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Abstract— Theoretical analysis of vibration of a
geared system becomes quite complicated because of
the presence of several factors contributing to
generation of the excited motions. Some examples are
static transmission error (STE), gear tooth flexibility,
backlash, friction forces present at the contact
surfaces, torsional and flexural rigidity of the shafts
on which gears are mounted etc. Considerations of all
these factors make a model too complicated to be
treated analytically. STE is believed to be chiefly
responsible for gear vibration and noise.
Consequently, tooth profile modification is employed
to minimize dynamic transmission error (DTE)
variation and dynamic load. However, high
performance gears are still noisy in many
applications. One possible explanation is the presence
of friction as a noise source. A six degree-of-freedom
torsional-translational model is considered to study
the effect of friction in the line-of-action (LOA) and
off-line-of-action (OLOA) direction under gear tooth
modification. An attempt is made to find optimum
profile modification for minimum bearing force along
LOA and OLOA direction.
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l. INTRODUCTION

Gear noise has always been concern for the
designers and manufacturers of geared systems due
to its significant influence on the performance of
the overall system and also due to imposition of
stringent noise regulations and standards. In
majority of the gear models, friction forces are
neglected compared to the normal forces, acting
along the direction of common normal to the
contacting gear teeth. Fluctuation of normal force
causes dynamic transmission error (DTE) which is
usually assumed to be chiefly responsible for gear
vibration and noise. Normally tooth profile
modification is employed to minimize TE variation
and dynamic load. However, gear designed with
minimum TE variation does not always show
intended noise reduction [1]. The effect of friction
force which acts perpendicular to the normal force,
cannot be completely ignored. During gear
meshing, the gear and pinion undergo a rolling and
sliding action, except at the pitch point, where pure
rolling takes place. Since, rolling resistance is
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considerably smaller than sliding resistance, its
contribution to the total tooth friction is usually
ignored. Also, the sliding friction forces are small
compared to the transmitting force. Consequently
the friction force has been ignored in the earlier
gear dynamic models. When noise was considered
in the gear system, it was gradually understood that
the effect of tooth friction should be considered in
the gear dynamic model.

The effect of friction on torsional dynamics
was studied by Radzimovsky et al. [2] for a four-
square test rig. lida et al. [3] estimated the response
in the tooth sliding direction due to friction force,
while response in other direction was ignored. The
possibility of gear noise excitation by tooth friction
was quantitively discussed by Borner et al. [1], who
found that it can be a crucial parameter for
structure-borne vibration. Vedmer et al. [4]
analyzed off-line-of-action (OLOA) effects in spur
gearing and also included tooth friction in their
torsional dynamic model. Houser et al. [5]
experimentally demonstrated that the frictional
force plays pivotal roles in determining the load
transmitted to the bearing and the housing in the
OLOA direction, the effect being more prominent
at higher torque and under low speed conditions.
Velex et al. [6] described an iterative procedure to
evaluate the effect of sliding friction, the tooth
shape variations and time-varying mesh stiffness in
spur and helical gears and compared with
measurements. Lundvall et al. [7] considered
profile modification and manufacturing errors in a
multi-degree-of-freedom spur gear model and
examined the effect of sliding friction on angular
dynamic motions. They reported that the profile
modification has less influence on dynamic
transmission error (DTE) when friction effects
were included. He et al. [8] considered a multi-
degree-of-freedom model incorporating time-
varying sliding friction and realistic mesh stiffness
with tip relief of gears. They showed that the
sliding friction primarily excited the motion along
OLOA direction and tip relief introduced
amplification of the motion and forces along
OLOA direction due to an out of phase relationship
between normal load and friction forces. However,



the effect of different profile modification and
finding the condition of optimum profile
modification for minimum dynamic responses
along LOA and OLOA directions when both static
transmission error and frictional excitation are
present, have not been considered so far. Dynamic
mesh force, bearing force in LOA direction,
bearing force in OLOA direction are considered to
be important factors in the design of spur gear
considering strength, durability and noise. In this
study, an attempt is made to find optimum profile
modification to achieve minimum noise (i.e.
bearing force) and maximum strength of the teeth
(i.e. minimum dynamic mesh force).

II.  MATHEMATICAL MODEL OF THESYSTEM

A multi-degree-of freedom torsional-translational
model is considered in this study. The model is
similar to one already established by He et al. [8].
A few features are introduced in this model,
namely, backlash is added in the equation of
motion, profile modification is added in the static
load sharing model as Tavakoli et al. [9], time-
varying co-efficient of friction, which will be
discussed latter, is introduced at each contact point
along the line of action.

