TECHNICAL ISO/TR
REPORT 14179-1

First edition
2001-##-##

Gears —

Part 1:
Thermal rating

Engrenages —

Partie 1: Capacité thermique

PROOF/EPREUVE

Reference number
_/@\_ ISO/TR 14179-1:2001(E)

ISO:

"\@/_

© 1N 20nN4

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 14179-1:2001(E)

PDF disclaimer

This' PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but shall not
be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In downloading this
file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat accepts no liability in this
area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation parameters
were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In the unlikely event
that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© 150 2001

All rights rgserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means, electronic
or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or I1SO's me.mber body
in the country of the requester.

ISO copyright office

Case postale 56 CH-1211 Geneva 20

Tel. +41 2274901 11

Fax + 4122749 09 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

.
. P
n :
PROOF/EPREUVE © 1SO 2001 - All rights reserved
Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 14179-1:2001(E)

Contents ‘ Page
FOTEWONT.ceenveeeseeeessesssessssesssesessasssessasessasessasassassesanessssessssasessesasssastassstasassssesstsssssesestsesessssssasassescrstansstessasassarstasssnssnsesss iv
INtrodUCHION ..cciciecmerrccemrrtncnse e sess e sensessessnanenes teesaseresssansressestrenasetianaraasanteiasseRaResiasaaRs et isseNss e eraesisan et raantis v
1 STt e o1 ORI T SR SR SR SRR 1
2 SYMDOIS AN UNIES ...c..coueiiirirerienitisesesessnsssessessesssssssonsassststs st s s st s st s s e s s e s e s s e s n e s sat SRR S ba 00 1
3 T p Yot T+ - T O TOPD APPSR S SRS 4
3.1 GIBNEIAL . c.cceieceeremreeereesiseressstesesassansssrensrresssssossesstst rasaassasnsntsas rerssasnstesssssenranstnessersnssessssssasttstiessasssansatesssesananss 4
3.2 2 E Ve Y 1 L1 - U TR R SRR 4
4 SErVICE CONILIONS ....ccrieiivecceeeereeiiesseteansnrirerssssessmssranirsssssestonsrenmasssssneresssssssssnsnantenssesssssssrmnarenssesessansaasssssasanas 5
4.1 INTEIMIEENT SEIVICE..ciiiiivivrrererecsriesssteantieresssessnnmestremisasssasstessressassensenessssssansnerasssioseassssssnsnnnsnsserssanssstssasasanens 5
42 AdVErse CONAITIONS ....cciivireirrrsnrerieriisscssensunnreersssssssessassresissassssnstestesssnssstsinesssassasanuannsssstosssssanssasestssssonnantnssess 5
4.3 Favourable CONItIONS .....cccccrecerriceiiinernrcnersssrmsssarsssentassnssssrmssstsssanssssressnsssssnnsssastssssasnssnaessnssssnsssssnsssanssanees 5
4.4 Auxiliary cooling ....c.ccoeeeivvmmisimnisniccnressaninssnsesasnas erreesesstessisseressenetiresaEcasesaREiIRYaRSSIEteseINITeNeRRRESeserttianntserennt 5
5 Methods for determining the thermal rating ......cc.cccceiicviniiiiinininiiniiinieiccce et 6
6 Method A — Test eeeeeetuoeeeaeeeeaeees e ee e resesaseea SRS SRR R SRR SRR e SRR R R SRR ersenemrsestiesessresnernenanens 6
7 Method B — Calculations for determining the thermal power rating, Pr...cccocoviiciisnnnnnicisnininnisnien. 6
71 GIBNBIAL.cciereieiveererrenneerereeiesvssssnastietaressssnsstessassesssssessmestanssesssssnnnastisenssensss 1aaeasssersesasastennesssessssssontnensssestonannransses 6
7.2 Heat generatioN....c..ccvevciciicciiiinietesmrnesetiisss e snsress it s e r s s st se s s s sansssssnassmasnsssaresnsasnesenesanansensntssansonnassnat s 7
7.3 Bearing POWEr 10SS, PR..creiririnrrriniiainniresns st isneseesss st nstnasess it sansssssne st s n s n e sssa st samsasessnssasusssnssnesansanss 7
7.4 Mesh power loss, P),, spur and helical gears.........c.cccvniernrvnisicrcnsssensscriessnanas ceresmemsttiresassnsnnraniasees 1
7.5 Mesh power 10Ss, Py, DEVEI GBATS ...ttt eses s e e s sn e 14
7.6 Mesh power loss, P\, cylindrical WOrm gears ..........c.ciivrvienincnersecsnesncnssnninennnsienesessessssasssssesassnssanas 14
7.7 Mesh power loss, P),, double enveloping worm gears...........ccoceeverecsrcrnseserencenenneas eeserencstsereressnnrnrssassans 14
7.8 Oil SEAI POWEK L0SS, Py curueertitirnrnerersstrrnamsarssssesssesesisasssts s sasstsnsas e sa st st snese st sesassensesssnssssssesssasassesssnsnssssnaens 14
7.9 Gear windage and churning POWer 0SS, Py e iiiicierrintnsesssenneratssinssessnnssessanesessmsissssssessssssssesaneseses 15
7.10 Bearing windage and churning power 0SS, Pyyg «.cccuierrmiismisniiinsemssisssasissvonsmssesssmssssssnsssssssansessassanes 16
711  Oil pUMP POWEF [0SS, Pp cocereeecrriresstcnninnisessnrsseresssstssmssnanssnissnesssssasassasasasanssssssssssssssasssssinesarsnss st asaasananase 19
7.12  Heat disSipation, P iieininrinnssticennansssessiseninisersssesssansassssssenesnssnssasss sasessesnnansanssassnesesnnssssnssnsnesases .20
8 Modifications for non-standard operating conditions..........coocveviiriiinnciisinnnc s erceresreserasssensenenes 21
Annex A (informative) Bevel gear mesh and gear windage pOWer 10SSES .......ccivicrissirirscctcscnenssnessnesesnsssansnses 24
Annex B (informative) Worm gear Mesh POWET IOSSES ...cciiieiieiiiccemmiirieisnsenssrresssimrisessssnrarssasssssasasssassensessessases 28
LT oY T T o 1) YOO SR 30
©1SO 2001 - All rights reserved PROOF/EPREUVE : i

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 14179-1:2001(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and .non-governmental, in
liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

The main task of technical committees is to prepare International Standards. Draft International Standards adopted
by the technical committees are circulated to the member bodies for voting. Publication as an International
Standard requires approval by at least 75 % of the member bodies casting a vote.

