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ABSTRACT

This information sheet utilizes an analytical heat balance model to provide a means of calculating the thermal
transmittable power of a single- or multiple-stage gear drive lubricated with mineral oil. The calculation is
based on standard conditions of 25° C maximum ambient temperature and 95° C maximum oil sump tempera-
ture in a large indoor space, but provides modifiers for other conditions.
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Foreword

[The foreword, footnotes and annexes, if any, in this document are provided for
informational purposes only and are not to be construed as a part of AGMA ISO 14179-1,
Gear Reducers - Thermal Capacity based on ISO/TR 14179-1.]

This thermal rating method was the American proposal to ISO/TR 14179. It utilizes an
analytical heat balance model to calculate the thermal transmittable power for a single or
multiple stage gear drive lubricated with mineral oil. Many of the factors in the analytical
model can trace their roots to published works of various authors. The procedure is based
on the calculation method presented in AGMA Technical Paper 96FTM9 by A.E. Phillips [1].
The bearing losses are calculated from catalogue information supplied by bearing
manufacturers, which in turn can be traced to the work of Palmgren. The gear windage and
churning loss formulations originally appeared in work presented by Dudley, and have been
modified to account for the effects of changes in lubricant viscosity and amount of gear
submergence. The gear load losses are derived from the early investigators of rolling and
sliding friction who approximated gear tooth action by means of disk testers. The
coefficients in the load loss equation were then developed from a multiple parameter
regression analysis of experimental data from a large population of tests in typical industrial
gear drives. These gear drives were subjected to testing which varied operating conditions
over a wide range. Operating condition parameters in the test matrix included speed,
power, direction of rotation and amount of lubricant. The formulation has been verified by
cross checking predicted results to experimental data for various gear drive configurations
from several manufacturers.

AGMA SO 14179-1 is not identical to ISO/TR 14179-1:2001, Gears - Thermal capacity -
Part 1: Rating gear drives with thermal equilibrium at 95 °C sump temperature. Differences
in this information sheet include:

- Intable 2, the second equation for P4 for spherical roller bearings was changed to
correctly indicate the condition (F\/F,) = Yo;

- Text and a figure were added to clause 6 to assist in illustrating Method A testing;

- Text and a figure were added to 7.1 to assist in illustrating the thermal calculation
procedure;

- . Figures A.1 and A.2 were revised to accurately reflect dimensions shown;
- An annex was added to provide example calculations.

Thefirstdraft of AGMAISO 14179-1 was made in December, 2002. It was approved by the
AGMA membership in March, 2004

Suggestions for improvement of this standard will be welcome. They should be sent to the
American Gear Manufacturers Association, 500 Montgomery Street, Suite 350, Alexandria,
Virginia 22314.
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AMERICAN GEAR MANUFACTURERS ASSOCIATION

AGMA ISO 14179-1

American Gear Manufacturers
Association -

Gear Reducers -
Thermal Capacity Based
on ISO/TR 14179-1

1 Scope

This information sheet utilizes an analytical heat
balance model to provide a means of calculating the
thermal transmittable power of a single- or multiple-
stage gear drive lubricated with mineral oil. The
calculation is based on standard conditions of 25° C
maximum ambienttemperature and 95° C maximum

oil sump temperature in a large indoor space, but
provides modifiers for other conditions.

2 Symbols and units, term and definitions

For the purposes of this information sheet, the
symbols and units given in table 1, and the following
terms and definitions, apply.

2.1 Thermal rating

Thermal rating is the maximum power that can be
continuously transmitted through a gear drive with-
out exceeding a specified oil sump temperature.

NOTE: Thermal rating must equal or exceed the actual
service transmitted power.

NOTE: Service factors are not used when determining
thermal requirements.

NOTE: The magnitude of the thermal rating depends
upon the specifics of the drive, operating conditions,
maximum allowable sump temperature, as well as the
type of cooling employed.

Table 1 - Symbols and units

Copyright American Gear Manufacturers Association
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Symbol Definition Units Where Reference
first used
A Load modifying exponent - - Eq9 Table 3
Ag Gear case surface area exposed to ambient air m2 Eq 33 7.12
Ag Arrangement constant for gearing - - Eq 22 7.9
B Diameter modifying exponent - - Eq. 9 Table 3
Ba Altitude modifier -- Eq. 34 Table 10
Bp Operation time modifier -- Eq. 34 Table 12
Biet Ambient temperature modifier - - Eq. 34 Table 8
Bt Allowable sump temperature modifier - - Eq. 34 Table 11
By Ambient air velocity modifier - - Eq. 34 Table 9
by Face width in contact with mating element mm Eq. 19 7.4
Co Basic static load rating N -- Table 2
Cq Mesh coefficient of friction constant - - Eq 18 7.4
D OD of element for gearing, windage and churning mm Eq 22 7.9
DoR Bearing diameter over rolling elements mm Eq 27 Figure 5
Dg Shaft diameter mm -- Figure 4
d Bearing bore diameter mm Eq 10 7.3.1
dm Bearing mean diameter mm Eq9 7.3.1
do Bearing outside diameter mm Eq 10 7.3.1
Ep Electric power consumed kW Eq 32 7.11
(continued)
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Table 1 (continued)