A pair of gears is modeled (Fig.1) using two
disks(1 represents pinion and 2 represents gear)
coupled by a non-linear spring having mesh
stiffness (K, ) and a mesh damping (coeffici€gt
).The mesh stiffness and mesh damping depend on

individual gear pair (of stiffnes¥ (t), K (t) and
damping co-efficientC,(t),C,(t)), as discussed

below. The clearance element due to backlasl (2

) is also introduced in the model. The resilient
elements of supports are described by stiffness co-

efficient Kk, and K, for the pinion and gear

respectively in LOA directionk;, and K, for the

pinion and gear respectively in OLOA direction.
The corresponding damping coefficients are

Cix,Cyy,Cyy ,Cy respectively.  Motions  of  the
system are described by rotational angl9§, and
6, , displacements by and X,in LOA direction

andy,, Y, in OLOA direction of the center of the

disks.
The model takes into account the influence of

torque T, and T,on the pinion and gear shaft,

respectively. A displacement functia&ﬁ3 (t) is also

applied along the direction LOA to model

manufacturing error, assembly error. The effect of
profile modification is provided by the load

distribution model.
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For a low contact ratio (1<CR<2) spur gear pair,
two meshing teeth pairs need to be modeled for the

4

LOA(X)
OLOA(y)

x k2y

Fig. 2. Forces on gear teeth at the starting of a mesh dycle (
=0)

construction of stiffness function. Fig.2 is a
snapshot of the gear system at the starttne0j of
the mesh cycle. At that time, pair #1 (the tooth pair
moving along lineAC) just comes into mesh at
point A and pair #0 (the tooth pair moving along
line CD) is in contact at poinC, which is the
highest point of single tooth contact (HPSTC) of
the pinion. When tooth pair #1 approaches the
lowest point of single tooth contact (LPSTC) at
point B, pair #0 leaves contact at podt BC is the
region of single tooth contact. Further, at the pitch
point P, betweenB and C, the relative sliding
velocity of the pinion with respect to gear will be
reversed, resulting in reversal of friction force. The



contact distance along the line of action is
represented by time. Key timings for the meshing

events arel, t, andtp representing meshing time,

time for contacting at LPSTC of the pinion (point B
in Fig. 2) and time for contacting at the pitch point
(point P) respectively. The timings can be
calculated as

L I T )
QR R R

where Q, is the nominal pinion speel,, is the
base radius of the piniorR, is the base pitchl,,

is the lengthAB (Fig. 2) andL,, is the lengthAP (
Fig. 2). The stiffness function of thie -th meshing

tooth pair k (t) can be calculated from the mesh

t =

m

stiffness function K; (t) for a single tooth pair

rolling through the entire meshing process at any
time instant as,

ki (0) = K¢ [ (1=t + mod(t ) ], i =0,1(2)
where “mod” is the modulus function defined as :
mod(x, y) = x-yfloor (x/y), if y 0.

Here “floor” is the floor function and floox(y)
means the lower integer »fy value.

The mesh damping co-efficie (t) is assumed to
be time-varying and is relatedkqt) by a constant

damping ratioé,,, as follows:

G()=2¢,\k (1), 1=0,1. 3

Here, J, = ‘]1‘]2/(‘]1R52+ J ﬁsz)
and J,,J, are the moment of inertias of pinion and

gear respectively.
The normal forces acting on pinion and gear are

Ny =Ny =K O [ Ry ~R =&, +%,7%,

, , (4)
q'(t)[R)i@_Razgz_fp +X1_X2]
Here Ep is the unloaded static transmission error.

The friction forces are considered to be
proportional to the normal tooth forces, as per

Coulomb friction law. So, |Ff| =|uN|, where y

is the sliding friction coefficient. The direction of
F, is determined from the calculation of the

normal relative sliding velocity. Then, with
reference to Fig. 2, which shows forces acting only
on pinion, the frictional forces on pinion and gear
are,

Foro(t) = Ny (t) -
Fuy = 4N, sgn mod @Rt B) =Ly |
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Faro(t) = 1NL (1) ©)
Fora(t) = 1N, (t) Sgr{ moc(Qszzt B:) “Le

where “sgn” is the sign function. The moment arm
of the friction forces for the pinion and gear of 0-th
and first pair are given by

Pro=La+PB,+mod(Q,R,t ,Pb)} (7)
Pru=Ly+mod QR ,t R)

Do = Ly —mOd(QzRuz IBJ) ' } (8)
Pu =L *R ~mod(Q,R, tR)

where L, is the lengthXA, L. is the lengthYC

,Q, and Q, are the nominal speed of the pinion and
gear respectively andR , is the base radius of the
gear.