In exceptional circumstances, when a technical committee has collected data of a different kind from that which is
normally published as an International Standard (“state of the art”, for example), it may decide by a simple majority
vote of its participating members to publish a Technical Report. A Technical Report is entirely informative in nature
and does not have to be reviewed until the data it provides are considered to be no longer valid or useful.

Attention is drawn to the possibility that some of the elements of this part of ISO/TR 14179 may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO/TR 14179-1 was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 2, Gear capacity
calculation.

ISO/TR 14179 consists of the following parts, under the general title Gears:
— Part 1: Thermal rating

— Part 2: Thermal load-carrying capacity
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Introduction

ISO/TR 14179 consists of two parts.

This part of ISO/TR 14179 is the American proposal. 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 (American Gear Manufacturers Association)
Technical Paper 96FTM9[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 eftects 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.

ISO/TR 14179-2 is based on a German proposal whereby the thermal equilibrium between power loss and
dissipated heat is calculated. From this equilibrium, the expected gear oil sump temperature tor a given transmitted
power, as well as the maximum transmittable power for a given maximum oil sump temperature, can be calculated.
For spray lubrication, it is also possible to calculate the amount of external cooling necessary for maintaining a
given oil inlet temperature. The calculation is an iterative method.

The power loss of cylindrical, bevel and hypoid and worm gears can be calculated according to theoretical and
experimental investigations into those different gear types undertaken at the Technical University in Munich. The
load dependent gear power loss results in the calculation of the coefficient of mesh friction. The influence of the
main parameters of load, speed, viscosity and surface roughness on the coefficient of friction were measured
individuaily in twin disk tests and verified in gear experiments. The same equations for the coefficient of friction are
used in ISO/TR 13389 for the calculation of the scuffing load capacity of gears, and are used in German standard
methods for the calculation of the relevant temperature for oil film thickness to evaluate the risk of wear and
micropitting. The no-load power loss of gears is derived from systematic experiments with various parameters from
published research projects. The power loss calculation of the anti-friction bearings was taken from the expenence
of the bearing manufacturers, as published in their most recent catalogues.

The equations for heat dissipation are based on theoretical considerations combined with experimentai
investigations on model gear cases using different gear wall configurations in natural and forced convection.
Radiation from the housing is based on the Stefan-Boltzman law, with measured values of the relative radiation
coefficient measured for different surface finish and coatings of the gear case surface. Also included are equations
for the calculation of the heat transfer from rotating parts and to the foundation. The results were verified with heat
dissipation measurements in practical gear drives. A computer programme, “WAEPRO", with the proposed thermal
calculation method, was developed within a research project of the FVA (Forschungsvereinigung Antriebstechnik
e.V., Frankfurt) and is widely used in the German gear industry.
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Gears —

Pani:
Thermal rating

1 Scope

This part of ISO/TR 14179 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 temperature in a large

indoor space, but provides modifiers for other conditions.

2 Symbols and units

For the purposes of this part of ISO TR 14179, the symbols and units given in Table 1 apply.

Table 1 — Symbols and units

Symbol Meaning Units filY::‘ 3:: d Reference
Ac Gear case surface area exposed to ambient air m?2 Eq. (35) 7.11
Ag Arrangement constant for gearing — Eq. (24) 7.8

a Load modifying exponent - Eq. (9) Table 3
B, |Altitude modifier — Eq. (36) | Table 10
Bp Operating time modifier —_ Eq. (36) Table 12
Bies Ambient temperature modifier — Eq. (36) Table 8
Bt Sump temperature modifier — Eq. (36) Table 11
By Ambient air velocity modifier - Eq. (36) Table 9

b Diameter modifying exponent — Eg. (9) Table 3
by, Face width in contact with mating element mm Eq. (21) 7.3
Co Basic static load rating N - Table 2
C, Mesh coefficient of friction constant —_ Eq. (20) 7.3 |
D OD of element for gearing windage and churning mm Eq. (24) 7.8
DoR Bearing diameter over rolling elements mm Eq. (29) Figure 3
Dy Shaft diameter mm — Figure 2

d, Bearing bore diameter mm Eq. (10) 7.2
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Table 1 (continued)

Symbol ' Meaning Units ﬁ:’:th 3;: o | Reference
dm Bearing mean diameter mm Eq. (9) 7.2
d Bearing outside diameter mm Eq. (10) 7.2

- Ep Electric power consumed kW Eq. (34) 7.10
e Bearing factor — Eq.(13) | 722
em Electric motor efficiency — Eg. (34) 7.10
e Oil pump efficiency — Eq. (33) 7.10
F Total face width of gear or pinion mm Eq. (26) 7.8
Fy Bearing axial load component N Eq. (12) 7.2
F, Bearing radial load component N Eqg. (13) 7.2.2
fq Gear dip factor — Eg. (24) 7.8
f Mesh coefficient of friction — Eq. (15) | Eg.(20)
fo Bearing dip factor — Eq. (27) Table 5
f1 Coefficient of friction for bearings — Eqg. (9) Table 2
fo Cylindrical roller bearing factor — Eq. (12) Table 4
fa Bearing seal factor — Eq. (30) Table 6
fa Bearing seal factor — Eq. (30) | Table6
g Load intensity modifying exponent — Eq. (20) 7.4
Depth that bearing rolling element dips in oil mm Eq. (29) Figure 3
Hg Sliding ratio at start of approach — Eq. (16) Eq. (17)
H, Sliding ratio at end of recess — Eqg. (16) Eq. (18)
h Pitch line velocity modifying exponent — Eq. (20) 7.4
J Viscosity modifying exponent — Eq. (20) 7.4
K Load intensity : N/mm? Eq. (20) | Eg.(21)
K, External axial force N — 7.3.3
k Heat transfer coefficient kW/(m?2 °Cj Eq. (35) Table 7
L Length of element for gearing windage and churning mm Eq. (24) 7.9
Mesh mechanical advantage — Eq. (15) Eq. (16)
My No-load torque moment for bearings N-m Eq. (27) 7.10
My Bearing load dependent torque N-m Eq. (9) 7.3
My Cylindrical roller bearing axial load dependent moment N-m Eq. (11) 7.3.2
Mg Frictional moment of bearing seal N-m Eq. (30) 7.10
my Transverse tooth module — Eq. (23) 7.9
n Rotational shaft speed | pm Eq. (11) 7.3
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Table 1 (continued)