Symbol Definition Units Where Reference
first used
em Electric motor efficiency - - Eq 32 7.11
ep Oil pump efficiency - - Eq 31 7.11
F Total face width of gear or pinion mm Eq 24 7.9
F, Bearing axial load component N Eq12 7.3.2
F, Bearing radial load component N - - Table 2
fq Gear dip factor - - Eq 22 7.9
fm Mesh coefficient of friction -- Eq 13 7.4
fo Bearing dip factor - - Eq 25 Table 5
f1 Coefficient of friction for bearings - - Eq9 Table 2
fo Cylindrical roller bearing factor - - Eq12 Table 4
f3 Bearing seal factor - - Eq 28 Table 6
fa Bearing seal factor - - Eq 28 Table 6
g Load intensity modifying exponent -- Eq 18 7.4
H Depth that bearing rolling element dips in oil mm Eq 27 Figure 5
Hg Sliding ratio at start of approach -- Eq 14 7.4
H; Sliding ratio at end of recess -- Eq 14 7.4
h Pitch line velocity modifying exponent - - Eq 18 7.4
j Viscosity modifying exponent -- Eq 18 7.4
K Load intensity (K-factor) N/mm2 |Eq 18 7.4
Ky External axial force N -- 7.3.3
k Heat transfer coefficient kW/(m?2 °C) | Eq 33 7.12
L Length of element for gearing, windage and churning mm Eq 22 7.9
M Mesh mechanical advantage -- Eq 13 7.4
My No-load frictional moment of bearings Nm Eq 25 7.10
My Bearing load dependent torque Nm Eq9 7.3.1
M> Cylindrical roller bearing axial load dependent moment Nm Eq 11 7.3.2
M3 Frictional moment of bearing seal Nm Eq 28 710
my Transverse tooth module -- Eq 21 7.9
n Rotational shaft speed rpm Eq 11 7.3.1
nq Pinion rotational speed rom Eq 13 7.4
Pp Transmitted power kW Eq3 7.1
Pg Total bearing losses, all bearings kW Eq7 7.2
Ppg; Individual bearing load power loss kW Eq 11 7.3.1
Pgwi Individual gear windage and churning loss kW Eq 22 7.9
P Load dependent losses kW Eq2 7.2
Py Total gear mesh losses, all meshes kW Eq7 7.2
P Individual loaded mesh power loss kW Eq 13 7.4
Py Non-load dependent losses kW Eq2 7.2
Pp Total oil pump power required, all pumps kW Eq8 7.11
Ppm Motor driven oil pump power kW Eq 30 7.11
Ppg Shaft driven oil pump power kW Eq 30 7.11
Pq Heat dissipated kW Eq 1 712
Ps Total oil seal losses, all seals kW Eq8 7.8
Pg; Individual oil seal power loss kW Eq 20 7.8
(continued)
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Table 1 (concluded)

