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Abstract

Power transmitters are highly used in many of our
domestic and industrial applications. Due to the rising of
the fuel prices and the increase in energy demand, there
is a continuous demand for higher efficiency gears. The
objective of this work is to present a developed meshing
modeling which enables to instantly calculate the power
losses due to friction phenomenon between spur gear
teeth. The present work gives a better understanding of
how to numerically evaluate the friction power losses in
spur gears and it is a preliminary study to the future work
where the impact of friction and wear phenomena on the
material lifetime and energy consumption will be
discussed.
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1. Introduction

Power transmitters are the mechanical systems or
mechanisms that are used to accommodate the power
according to the needs and they are highly used in many
domestic and industrial applications. Although the latter
offer better performance, the increase in power to be
transmitted at high rotational speeds result in significant
power losses in spur geared transmissions then since
power losses have direct impact on the lifetime of the
power transmitters, they must therefore be taken into
account during the different phases especially when
designing and choosing the materials of the gears. A well
designed mechanical system would enable the user to
avoid breakage of the mechanism due to thermal
expansion and would allow a better design of the cooling
systems.

2. Overview on friction phenomenon
between spur gear teeth.

According to Diab [1], Velex P. and Cahouet, V. [2], the
friction between teeth is one of the major sources of
power dissipation and may also be a source of vibrations
and noises. The friction phenomenon related power
losses are preponderant at low speeds whereas they are
low at high-speed in comparison to the power losses due
to the ventilation phenomenon and to the trapping
phenomenon which was discussed by the authors in [3].
In order to understand the friction phenomenon resulting
from metal-metal in non-lubricated contacts also known
as dry friction, many experiments were conducted. The
total power losses resulting from this phenomenon is
closely linked to the coefficient of friction.

2.1 Empirical laws of friction
Some authors have established the friction laws in order
to estimate the friction coefficient as a function of
geometric and operating parameters. In table 1 below,
the friction laws used in this study are presented.
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Tablel: Empirical laws of friction used to determine the
coefficient of friction.

Where S;sand S, are the surface roughness parameters
in um defined as Syys=1.25 Sgja, v and vy respectively the
dynamic viscosity in centipoise (cPo) and cinematic
viscosity in centistokes (cSt), Vr and Vs respectively the
rolling and sliding velocities in (m/s), P, the maximum
pressure of Hertz in pascal (Pa), R the effective radius of
curvature in meters (m) and SR the slide to roll ratio
defined as the ratio between the sliding velocity and the
rolling velocity.

2.2 Experimental law of friction

To establish a friction law that takes into account several
meshing factors including lubrication, material type and
surface roughness, the authors H.Xu, A. Kahraman, N.
Anderson and D. Maddock [8] considered the contact
between teeth as an elastohydrodynamic (EHD) contact
because the latter is characterized by low contact areas,
significant surface deformation, high contact pressure
and the presence of the oil film between the contacting
asperities. They came to the following friction law:

n= ef(SR'&‘UD)Pth ‘SR‘% V:EUONRDB
Where:

f (SR, P,,0,) =b, +b,|SR| P, logy, (1) +bye 1) 4 p es
Ve is the entraining velocity in m/s and the constants bi
are given as:

bi = -8.916465; 1.03303; 1.036077; -0.354068 ;
2.812084 ; -0.100601 ; 0.752755 ; -0.390958 ; 0.620305
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fori=1to0.

3. Modeling of meshing and friction power

losses calculation

Since the friction power losses depend on the friction
coefficient a comparative study of friction laws was
carried out in [9] which allowed us to chose the
experimental friction law because it takes into account
all contact parameters and by using the documentation
on spur gears cited in [10], we established a numerical
modeling which allows us to know the evolution of
different meshing parameters along the line of action. In
this present work we used the geometric data given in the
table 2 below :

Parameter Value
Number of teeth (Pinion) 50
Number of teeth (Wheel) 50
Module (mm) 1
Tooth width (mm) 20
Viscosity (cSt) 60
Pressure angle (degrees) 20
Surface roughness parameter S (um) 0.07
Effective radius of curvature R (mm) 5
Maximum pressure of Hertz Py, (Gpa) 2
Torque (Nm) 16
Rotational speed (rpm) 1500

Table 2. Geometric data

4. Sliding power losses

The instantaneous power losses due to the sliding
between spur gear teeth are calculated by the product of
the frictional coefficient () by the sliding speed (V) and
the normal load (Fy).

R (%) = Fy ()V; 0Qu(x)

4.1 Sliding velocity
In spur geared transmissions, the sliding velocity is
defined in [11] as follow:

V. (x) =o.1o47(1+%) N(x-x,)

Where: i is the transmission ratio and N the pinion
rotational speed.
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Fig. 1.Variation of the sliding velocity along the line of
action.

the maximum value of the sliding velocity is found at the
starting and ending points of meshing while its minimum
value is obtained at the pitch point.

4.2 Sliding power losses

The calculated instantaneous sliding power losses is
plotted on figure 2 below :
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Fig. 2.Variation of the power losses along the
line of action
As obtained in [12], the instantaneous power loss curve
shows the minimum value of the sliding power losses at
the pitch point which results in the increase of the load
and the decrease of the coefficient of friction and the
sliding velocity in that area.

5. Rolling power losses

The instantaneous power losses due to the rolling
between spur gear teeth is obtained by the product the
thermal reduction factor (e¢(x)) given in [1], by the tooth
width (b), by the lubricant film thickness (h(x)) and by
the rolling velocity (Vr).

P (X) =9x10"bh(X)¢, (X)Vr(X)

5.1 Rolling velocity

In [13], the rolling velocity is defined as:
(i—-D(x—x,)
d

V, (x) =0.1047Nd, [sin(e) -
Where, i is the transmission ratio, N the pinion rotational
speed (rpm), dp the pitch diameter of the pinion (mm),

0 the pressure angle (degree), x the meshing position
(mm) and x, the pitch point position (mm).
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Fig. 3.Variation of the rolling velocity along the line of
action.
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The rolling velocity has a constant value which is
justified by the fact that in this study the transmission
ratio is equal to 1 because the pinion has the same
number of teeth as the gear.

5.2 Rolling power losses

The calculated instantaneous rolling power losses is
plotted in figure 3 below:
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Fig. 4.Variation of the rolling power loss along the line of
action

We remark an abrupt drop in the rolling power losses
observed around the pitch point due to the increase in the
load in that region

6. Total power losses due to friction

phenomenon
At any given meshing point, the instantaneous total
power losses related to the friction phenomenon between
spur gear teeth is obtained by summing the sliding power
losses (Ps) and the rolling power losses (P,) at that point.
RX)=R()+R(X)

Where: P (X) =9x10"bh(X)¢ (X)Vr(x) and
R.(X) = R (x)u(x)Vs(x)

The total power losses will be discussed in our future
work and the effect of different operating and geometric
parameters on the latter will be taken into consideration.

7. Conclusion

In this study an analytical study on instantaneous sliding
power loss in spur geared transmissions was carried out.
A numerical model that takes into account different gear
parameters in the contact was developed. It allows the
user to instantaneously know the sliding and the rolling
power losses at every meshing position along the line of
action, in order to evaluate the average total power
losses; a numerical integration will be used in our future
work by aiming to study the impact of the friction and
wear phenomena to gear material lifetime and energy
consumption.
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