Symbol Meaning Units fix:‘:;ee d Reference
ny Pinion rotational speed rpm Eq. (15) 7.4
P Bearing load N Eq.‘ (13) 7.3.3
Pa Transmitted power kW Eq. (3) 7
Pg Total bearing losses (all bearings) kW Eq. (7) 7.2
Ppg; Individual bearing load power loss kW Eq. (11) 7.3
Pawi Individual gear windage and churning loss kW Eq. (24) 7.9
P Load dependent losses kW Eq. (2) Eq. (3)
Py Total gear mesh losses (all meshes) kW Eq. (7) 7.4
Py - |Individual loaded mesh power loss kW Eq. (15) 7.4
Py Non-load dependent losses kW Eq. (2) Eq. (8)
Pp Total oil pump power required (all pumps) : kW Eq. (8) 7.1
Ppm Motor driven oil pump power kw . Eq. (32) Eq. (34)
Ppg Shaft driven oil pump power kw Eq. (32) Eq. (33)
Pq Heat dissipated _ KW Eq. (1) 7.12
Pq Total oil seal losses (all seals) kW Eq. (8) 7.8
Pg; individual oil seal power loss kw Eq. (22) 7.8
Pr Basic thermal power rating - kW Eq.6) |~ 7
Prym | Adjusted thermal power rating kw Eq. (36) 8
Py Heat generated kW Eq. (1) Eq. (2)
Py Total combined windage and churning losses (of all meshes) kW Eq. (8) 7.9
Pwe Oil churning losses, bearings (all bearings) kw Eq. (8) 7.10
Pyei Individual bearing churning power loss kw Eq. (31) 7.10
Py Equivalent static bearing load N — Table 2
Py Bearing dynamic load N Eq. (9) Table 2
p Operating oil pressure N/mm? Eq. (33) 7.11
QOil flow I/min Eq. (33) 7.11
R; Roughness factor for gear teeth — Eq. (23) 7.9
To1 Pinion outside radius mm Eq. (18) 7.4
Fop Gear outside radius mm Eq. (17) 7.4
'wi Pinion operating pitch radius mm Eq. (18) 7.4
I'wo Gear operating pitch radius mm Eq. (17) 7.4
Tg Qil seal torque : N-m Eq. (22) Figure 2
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Table 1 (continued)

Symbol Meaning Units ﬁ,Y:th::: d Reference
T, Torque on the pinion N-m Eg. (15) 7.4
u Gear ratio —_— Eq. (17) 7.4
|4 Pitch line velocity m/s Eq. (20) 7.4
Vg Sliding velocity at mean worm diameter m/s — 7.6
W, Tangential tooth load on worm gear N - 7.6

Y, Yo Bearing factors — Eq. (14) 7.3.3
4 Number of pinion teeth — Eq. (19) 7.4
2 Number of gear teeth —_ Eq. (19) 7.4

Operating transverse pressure angle degrees Eq. (16) 7.4

B Generated helix angle degrees Eq. (26) 7.9
B Operating helix angle at operating pitch diameter degrees Eq. (15) 7.4
AT Temperature differential °C Eq. (35) 7.12
K Viscosity ratio —_ — 7.3.2

n Efficiency % Eq. (5) 7

7 Coefficient of friction for worm gears — — 7.6
v Kinematic viscosity of the oil at operating temperature cSt Eqg. (20) 7.4

3 Principle
3.1 General

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 considered.

Thermal rating is defined as the maximum power that can be continuously transmitted through a gear drive without
exceeding a specified oil sump temperature. The thermal rating must equal or exceed the actual service
transmitted power. Service factors are not used when determining thermal requirements. The magnitude of the
thermal rating depends upon the specifics of the drive, operating conditions and the maximum allowable sump
temperature, as well as the type of cooling employed.

3.2 Rating criteria

The primary thermal rating criterion is the maximum allowable oil sump temperature. Unacceptably high oil sump
temperatures influence gear drive operation by increasing the oxidation rate of the oil and decreasing its viscosity.
Reduced viscosity translates into reduced oil film thickness on the gear teeth and bearing contacting surfaces and
may reduce the life of these elements. To achieve the required life and performance of a gear drive, the 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 application requirements, selection can be made
for oil sump temperatures above or below 95 °C (see clause 8).
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Additional criteria that must be applied in establishing 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, Py, 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;

— ambient air velocity of < 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.

4.2 Adverse conditions

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

— an enclosed space;

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

— a high ambient temperature, such as boiler or turbine rooms, or in conjunction with hot processing equipment;
— high altitudes;

— the presence of solar energy or radiant heat.

4.3 Favourable conditions

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

4.4 Auxiliary cooling

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

— fan cooling, in which case the fan shall maintain 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.

© IS0 2001 - All rights reserved PROOF/EPREUVE 5
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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 establishing 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; 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 the
thermal rating. Thermal testing invoives measuring the steady-state bulk oil sump temperature of the gear drive
operating at its rated speed at no-load and at least one or two increments of load. Preferably, one test should be at
95 °C sump temperature.

While no-load testing cannot yield a thermal 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.
— The ambient air temperature and velocity must be stabilized and measured for the duration of the test.

— The time required for the gear drive to reach a steady-state sump temperature depends upon the drive size
and the type of cooling.

— Steady-state conditions can be approximated when the change in oil sump temperature’is < 1 °C/h.

The oil temperature in the sump at various locations can vary by as much as 15 °C. The location of the temperature
measurement should represent the bulk oil temperature. Outer surface temperatures can vary substantially from
the sump temperature. The opposite direction of rotation can create a different sump temperature.