Symbol Definition Units Where Reference
first used

Pt Basic thermal power rating kW Eq6 7.1

PTHm Adjusted thermal power rating kW Eq 34 8

Py Heat generated kW Eq 1 7.1

Py Total combined windage and churning losses of all kW Eq8 7.9
meshes

Pwg Bearing oil churning losses, all bearings kW Eq8 7.10

Pwai Individual bearing churning power loss kW Eq 29 710

Py Equivalent static bearing load N -- Table 2

P Bearing dynamic load N Eq9 Table 2

p Operating oil pressure N/mm2 | Eq 31 7.11

[0) Oil flow [/min Eq 31 7.11

R¢ Roughness factor for gear teeth - - Eq 21 7.9

o1 Pinion outside radius mm Eq 16 7.4

Fo2 Gear outside radius mm Eq 15 7.4

r'wi Pinion operating pitch radius mm Eq 16 7.4

rwo Gear operating pitch radius mm Eq 15 7.4

T Ambient temperature °C -- Figure 1

Ts Oil seal torque Nm Eq 20 Figure 4

Tss Steady-state sump temperature °C -- Figure 1

T4 Torque on the pinion Nm Eq 13 7.4

u Gear ratio -- Eq 15 7.4

Vv Pitch line velocity m/s Eq 18 7.4

Vs Sliding velocity at mean worm diameter m/s -- 7.6

Wi Tangential tooth load on worm gear N - - 7.6

Y, Yo Bearing factors -- -- Table 2

Z1 Number of pinion teeth - - Eq 17 7.4

Zo Number of gear teeth - - Eq17 7.4

Oy Operating transverse pressure angle degrees degrees |[Eq 14 7.4

B Generated helix angle degrees degrees |Eq24 7.9

Bw Operating helix angle at operating pitch diameter degrees |[Eq13 7.4
degrees

AT Temperature differential °C Eq 33 7.12

ATss Steady-state oil sump termpature rise °C - - Figure 1

K Viscosity ratio - - - - 7.3.2

n Efficiency % Eq5 7.1

u Coefficient of friction for worm gears -- -- 7.6

v Kinematic viscosity of the oil at operating temperature cSt Eq 18 7.4

3 Rating criteria

Maintaining an acceptable temperature in the oil
sump of a gear drive is critical to its life. Therefore, in
the selection of a gear drive, not only the mechanical
rating but also the thermal rating must be consid-
ered.

The primary thermal rating criterion is the maximum
allowable oil sump temperature. Unacceptably high
oil sump temperatures influence gear drive opera-
tion by increasing the oxidation rate of the oil and
decreasing its viscosity. Reduced viscosity trans-
lates into reduced oil film thickness on the gear teeth
and bearing contacting surfaces, and may reduce
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the life of these elements. To achieve the required
life and performance of a gear drive, operating oil
sump temperatures must be evaluated and limited.

Thermal ratings of gear drives rated by this method
are limited to a maximum allowable oil sump
temperature of 95° C. However, based on the gear
manufacturer’s experience or the application re-
quirements, selection can be made for oil sump
temperatures above or below 95° C (see clause 8).

Additional criteria that must be applied in establish-
ing the thermal rating for a specific gear drive with a
given type of cooling are related to the operating
conditions of the drive. The basic thermal rating, P,
is established by test (Method A) or by calculation
(Method B) under the following conditions:

- oil sump temperature at 95° C;
- ambient air temperature of 25° C;

- ambientair velocity ofless than orequalto 1.4
m/s in a large indoor space;

- air density at sea level;
- continuous operation.

Modifying factors for deviation from these criteria are
given in clause 8.

4 Service conditions

4.1 Intermittent service

For intermittent service, the input power may exceed
the manufacturer’s thermal power rating, provided
the oil sump temperature does not exceed 95° C.
See clause 8.

4.2 Adverse conditions

The ability of a gear drive to operate within its thermal
power rating may be reduced when adverse condi-
. tions exist. Some examples of adverse environmen-
- tal conditions are:

- an enclosed space;

- build-up of material that may cover the gear
drive and reduce heat dissipation;

- high ambient temperature, such as boiler or
turbine rooms, or in conjunction with hot process-
ing equipment;

- high altitudes;

- presence of solar energy or radiant heat.

AMERICAN GEAR MANUFACTURERS ASSOCIATION

4.3 Favorable conditions

The thermal power rating may be enhanced when
operating conditions include increased air move-
ment or a low ambient temperature.

4.4 Auxiliary cooling

Auxiliary cooling should be used when the thermal
rating is insufficient for operating conditions. Oil can
be cooled by a number of means, such as:

- fan cooling, in which case the fan shall main-
tain the fan cooled thermal power rating;

- heat exchanger, which when used shall be
capable of absorbing generated heat that cannot
be dissipated by the gear drive by convection and
radiation.

5 Methods for determining the thermal
rating

Thermal rating may be determined by one of two
methods: method A, testing, or method B,
calculation.

Method A, a test of full scale gear drives at operating
conditions, is the most accurate means of establish-
ing the thermal rating of the gear drive. See clause 6.

When method B is used, the thermal rating of a gear
drive can be calculated using the heat balance
equation, which equates heat generated with heat
dissipated. See clause 7 (the means of calculating
heat generation is discussed in 7.2 to 7.11, and for
heat dissipation, in 7.12).

6 Method A - Test

Testing a specific gear drive at its design operating
conditions is the most reliable means of establishing
thethermal rating. Thermal testing involves measur-
ing the steady-state bulk oil sump temperature ofthe
gear drive operating at its rated speed at no-load
and at least one or two increments of load. Prefer-
ably, one test should be at 95° C sump temperature.

While no-load testing cannotyield athermal rating, it
may be used to approximate the heat transfer
coefficient for comparison purposes, provided the
power required to operate the drive at no-load is
measured.

The following are some guidelines for acceptable
thermal testing.
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