A. Equations of motion for six- degree- of-
freedom system

The co-ordinate system is chosen in this model
is such that one of the axeg (axis) is parallel to
LOA as shown in Fig. 1, whilg axis is that to
OLOA direction. The equation of motion of the six
-degree-of-freedom model, shown in Fig. 1, can be
written as,

Jlél +(ko(t)+k1(t)) f (Rolgl_R)Zgz_‘gP +X1_X2) Ra +
(Co(t)+cl(t))(R]191—R]292—£‘p+)'<l—)'(2)R)1+pmuN 16"
PuHN,SNIMOAQR A R, )Ly ET,
(9)
‘]292 _(ko(t) + kl(t)) f (Ralgl - Razgz_gp X - Xz) R
_(Co (t) +C (t))(Ralgl - thg.z _‘ép + X1 - Xz) sz
+P50N o+ 0, uN 2159n[m0szant R ) L F =T,

(10)
mX, + ¢, X + Ky X+ N+ N, =0 (11)
M,X, +Cp X, Ky X+ Nyt N, =0 (12)
my1+clyYI+klyyl_ﬂN 10" (13)
IUNllsgr{ moc(QlRolt Pb) - LAP:| =0
Y, +Cp Yot Ky Y, — 4N
MY, +Cy Y, Ky Y, 20 (14)

_IUNZISgn[ moc(szbzt Pb) - LAP:| =0

The dynamic transmission error (DTE) along LOA
direction is given by

J(t) =R.G-RH,+ %X, (15)
The dynamic bearing forces on pinion shaft in LOA
and OLOA direction respectively are given by
Fle = klx Xl + CJx Xl’
FlBy = k1y yl + Cly S/1' (16)
Similarly, the dynamic bearing forces on gear shaft

and



in LOA and OLOA direction respectively are given
by

TABLE I. PARAMETERS OF SPUR GEAR PAIR
USED FOR MODEL VALIDATION, TAKEN FROM [6]

= + X
Foac =Ko, CZ(X_Z’ Centre distance, mm 366
and Foy = kzyy2+czyy2 ) a7
Tooth surface roughnessjRum 0.8
B. Friction co-efficient model ] ] ]
- - . Lubricant Viscosity at 4%, CP 82
The co-efficient of friction may be time-
varying and time-invariant. For time-varying Variables Pinion | Gear
model, at each contact position of the gears, th ; h 26
load W' (unit load for each contact segment that No. of teet 157
represents a contact point) along the line of contact Module, mm 4 4
is calculated. The friction models require maximum Pressure angle,degree 20 20
Hertzian Pressurd), , radii of curvature, surface Shaft diameter(external),mm 70 90
velocities, component of sliding and rolling
velocities in the direction normal to the contact Shatft length(Brg. To Brg.).m 0.64 0.64
line, slide to roll ratio etc. for each contact point. ~ _ ,
For a pair of gear in mesh, one contact point is %1500 A ~ AR A A R
equivalent to the contact between two virtual CH PN Y AN AN = . 2| kit
cylinders in contact. For double tooth contact load, B gk
sliding velocities, rolling velocities etc. are found °§ 1000 b=
out for each contact position and co-efficient of £ - p=as (0]
friction are found out for each tooth and for every g E ‘ ivoa |- p=as[t]
contact position. Co-efficient of friction also =
depends upon absolute viscosity of lubrication oil, 5
surface roughness. These parameters may be 2 ;
changed to cover various operating conditions for ';)
finding t.he (_affect of bear_ing forces in LOA anc_i M 00 0.005 001 I 00 0025
OLOA directions. Three friction models are used in time t. sec
the present work to find coefficient of friction.
They are: ()
i. Constant co-efficient of friction )
. 1009
model z
ii. Benedict and Kelly model [10] and 5 sod
iii. Xu et al. model [11] ©
3 > — Exp.value
Il RESULT AND DISCUSSION E 9 - p=0.1.
First, the gear system as used by Velex etal. [8] & 44 H=0-
is used here for the study. The basic parameters of ¢ - b=as [10].
this gear pair are listed in Table I. No backlash is  §_jqod wp=as (1]
assumed to exist in the gear system, hence, non- g e <~
linear mesh spring may be considered as linear 1506 s s s s
spring with time-varying mesh stiffness. The 0005 0oL o Qo 00z 0025
combined bearing shaft stiffness bkth andk,,
(b)

for the pinion shaft in the LOA and OLOA
directions are taken to Be4s5x10 N/m, while k2x

andks,, for the gear shaft are as8x 10 N/m. The

damping ratios in each case are taken as 0.005. The

involute profile deviation is taken as less thga 5

m. Both gears have symmetrical linear short tip
relief of 20 m over 20 percent of the active

profile. All the data are taken from [6].