During thermal testing, the housing outer surface temperature can be surveyed if detailed analysis of the heat

transfer coefficient and effective housing surface area is desired. Also, with fan cooling, the air velocity distribution
over the housing surface can be measured.

7 Method B — Calculations for determining the thermal power rating, Pt

7.1 General

The calculation of thermal rating, P, is an iterative process, due to the load dependency of the coefficient of friction
for the gear mesh and the bearing power loss.

The basis of the thermal rating is when the losses, Py, at Py are equal to the heat dissipation, Pq, of the gear drive.
Pq = Py M
When this is satisfied under the conditions of 3.2, Py is P,.

The heat generation in a gear drive, Py, comes from both load dependent, P_, and non-load dependent losses, Py

Py = P +Fy @)
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P_is a function of the input power, P.
P = f(Pa) | (3)
Using Equation 1 and rearranging terms, we can write the basic heat balance equation as follows:
Po—Py~f(Pa)=0 : (4)

To detérmine the basic thermal rating, Py, vary P, until Equation 4 is satisfied. This can be done by recalculating
the load dependent losses, P, at different input powers, P,. If Pq < Py at no-load, the gear drive does not have
any thermal capacity. The design must be changed to increase Pq or auxiliary cooling methods must be used.

When Equation 4 is satisfied, the overall unit efficiency, 7, is calculated as follows:

PL +PN

=100 -
n PA

%100 (5)
The thermal rating of the gear drive is as follows:

__ra 6
Pr=—"0" (6)

100

The following thermal model has been established using empirical factors. It is based on the experience of several
gear manufacturers. The model has been validated by extensive testing of concentric-shaft, base-mounted
reducers with shafts mounted in a horizontal orientation. Limited testing of some parailel shaft gear units has also
been performed in order to spot check the adequacy (validity) of the model. Values of some variables such as
arrangement constant, heat transfer coefficient and coefficient of friction may not .adequately -address other
enclosed drive configurations and operating conditions. These configurations or conditions may necessitate
modifications of the particular variables. Changing any variable requires care and testing to ensure that the
principles of the heat balance formulation are not violated. :

7.2 Heat generation

The heat generated in a gear drive comes from both load dependent, P|, and non-load dependent losses, Py,.

The load dependent losses are comprised of the sum of all the individual bearing losses, Pg, and the sum of all the
individual gear mesh losses, Py:

PL=3 s+, Pu @)

The non-load dependent losses consist of the sum of all the individual oil seal losses, Pg, the sum of all the
individual internal windage and oil churning losses for the gears and bearings, Py, and Py, respectively, and the
sum of all the individual oil pump powers, Pp, consumed.

PN =2Ps +2PW +2PWB +2Pp (8)

These losses must be summed for each occurrence in the gear drive.
7.3 Bearing power loss, Py

7.3.1 General

Page 49 of [¢] provides a method of calculating the load dependent losses for bearings. Equation 9 gives the value
for the torque on each bearing as a function of the applied load. The coefficient of friction, f;, and the equations for
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calculating the load, P4, are given in Table 2. The exponents, a and b, which modity Py and d,,, are given in Table 3.

Further information on the power loss in bearings can be found in bibliographical references (3 and [4l. The values
. presented in Tables 2, 3 and 4 are based on SKF!) bearings and may vary depending on the manufacturer.

(PR (dm)° | o
Mi==——%00 ®)

where

M, is the bearing load dependent torque, in Newton metres; -
fi is the coefficient of friction (Table 2);
P, is the bearing dynamic load, in Newtons (Table 2);

dn, is the bearing mean diameter, in millimetres (Equation 10).

di+d
o - i2do) > o) | (10)
where
d, is the bearing bore diameter, in millimetres;
d, is the bearing outside diameter, in millimetres.
PBi:(M;**SZz)" _ (11)
where

Pg; is the power loss for the individual bearing, in kilowatts;

n is the bearing rotational speed, in revolutions per minute;

M, is the cylindrical roller bearing axial load dependent moment, in Newton metres (Equation 12).

1) These are examples of products available commercially. This information is given for the convenience of users of this part
ot 1SO/TR 14179 and does not constitute an endorsement by ISO of these products.
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Table 2 — Factors for calculating M,

Bearing type . fi P2
(0,0006 ... 0,0009) (Po/Cy)%:55 P 3F,-0,1F,
0,0003 (Po/Co)%# 1,4 YoF,—0,1F,

Deep groove ball bearings

Self-aligning ball bearings

Angular contact ball bearings:
single-row 0,001 (Pg/Cq)0-33 F,-0,1F

double-row, pairgd single-row 0,001 (PO/C0)°’33 1,4F,~01F,
Four-point contact ball bearings 0,001 (Pg/Cg)0-33 1,6F,+36F,
Cylindrical roller bearings, with cage:
series 10 0,000 2 F.©
series 2 0,0003 . F.©
series 3 0,000 35 F.©
series 4, 22, 23 0,000 4 F.©
Cylindrical roller bearings, full 0,000 55 F.¢©
compiement
Needle roller bearings 0,002 F,

Spherical rolier bearings: '
series 213 0,000 22

1,35 YzFa if Fr/Fa < Y2
series 222 0,000 15 ‘
series 223 0,000 65 F [1+0,35 (YoF,/F)3
series 230, 241 0,001 r if F./F, < }? r
series 231 0,000 35 Whe/fas Ttz
series 232 ) 0,000 45 . _
series 239 0,000 25 (valid for all series)
series 240 0,000 8
Taper roller bearings:
single-row 0,000 4 : 2YF,d
aired single-row 0,000 4
P g 1,2 Y,F, @
Thrust ball bearings 0,000 8 (F,/Cq)33 Fq
Cylindrical roller thrust bearings, 0,001 5 Fy
needle roller thrust bearings
Spherical roller thrust bearings:
series 292E 0,000 23 Fy (F, max < 0,55 F,)
series 292 0,000 3
series 293k 0,000 3 (valid for all series)
series 293 0,000 4
series 294E 0,000 33
series 294 0,000 5
Symbols:
Py, = equivalent static bearing load, in Newtons (see manufacturer's bearing tables);
C, = basic static load rating, in Newtons (see manufacturer's bearing tables);
F,  =axial component of dynamic bearing load, in Newtons;
F, = radial component of dynamic bearing load, in Newtons;

