
contacting pair at a particular point is not affected as tkamprogress.

2 Wear Simulation Model

The sliding wear in local contact can expressed by the Adtharear equation and it
is given as[2]
Vv F

P @)

where, V is the volume of the worn out material, s is the slidilistance of a point i
slides against an interacting tooth flank during one mess e applied normal load,
H is the hardness of the contacting surfaces and K is the dilmieless wear coeffi-
cient.

The above equation is modified by dividing the both sides efafuation by the ap-
parent contact area

h

where, h is the wear depthy; is the contact pressure akg is the dimensional wear
co efficient and it is equal to K/H

In this work, the single point observation procedure prepdsy Andersson and Eriks-
son [9] is used to find the wear depth aihg is assumed as constant through out the
mesh cycle while also thgy is constant at the particular observation point. In this
procedure, the mean contact pressupe,(;), the half contact widthd;) and the slid-
ing distances are calculated for the observed contact fipimtthe mesh cycle. The
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accumulated wear depth is calculated using the followingaggn.

hi,new = hi,ald + kw (pm)22al {[(Up)zv_)(vg)z]} (3)

whereuw is the sliding velocity,subscript p and g denotes pinion gealr respectively
The above equation is used to carry out the wear simulatidrparametric study on

spur gears. The typical contact points during the mesh dgclBICR and HCR gear
drive is given in Figs.1a and 1b.
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Figure 1: Typical contact points along the path of contact.

2.1 Wear depth calculation for NCR and HCR gears

The input speed and power considered in this study are 15@nghBkW respectively.
The wear coefficient,, is taken a$X 10~ *m2N~1! [2]. The mean contact pressure
is taken as 3/4 of the maximum pressure [10]. Total numberea#reycles consid-
ered in this study is 50000. The gear parameters considerdhi$ study is given in
Table.1. The wear depth calculated for each 1000 cyclesK$LR gear drive is given

Table 1: Gear parameters

Parameters Value Parameters Value
Gear ratio (i) 1 Addendum modificatioriz) | O

Tooth number (z) | 50 Dedendum(hy) he+0.25m
Module (m) 1 Cutter tip radiugp,.) 0.3m
Pressure anglgv,) | 20° Rim thicknessx) 5m
Addendum(h,,) Material elastic modulus (E) 210 GPa
—NCR Gear pair | Im Poisso8 ratio(v) 0.3
—HCR Gear pair | 1.223m

in the Fig.2a. Based on the theoretical study made on the, Wesamaximum wear
depth occurs at the beginning and end of contact in NCR gedn,tbut the highest
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wear occurs at the lowest point of tooth contact (LPTC) ofgirtooth surface be-
cause of the maximum sliding distance. These trends agréwiitlethe experimental
evidence of Dhanasekaran and Ganamoorthy[11], Walton awdi@in[12], etc., as
long as mild abrasive wear is prevalent. Also there is arease in the wear depth at
highest point of single tooth contact (HPSTC) and loweshpof single tooth contact
(LPSTC) are noted for NCR gear drive because of the suddeease in the load at
these points. At the pitch point region there is no wear alezbdue to zero sliding.

The simulated wear depth in HCR gear drive is plotted in Fif. Zrom this
simulated wear depth, like in NCR gear, a similar trend ohbkigwear depth at the
tooth root flank surface is observed compared to tooth tip.f&ut maximum wear
depth occur only at first lowest point of double teeth confetPDTC (B)) for HCR
gear tooth. There is a reduction in wear depth observed dnthetsides around the
pitch point, which is due to the triple pair contact and ités@at the pitch point.

Wear depth (mm)

0.01-

Wear depth (mm)
© o© o o
o o o o
o o o o
D e far) o0
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(b) HCR gearf = 2.2)

Figure 2: Wear depth for each 1000 cycles for NCR and HCR gears
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2.2 Wear volume calculation

The worn out volume or material loss is calculated from thevesged wear depth for
50000 cycles. Each contact point has been moved by a distdveear depth along
the line of action. The coordinates of the new paiiit},y;) on the worn out profile
are calculated from the tooth layout shown in Fig.3 and ifveig as

x, = zi — hcos(0)) (4)
y; = yi — hcos(0;) (5)

The new profile after 50000 cycles along with the originalrg@afile is constructed

h \

Figure 3: Tooth layout to calculate the worn out profile

in a CAD package and the area between these two curves hasdlealated. Wear
volume is calculated by multiplying gear face width with teculated area.

3 Parametric Study on HCR Gear Drive with Fixed
Center Distance

In this work the center distanagf) is fixed as 50mm and the effect of addendui)(
pressure angley,) and their combined effect on wear depth are discussed.

3.1 The effect of addendum

For the different values df, ranging from 1m to 1.29m, the maximum wear depth and
the amount of material loss are compared and discussed. @kienom wear depth
occurs at the point LPTC (A) for the gear tooth with< 2 where as for the > 2,

the maximum wear depth occurs at the point FLPDTC (B) (Fig.#as observed that
the wear depth is increasing with respect to an increasesihgthip toe < 2, thenitis
decreasing for the further increasefif due to the reduction in the load shared by the
pair at this point, which causes the reduction in maximuntactrpressure. It is also
observed that the wear volume is increasing for an increasg(Fig.5a).

3.2 Effect of pressure angle

For different values ofy, from 14.5° to 22.5°, the calculated maximum wear depth
and wear volume are compared. It can be observed from thefibat an increase in
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o, reduces the wear depth. The maximum wear depth occurs at IUR)[Gr a gear
tooth with lowera,, where as, it occurs at FLPDTC (B) for a gear tooth with highgr
(Fig.4b). A decrease in wear volume is observed asicreases (Fig.5b)

3.3 Effect of pressure angle and addendum

For a fixed contact ratio 2.1 and different combinatignand«,, the simulated wear
depths and wear volume for a few cases considered in thig aredshown in Figs.4c
and 5c. Reduction in wear depth and volume are observed fordtaneous increase
in h, anda,. The maximum wear depth is noted at FLPDTC (B) for all the sase

4 Effect of Teeth Number(z)

By keeping the pitch circle as 50mm, the teeth numbers aragdthand the wear
depth and volume are determined for the three cases. Theadecin z increases the

wear depth and volume (Figs.4d and 5d).
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Figure 4. Effect of gear parameters on wear for 50000 cycles
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Figure 5: Calculated maximum wear depth and wear volume

5 Conclusions

Based on the theoretical study made on the wear, the maximesn @epth occurs at
the beginning and end of the contact in NCR gear drive, buhitdjeest wear occurs at
the dedendum flank portion. Also an increase in the wear dgpti?STC and LPSTC
is noted for NCR gear drive because of the sudden increabe ioad at these points.
When HCR gear is achieved by increasing the the maximum wear depth is noted
only at FLPDTC and it is also noted the depth of wear is redacednd the pitch point
region due to the triple pair contact. The wear is more for ¢@ath having higheh,
due to higher sliding. The maximum depth of wear occurs atCRdr lower o, and

it is at LPDTC for highero,, of HCR gear. The HCR gear drive with highey and
h, has shown less wear compared to gear tooth with legsandh,. The HCR gear
drive with a fixed pitch circle radius, gear with lesser z gates higher wear. An
increase iny,, decreases the amount of wear.
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