The gear mesh stiffness is calculated as discussed

by Cornell [12]. The damping ratio is taken as 0.1
for the calculation of mesh damping. Using three
friction models, the bearing forces along horizontal
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Fig. 3(a). Bearing forces in horizontal and vertical direction at the
pinion shaft (sftl). Upper curves are for vertical force, lower
curves are for horizontal force. Fig. 3(b). Bearing forces in
horizontal and vertical direction at the gear shaft (sft2). Upper
curves are for horizontal force, lower curves are for vertical
force.

and vertical direction at pinion and gear shaft are
calculated by solving the equations (9) to (14) using
MATLAB and compared with the experimental
results given by Velex et al. [6]. The comparison is
shown in Fig. 3(a) & 3(b) for 200 rpm and in Fig.
4(a) & 4(b) for 500 rpm. The simulation results
capture the trend of experimental results as shown
in Fig. 3 and Fig. 4.



200Q

500

Brg.force(sftl) in hor&vet dir.(N)

0.004 0.006 0.008

time t, sec

(@)

0 0.002 0.01

100Q

500

— Exp.value

Brg.force(sfaft2) in hor.&vet. dir.(N)

Next, basic spur gear pair used by He et al. [8]
was used for the study of the effect of profile
modification, friction and bearing forces. The
design parameters of this pair are listed in Table II.
Here also no backlash is assumed in the gear
system. The combined bearing shaft stiffness both

klx and kly for the pinion shaft in the LOA and
OLOA directions are taken a®.26x 10 N/m,
whilek,, andk,, for the gear shaft are estimated as

the same [8]. The damping ratios for each case are
taken as 0.005.

Static transmission error (STE) curves and static
tooth load sharing curves for unmodified and
modified gear pair are shown in Fig. 5(a) and 5(b),
dynamic transmission error and dynamic mesh force

for unmodified and modified gear tooth are shown

e in Fig. 6(a) and 6(b). The effect of profile
500 — peas 1011 modification on dynamic load at different speed and
—p=asy) load was shown by Lin et al. [13]. The amount of
-100¢ 1
150 0.002 0.004 0.006 0.008 0.01
time t, sec TABLE II. PARAMETERS OF SPUR GEAR PAIR
USED FOR OPTIMISATION TAKEN FROM [8]
(b)
Fig. 4(a). Bearing forces in horizontal and vertical direction at Centre distance, mm 88.9
the pinion shaft (sftl). Upper curves are for vertical force, lower
curves are for horizontal force. Fig. 4(b). Bearing forces in
horizontal and vertical direction at the gear shaft (sft2). Upper Tooth surface roughnesseol?tm 0.1
curves are for horizontal force, lower curves are for vertical
force. Lubricant Viscosity at 4&C,CP 10
go.ozr —— Variables Pinion Gear
I S ‘ . No. of teeth 28 28
5 0018 i Module, mm 25.4/8 | 25.4/8
[ |
2 |
§ 001 —00% mod. Pressure angle,degree 20 20
g — unmodifieg Face width,mm 6.35 | 6.35
0 0.00% ---90% mod. : .
B 75% mod. Outside diameter,mm 9494 9494
173} . . . 120% mod.
0 5 10 15 20 25 i
Angle of rotation(degree) Root diameter,mm 79.73 79.73
Fig. 5(a). STE curve for unmodified and modified gear teeth.
-5
1400 : 3 10
—100% mod 3
1204 — unmaodified 5 oq o
= ---90% mod. =7
£ 1006 75% mod. e
S goQ 120% mod, @ 2
4 ©
= A — s
£ 600 Z 15 unmodified
2 400 = —100% mod.
8 1t ---90% mod.
200+ B - 75% mod.
o | i . ‘ ‘ 120% mod.
0 5 10 15 20 25 0. 1 1.5 2 25 3
Angle of rotation(degree) Normalized time t/tr :
Fig. 5(b). Static normal tooth load curve for unmodified and Fig. 6(a). DTE curve for unmodified and modified gear teeth.

modified gear teeth.
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Fig. 6(b). Dynamic mesh force curve for unmodified and
modified gear teeth.

profile modifications are normalized with respect to
minimum amount of conventional tip relief.
Welbourn stated that the minimum tip relief should
be equal to twice the maximum spacing error plus
the combined tooth deflection evaluated at the
highest point of single tooth contact (HPSTC) [14].