Y,.Y, =axial load factors (see manufacturer's bearing tables).

a8 f P, <F,then P, =F should be used.

b The small values are for light series bearings, the large values for heavy series bearings.
¢ For bearings subjected to additional axial loads, refer to 7.3.2.

d  Referto 7.3.3.
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Table 3 — Exponents for calculation of M,

Exponent
Bearing type
a b
All (except spherical roller bearings) 1 1
Spherical roller bearings:
series 213 1,351 0,2
series 222 1,35 0,3
series 223 1,35| 0,1
series 230 1,5 1-0,3
series 231, 232, 239 15 |-0,1
series 240, 241 15 | _ 0,2

Table 4 — Factor f, for cylindrical roller bearings

f
Bearing Lubrication
grease oil
Bearings with cage:
" EC design 0,003 | 0,002
other bearings 0,009 0,006
Full complement bearings:
singie-row 0,006 0,003
double-row 0,015 0,009

7.3.2 Axially loaded cylindrical roller bearings

For cylindrical roller bearings that have to support an additional axial load, the equation given earlier for the total
~ frictional moment must be expanded to inciude the frictional moment, M5, which depends on the axial load:

_ foFadm

12
1000 (12)

where
M, s the axial load dependent moment, in Newton metres;
f> is afactor (Table 4) depending on bearing design and lubrication;
F, is the axial bearing load, in Newtons.

The values quoted for f, assume that the viscosity ratio K > 1,5. Additionally, the ratio of the axial load to the
simultaneously acting radial bearing load (F,/F,) must not exceed 0,5 for EC design and single-row full complement
bearings, 0,4 for the other bearings with cage, or 0,25 for double-row full complement bearings.
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7.3.3 Tapered roller bearings
Equivalent dynamic bearing load for single-row taper roller bearings:
P=F, where Fy/F, <e (13)
P=0,4F, +YFy where Fy/F, <e | (14)
The values of factors e and Y will be found in the bearing tables for each individual bearing.

Because the raceways are at an angle to the bearing axis, when taper roller bearings are subjected to a radial load,
an axial force is induced within the bearing. This must be considered when caiculating the equivalent dynamic
bearing load. All the requisite equations for the various bearing arrangements and load cases are given in Figure 1.
These are only valid if the bearings are adjusted against each other to give zero clearance in operation, but are
without preload. In the bearing arrangements shown, bearing A is always subjected to radial load F,, and bearing
B to radial load F,g. F,5 and F,g are always considered as positive, even in cases when both act in the direction
opposite to that shown in the figures. The radial loads act at the pressure centres of the bearings (see dimension a
in the bearing manufacturer tables). Additionally, an external axial force, K,, acts on the shaft (or the housing).
Cases 1c and 2c in Figure 1 are also valid for K, = 0. Values for the axial load factor, ¥, for bearings A and B can
be found in the bearing tables or can be approximated by using the bearing X factor.

7.4 Mesh power loss, Py, spur and helical gears

Mesh losses are a function of the mechanics of tooth action and the coefficient of friction. Tooth action involves
some sliding with the meshing teeth separated by an oil film. The mesh efficiency is expressed as a function of the
sliding ratios and the mesh coefficient of friction in I8 and (6],

The gear tooth mesh losses can be expressed by Equation 15. This equation contains the mesh coefficient of
friction, fr,, which is a function of the applied load and the mesh mechanical -advantage, M, which describes the
mechanics of the tooth action. These functions must be solved before solving Equation 15.

_ fmT1008° By,
9 549M

Pui (15)

where
Pui is the mesh power loss, in kilowatts;
/m is the mesh coefficient of friction (Equation 20);
T, is the pinion torque, in Newton metres;
ny is the pinion rotational speed, in revolutions per minute;
B, is the operating helix angle, in degrees;

M is the mesh mechanical advantage (Equation 16).

©1S0 2001 - Allrights reserved PROOF/EPREUVE 11

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 14179-1:2001(E)

Arrangement Load case Axial loads
Back-to-back
A 1a) Fea >£ﬁ Fap = 0,5Fa
Yo Vs 2 Yp
4 —
X Ka=0 Fag = Fap +K,
/ a
\
K, \
£ 1b) [ Fra ] FaA=m
rA YA YB YA
Ky>05/ LB _Fn | Fg=Fp+k,
Yo Ya
1c) | Fia _ Fi For = Fon—K
YA Ys aA aB a
\
0,5F
1 Ky <05|i® _fun| |Fp=— B
Yo Ya B
F"A FrB
Face-to-face _
2a) Fia F Fap = Fap + K,
) /////// ; A 8
“““.\\\\\\\‘ ./ Ka >0 FaB _ o,i),FrB
/ﬂ B
\ K
\ 3 /
| | 2)|Fa | Fip Fan = Fag + K4
Fl'A FrB YA YB
| F F, 0,5F
Back-to-back K,> O,S(—LA— —-’-B—] Fag = B
Ya YB Yp
/ z
\/ 20)|Fa _ Fig. Fop = 5P
Ka \ YA YB YA
l K, <O,5[~———--FrA --ELB—] Fap = Fap — K3
Foa Yo Vg

Figure 1 — Tapered roller bearing load equations

12 PROOF/EPREUVE ©1S0 2001 ~ Al rights reserved

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 14179-1:2001(E)

The mesh mechanical advantage can be calculated using Equation 16. This equation is a fgnction of' the sliding
ratios. For external gears, the sliding ratio at the start of approach action, Hg, is calculated using Equation 1 7, and
the sliding ratio at the end of recess action, H,, is calculated with Equation 18. Equation 19 gives the gear ratio, u.

M= -Zi)i-zw—(ﬁ—;'—) (16)
Hg +Hy
where - : R
a,, isthe transverse operating pressure angle, in degrees;
Hg is the sliding ratio at start of approach (Equation 17);

H, is the sliding ratio at the end of recess (Equation 18).