Translation along LOA and OLOA direction
at rotational speed of 5000 rpm of pinion shaft are
shown in Fig. 7(a) and 7(b) for unmodified and
modified gear teeth. Bearing forces in LOA and
OLOA direction at the same rpm are shown in Fig.

-128Q T T T T — unmodified
JRN— 0,
1300 100% mod.
------- 90% mod.
-132¢ 75% mod.
0,
1340 : 120 /o mod.

Bearing force in LOA Dirn.(N)

1364
-138¢+
140G 05 1 15 2 25 3
Normalized time t/tr
(@)
3 —unmodified
—100% mod

N
=

----- 90% mod.
75% mod.
120% modi

5 05 1 15 2 25 3
Normalized time t/tm
(b)

Fig.7. Translation of pinion shaft and bearing (a) in LOA and
(b) in OLOA direction.

=
o

=

Bearing force in OLOA Dirn.(N)

207

5710 : : —[—unmodified
—100% mod|
s I\ T\ 90% mod.
75% mod.

- 120% mod|.

Transl.in LOA Dirn.of pinion S&B(m)
4
(o]

-6pY
-6.1+
1) 0.5 1 15 2 25 3
Normalized time t/tr
()

—unmodified
—100% mod|.

----- 90% mod.

75% mod.
120% mod|.

v
v
!

05 :l\lormaI:le'gd timezt/tr 25 s

(b)

Fig.8. Bearing force of pinion shaft and bearing (a) in LOA and
(b) in OLOA direction.
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8= |
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3

2 3
Mesh Order ,

(b)

Fig. 9. Frequency spectrum of translation (a) in LOA and (b) in
OLOA direction of pinion shaft and bearing of Fig. 7(a) and 7(b).

Ql =5000 rpm, u:0.0SEE,‘p =0, linear tooth tip relief.
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Trans.in LOA Dir.of pinion S&B(f)(m)

1F /N 90% mod|
{> 75% mod
-4 120%mod
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Mesh Order ,n
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£ 10
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& 1 |
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(@]
£07F ]
%]
5 i { e b A
= 0 4 5

2 3
Mesh Order ,n

(b)

Fig. 10. Frequency spectrum of translation (a) in LOA and (b) in
OLOA direction of pinion shaft and bearin@1 =5000 rpm,

=0.035, £p =0, parabolic tooth tip relief.
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Fig. 11. Frequency spectrum of translation (a) in LOA and (b) in

2 3
Mesh Order ,

(b)

OLOA direction of pinion shaft and bearin@1 =3000 rpm,u
=0.035, é‘p =0, linear tooth tip relief.
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Friction Force on gear(N)
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10Q

-10

0.5 1 15 2 25 3
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Fig. 12(a) and 12(b). Dynamic mesh force and friction force on
gears at 5000 rpm of pinion with 75 percent tip relief with
different p values.

Bearing force in LOA Dirn.(N)

-134Q

-134g

-1350

-1355

-136¢5 05 1 15 2 25 3
Normalized time t/tr
(@)
3 . . . .

= N
(@] o

Bearing force in OLOA Dirn.(N)
Q

—p=0.035

0.5 1 15 2 2.5 3
Normalized time t/tr

(b)

Fig. 13. Bearing force (a) in LOA and (b) in OLOA direction at
5000 rpm of pinion with 75 percent tip relief with differgmt
values.



8(@a) and 8(b). From the figure, it is clear that
translation and bearing force along LOA and OLOA
direction are of same nature. Frequency spectrum of
translation motion of Fig. 7 (a) and 7(b) are shown
in Fig. 9(a) and 9(b). From the figure, it is clear that
first harmonic plays predominant role in translation
along the LOA and OLOA direction at 5000 rpm. It
can also be observed that by providing 100 percent
linear modification, the amplitude of the first
harmonic decreases drastically in LOA direction
while it increases along OLOA direction. Providing
75 percent linear modification will result in lower
first harmonic amplitude in LOA as well as OLOA
direction relative to other modifications. The
situation is same for 3000 rpm of the pinion shatft,
as shown in Fig. 11(a) and 11(b). Figure 10(a) and
10(b) show frequency spectra of translation along
LOA and OLOA direction of pinion shaft and
bearing rotating at 5000 rpm when parabolic tip
relief is provided on both the gears. For parabolic
tooth tip relief, the decrease of amplitudes of
harmonics in LOA direction is relatively less and
increase in harmonics in OLOA direction is more,
indicating superiority of the linear tooth tip relief
over parabolic tooth tip relief.