° 05
Hg=(u+1) [-%—2-—005205\”] —sinay, (17)
w2
1 » 05
+ :
H, =(i__) [.’.%1__0052 aW] —sina,, (18)
u T'wi
where

u is the gear ratio (Equation 19);

rop is the gear outside radius, in millimetres;
rwe IS the gear operating pitch radius, in millimetres;

ro1 IS the pinion outside radius, in millimetres;

rwi 1S the pinion operating pitch radius, in millimetres.

w=<2 _ (19)

24
where

zp is number of gear teeth;
zy is the number of pinion teeth.

If the pitch line velocity, V, is 2 m/s <V < 25 m/s and the K-factor is 1,4 N/mm2 < K <14 N/mm2, then the mesh
coefficient of friction, f,, can be expressed by Equation 20. Outside these limits, the values for f,, must be
determined by experience. Load intensity, K, can be calculated using Equation 21. The exponents, j, g and h
modify the viscosity, v, the load intensity, K, and the tangential pitch line velocity, V, respectively.

. vik®
fm - C1V h (20)
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where

v is the kinematic oil viscosity at operating sump temperature, in centistokes (square millimetres per
second); '

K is the load intensity, in Newtons per square millimetre;
C, s aconstant;

vV is the tangential pitch line velocity, in metres per second.

¢ - 10007, (z4+22)
2bw(rw1) 2

(21)

where

b,, is the face width in contact, in millimetres.

Values to be used for the exponents j, g and h and the constant C; are as follows:

j=-0,223
g=-0,40
h=0,70

Cy=23,239

7.5 Mesh power loss, Py, bevel gears

The mesh power loss, Py, for bevel gears is based on the tooth geometry, pitch line velocity and tooth contact
pressure. Refer to annex A for a proposed calculation method.

7.6 Mesh power loss, Py, cylindrical worm gears

The mesh power loss, Py, for worm gearing is dependent on the worm gear tangential tooth load, W,, sliding

velocity, v, and the coefficient of friction, u, where the tangential tooth load is also a function of transmitted power.
Refer to annex B for calculation methods.

7.7 Mesh power loss, Py, double enveloping worm gears

Refer to annex B for a suggested calculation method.
7.8 Oil seal power loss, Pg

Contact lip oil seal losses are a function of shaft speed, shaft size, oil sump temperature, oil viscosity, depth of
submersion of the oil seal in the oil and oil seal design. Oil seal power losses can be estimated from Equation 22.
Figure 2 can be used to estimate oil seal frictional torque as a function of shaft diameter for oil seals typically used
in gear drives, see [7],

Tsn
Poi = —3S-_
S~ 9549 (22)
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where

Pg; is the power loss for each individual oil seal, in kilowatts;
Tg s the oil seal torque, in Newton metres (Figure 2);

n is the shaft speed, in revolutions per minute.

0,6

0,5

: ) v [~

0,2 ,/ ,/<\

e Z
L~

0 25 50 75 100 125 150 175
Shaft diameter, Dy, mm

N\

Friction torque, Tg, N'm

Key
1 Tg=3737 x1073D
2 Tg=2429x 1073D

Figure 2 — Seal friction torque

7.9 Gear windage and churning power loss, Py,

The equations for gear windage and churning power loss that follow are derived from the equations that appear in
section 12.5.2 of Dudleyl8l. They have been modified to include the oil viscosity, v, the gear dip factor, fgand an
arrangement constant, A4. In addition, the exponent for the diameter, D, was adjusted.

Before calculating gear windage and friction losses, the gear dip factor, £, must be determined. This factor is based
on the amount of dip that the element has in the oil. Since windage effects for typical industrial gear reducers are
negligible with respect to the other losses, f, = 0 when the element does not dip in the oil. When the element is fully
submerged in the oil, f, = 1. When the element is partly submerged in the oil, linearly interpolate between fg =0 and
fy= 1. For example, for a gear that has the oil level at the centre line of its shaft,fg =0,50.

Use a value of 0,200 for the arrangement constant, Ag: in Equations 24, 25 and 26.

The power loss equation for the tooth surface calls for a roughness factor, R;. Table 12.5 of Dudley!®! provides
some values based on tooth size. Equation 23 is a reasonable approximation of the values from Dudley.

4,648 '
R{ =7,93 - —— (23)

ny
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where

R; s the roughness factor;
m; is the transverse tooth module.

Gear windage and churning losses encompass three types of loss. For those losses associated with a smooth
outside diameter, such as the outside diameter of a shaft, use Equation 24. For those losses associated with the
smooth sides of a disc, such as the faces of a gear, use Equation 25. It should be pointed out that Equation 25
includes both sides of the gear, so do not double the value. For those losses associated with the tooth surfaces,
such as the outside diameter of a gear or pinion, use Equation 26. ’

For smooth outside diameters,

737 fgn®D*L

P = (24)
GWI Ag1026
For smooth sides of discs,
1,474 fvn®D>7
PGWi = 26 (25)
Ag10
For tooth surtaces,
347 Ry
7.37fyn D' F
P Jtang 6)
where
Pgwi is the power loss for each individual element, in kilowatts;

fg is the gear dip factor;

D is the outside diameter of the element, in millimetres;

Ag is the arrangement constant;

F s the total face width, in miliimetres;

L s the length of the element, in millimetres;

B is the generated helix angle, in degrees. For helix angles less than 10°, use 10° in Equation 26.

After calculating the individual elements for each shaft assembly in a reducer, they must be added together for the
total loss. For example, an output shaft assembly, Equation 24 would be used for the OD of the shaft outside of the
gear between the bearings, Equation 25 for the smooth sides of the gear and Equation 26 for the tooth surfaces.

7.10 Bearing windage and churning power loss, Pyg

Bearing windage and churning losses are based on the methods described in [2l. The load-independent frictional
moment, M, is given by Equations 27 and 28. The kinematic viscosity, v, is a function of sump temperature.
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‘If vn < 2000
Mo =16x10"8f0d3 (27)

If vin = 2000

Mo =10"10fo (vn)?'2 a2 (28)
where

M, is the no-load torque moment on the bearing, in Newton metres;

fo s the bearing dip factor.

Factor f, adjusts the torque based on the amount that the bearing dips in the oil and varies from fomin 10 fo(max)-
Use fomin) if the rolling elements do not dip into the oil and fomay) if the rolling elements are completely submerged
in the oil. When the rolling elements are partly submerged in the oil, linearly interpolate between fomin) and foimax)-
Values for fomin) @8Nd foimax) €an be found in Table 5. See Equation 29 and Figure 3. For sealed bearings, use
fo(min) to calculate the moment M, however, the moment M3 must also be calculated.

H

fo = fo(min) * (f o(max) ~ fo(min) Don (29)

Where bearings are fitted with rubbing seals, the frictional losses arising from the seal may exceed those arising
from the bearing itself.

Table 5 — Bearing dip factor, f,

Bearing type Jominy | fo(max)
Deep groove ball bearings:
single-row 2 4
double-row

Self-aligning ball bearings

Angular contact ball bearings:

single-row 3,3 6,6
double-row, paired single-row 6,5 13
Four-point contact ball bearings 6 12

Cylindrical roller bearings, with cage:
series 10, 2, 3, 4

series 22 3 6

series 23 4 8
Cylindrical roller bearings, full compiement:

single-row 5 10

double-row 10 20
Needle rolier bearings 12 24
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Table 5 (continued)

Bearing type Jominy | fomax)
Spherical rolier bearings: '
series 213 3,5
series 222 4 8
series 223, 230, 239 4,5 9
series 231 55 11
series 232 6 12
series 240 6,5 13
series 241 7 14
Taper roller bearings:
single-row 8
paired single-row 8 16
Thrust ball bearings 1,5
Cylindrical roller thrust bearings 3,5
Needle roller thrust bearings 5 11
Spherical roller thrust bearings:
series 292 E 2,5 5
series 292 3,7 7,4
series 293 E 3 6
series 293 4,5 9
series 294 E 3,3 6,6
series 294 5 10

a Qil level.
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The frictional moment, M, of the seals for a bearing which is sealed at both sides can be estimated using the
following empirical equation:

d 2
(_nl] +f4
\ _\fs) (30)
: 1000

where

My is the frictional moment of seals, in Newton metres;
f3 s a bearing seal factor (Table 6);

fs is a bearing seal factor (Tabie 6).

Table 6 — Factors f; and f,

Bearing (design) Factors
earing (design

fa | Ja
Deep groove ball bearings (2RS1), self-aligning ball 20 | 10

bearings (2RS1), angular contact ball bearings (2RS),
Y-bearings (series 17262(00)-2RS1 and 17263(00)-2RS1)

Y-bearings (all other series), needle roller bearings (2RS) | 202|252

Cylindrical rolier bearings, fuli complement (2LS) 10 | 50

2 Does not apply to Y-bearings with special flingers.

The power loss for each bearing can then be calculated using Equation 31.

-(MO +M3)n

Pywgi = 5549 (31)

7.11 Oil pump power loss, Pp

The required power and capacity of most lubrication oil pumps varies directly with the speed. Thus, the required
power is a function of the oil flow and oil pressure at a given pump speed.

Pp = Ppg + Ppm (32)
For an oil pump driven by one of the reducer shafts, the oil pump loss, Pp,, can be estimated using Equation 33.

Op

= (33)
6Oep

Ppg

0 is the oil flow, in litres per minute;
p is the operating oil pressure, in Newtons per square millimetre;

is the oil pump efficiency.

© 1SO 2001 - All rights reserved PROOF/EPREUVE 19

Copyright International Organization for Standardization
Provided by IHS under license with ISO
No reproduction or networking permitted without license from IHS Not for Resale



ISO/TR 14179-1:2001(E)

For an oil pump driven by an electric motor, the oil pump losses, Ppp,,, can be estimated usipg Equation 34, which
considers the electric power consumed and the efficiency of both the electric motor and the oil pump.

. .

Pom = Ep [—”l] (34)
p

where .

Ep is electric power consumed, in kilowatts;

em IS electric motor efficiency.

7.12 Heat dissipation, Pq

The heat dissipated from a gear drive is influenced by the surface area of the gear drive, the air velocity across the
surface, the temperature differential, AT, between the oil sump and the ambient air, the heat transfer rate from the
oil to the gear case and the heat transfer rate between the gear case and the ambient air. The heat dissipation is
given by Equation 35.

Pq = AckAT ) (35)
where

A s the gear case surface area, in square metres;

k is the heat transfer coefficient, in kilowatts per square metre degrees Celsius;
AT is the temperature differential, in degrees Celsius.

NOTE A. is the gear case surface area exposed to ambient air, not including fins, bolts, bosses or mounting surfaces.

The heat transfer coefficient, k, is defined as the average value over the entire gear drive outer surface. The heat
transfer coefficient will vary depending upon the material of the gear case, the cleanliness of the external surface,
the extent of wetting of the internal surfaces by the hot oil, the configuration of the gear drive and the air velocity
across the external surface. For gear drives covered by this part of ISO/TR 14179, typical values for k range from
0,017 kW/(m? °C) to 0,020 kW/(m?2 °C). This range is typical for gear drives applied in a large, indoor space. See
(8]

The heat transfer coefficient for a shaft-fan-cooled gear drive is a function of fan design, shroud design and fan
speed. It will vary substantially depending upon the effectiveness of the fan and the proportion of the exterior
surface cooled by the resulting air flow. The air velocity is defined to be the average air velocity over 70 % of the
surface area, A, of the gear drive. The effect of using multiple fans on a gear drive could increase the average air

velocity, thereby resulting in a higher heat transfer coefficient. Table 7 provides values for k for fan-cooled gear
drives.

Table 7 — Heat transfer coefficient, , for gear drives with fan cooling

Air velocity | Heat transfer coefficient
m/s kW/(m? °C)
2,5 0,015
50 0,024
10,0 0,042
15,0 0,058
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When the actual operating conditions for a specific application are different from the standard condition‘s'defined in
© 3.2, and the thermal rating is calculated for the conditions 3.2 defines, the thermal rating may be modified for the

application as follows:
Prhim = PrBetByBaBTBp

where

Prym is the modified thermal power rating, in kilowatts;

Py is the basic thermal power rating, in kilowatts;
B, is the ambient temperature modifier;
By is the ambient air velocity modifier;

B, s the altitude modifier;

Bt is the allowable oil sump temperature modifier; .

Bp s the operation time modifier.