The effect of friction on dynamic mesh force and
friction forces on gear teeth are shown in Fig. 12(a)
and 12(b). The co-efficient of friction values are
taken as 0.001 (approximately no friction), 0.035, as
[10] and as [11]. The dynamic mesh forces are
approximately the same in all cases. Friction forces
are approximately same for Hz, peak to peak value
of bearing forces in LOA direction do not change
much with various Hz, peak to peak value of
bearing forces in LOA direction do not change
much with variousy = 0.035 and as per Benedict et

al. except near the pitch point. Friction force and co-
efficient of friction is minimum with the
consideration of Xu et al. . Surface roughness plays
an important role in co-efficient of friction. Friction
forces change their directions two times in a mesh
cycle. However, change of magnitude of friction
force is drastic at the pitch point. Bearing forces in
LOA and OLOA direction are shown in Fig. 13(a)
and Fig. 13(b) with different co-efficient of friction.
As expected, peak to peak value of bearing force in
LOA direction is maximum and peak to peak value
of bearing force in OLOA direction is minimum for
=0.001. The effect of coefficient of friction on peak
to peak value of bearing force along OLOA
direction is more.

Variation of peak to peak value of bearing forces
along LOA and OLOA direction against mesh
frequency are shown in Fig. 14 and 15 for various
gear tooth modifications. Time-varying friction
forces are calculated as suggested by Benedict and
Kelly. From Fig. 15, it can be observed that bearing
force along OLOA direction (indicating the effect of
friction) at higher speed (say, 2500 Hz) is
insignificant. Peak to peak value of the bearing
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—unmodified 4
100% mod|.
---90% mod. | |
75% mod.
120% mod|.

Bearing force in LOA Dirn.(N)

1000 1500 2000 2500

Frequency(Hert:

0 500

Fig. 14. Peak to peak value of bearing forces in LOA direction
vs. mesh frequency at various tooth modification.

Z 500 —unmodified

IS 100% mod,
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Fig. 15. Peak to peak value of bearing forces in OLOA direction
vs. mesh frequency at various tooth modification.

force along OLOA direction is minimum for
unmodified teeth above 800 Hz. Also bearing force
along OLOA direction is minimum for 75 percent
modification ( among the numerical simulation
done for 75% to 120% maodification) above 800 Hz.
Peak to peak value of bearing forces in LOA
direction is more for 75% modification than other
modifications above 800 Hz. However, above 1600
Hz, peak to peak value of bearing forces in LOA
direction do not change much with various
modifications. Hence, for higher mesh frequency
operation of the gear teeth 75 to 80 percent normal
tip relief may be effective for less bearing force in
LOA as well as OLOA direction and consequently
less noise in the gear system.

This point is clear from specific speed
consideration as shown in Fig. 16(a) and 16(b). At
5000 rpm of the pinion, peak to peak bearing force
in LOA and OLOA direction is minimum for 80
percent modification. For 4000 and 3500 rpm, peak
to peak bearing force in LOA direction is minimum
for 80 percent modification, while peak to peak
bearing force in OLOA direction is minimum for
70 percent modification. However, dynamic mesh
force is the first criterion for the design of spur gear.
For the present case, the gear system running at
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Fig.16(a). Peak to peak bearing force in LOA direction vs.
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the three speeds, maximum dynamic mesh forces
are minimum for a profile modification between 90
to 100 percent as shown in Fig.17. Hence, some
judicial adjustment should be done for profile
modification in consideration with strength,
durability and noise of spur gear system.
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IV. CONCLUSONS

A six-degree-of-freedom torsional-translational
system is considered in this study to find the
bearing forces in LOA and OLOA direction with
unmodified and modified teeth. It is found that
peak to peak value of the bearing forces in OLOA
direction increases after modification at higher
mesh frequencies. For the chosen geared system, it
has been observed that 75 to 80 percent linear tip
modification may be used for optimum
modification considering bearing forces at higher
speed of the gear. However, dynamic force is
minimum for 90 to 100 percent modification. So,
profile modification should be selected according
to the importance of strength, durability and noise
of spur gear.
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