(36)

Bt and B, may be applied to natural or shatft fan cooling; By, may only be applied to natural cooling.

The gear drive manufacturer should be consulted when the conditions exceed the limits given in Tables 8 to 12 or
when correction factors are required for any type of cooling other than natural or shaft fan.

When the ambient air temperature is below 25 °C, B, allows an increase in the thermal rating. Conversely, with an
ambient air temperature above 25 °C, the thermal rating is reduced. See Table 8.

Table 8 — Ambient temperature modifier, B

ref

Ambient temperature
°C Bref
10 1,15
18 1,07
25 1,00
30 0,93
40 0,83
43 0,75
50 0,67

When the surrounding air has a steady velocity in excess of 1,4 m/s, due to natural or operational wind fields, the
increased convection heat transfer allows the thermal rating to be increased by applying By,. Conversely, with an

ambient air velocity of < 0,50 m/s, the thermal rating is reduced. See Table 9.

© 1SO 2001 — All rights reserved PROOF/EPREUVE

Copyright International Organization for Standardization
Provided by IHS under license with ISO

No reproduction or networking permitted without license from IHS Not for Resale

21



ISO/TR 14179-1:2001(E)

Table 9 — Ambient air velocity modifier, By

Ambient air velocity
m/s By
<05 0,75
>05514 1,00
>1,4<3,7 1,40
> 37 1,90

At high altitudes the decrease in air density results in the derating factor B,. See Table 10.

Table 10 — Altitude modifier, B,

Aititude
m Bp

0 (sea level) 1,00
750 0,95

1 500 0,90

2 250 0,85
3000 0,81
3750 0,77

4 500 0,72

5 250 0,68

The standard maximum allowable oil sump temperature is 95 °C. A lower sump temperature requires a reduction in
the thermal rating using By (see Table 11). A maximum allowable sump temperature in excess of 95 °C will
increase the thermal rating and can provide acceptable gear drive performance in some applications. However, it
must be recognized that operating above 95 °C may reduce lubricant and contact seal life and increase the surface
deterioration on the gears and bearings, with a subsequent increase in the frequency of maintenance. The gear
manufacturer should be consulted when a maximum allowable oil sump temperature in excess of 95 °C is being
considered.

Table 11 — Maximum ailowable oil sump temperature modifier, B;

Maximum oil sump temperature
oC BT
85 0,81
a5 1,00
105 1,13

When a gear drive sees less than continuous operation with periods of zero speed, the resulting “cool-off” time
allows the thermal rating to be increased by Bp. See Table 12,
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Table 12 — Operation time modifier, By

Operation time per each

hour
% Bp
100 1,00

(continuous)
80 1,05
70 1,15
40 1,35
20 1,80
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Annex A
(informative)

Bevel gear mesh and gear windage power losses

A.1 Purpose

The purpose of this annex is to provide a method of calculating the power loss for bevel gear meshes, and the
windage and churning losses for bevel gears and pinions, in order to determine thermal rating.

These procedures are offered in an annex because at the time of publication there was insufficient data available

for confirmation. Actual thermal ratings may differ substantially from thermal ratings calculated using the following
procedures.

A.2 Mesh power loss, Py

The foilowing equations are proposed for estimating the gear tooth mesh losses for bevel gears (see Figures A.1

and A.2).
2
Py = fm Tqny cos ﬁm (A1)
9549 M
where

f is the coefficient of friction (see Equation 20);
T, is the pinion torque, in Newton metres;
ny s the pinion speed, in revolutions per minute;
‘ By is the mean spiral angle, in degrees;
M is the mesh mechanical advantage, (see Equation 16).

If the pitch line velocity, V, is 2 m/s < V < 25 m/s and the K-factor is 1,4 < K < 14 N/mm?2, then f,, can be estimated
using Equation 20. Qutside these limits, the values for f,, must be determined by experience.

For bevel gearing, the pitch line velocity is calculated at the larger end of the tooth.

The K-factor is given by the equation:
K= 1 000T1 (21 + 22)

2by ra122

zq is the number of pinion teeth;
z, is the number of gear teeth;
b,, s the face width in contact with mating element, in millimetres;

m1 IS the mean reference radius, in millimetres.
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The equation for mesh mechanical advantage is:
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- 2cosat,2n(Hsz+Ht) (A3)
HS + Ht
where
oy is the transverse pressure angle, in degrees;
H, s the sliding ratio at start of approach;
H, is the sliding ratio at end of recess.
tanap,
oy, = arctan| ——— (A.4)
cos B
where
a,, is the normal pressure angle at pitch surface, in degrees.
!
V .
° .
= / N g §
4\‘\ “ <&
N
.
AN
Figure A.1 — Uniform depth tooth
The values for Hg and H, are:
5 05
Hg=(uy+1) r—"gm—z—coszatm] - sinQyy, (A.5)
'yvm2
] R 0,5
u, + r .
H, =[ :4 j [—‘%m—coszatm] —sinayy (A.6)
v 'vm1
L
where
ity is the equivalent gear ratio;
remt 1 the equivalent mean reference radius, pinion, in millimetres;
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ryme IS the equivalent mean reference radius, gear, in millimetres;
reemi IS the equivalent tip radius at mid-face width, pinion, in millimetres;
reem2 1S the equivalent tip radius at mid-face width, gear, in millimetres;
4 is the transverse pressure angle, in degrees.

r vem

Figure A.2 — Taper depth tooth

The equation for equivalent mean reference radius is given by:

Rer

¥, o et
Y™ Ry cosé

where

r  is the pitch radius, in millimetres;

Ry, is the mean cone distance, in millimetres;
R, s the outer cone distance, in millimetres;

6 is the reference cone angle, in degrees.

The equivalent gear ratio can be calculated as:

The équivalent tip radius at mid-face can be calculated as:

"vem = F'vm *+ fiam

where

ham is the addendum at mid-face, in millimetres.
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If the addendum at the outer end and the face angle are known, the addendum at mid-face can be calculated as:

btan(é, - 5) . (A10)

ftam = hae == 2

where
b is the face width, in millimetres;

h,e is the addendum at outer end, in millimetres;

é

. is the face angle, in degrees;

§ is the reference cone angle, in degrees.

A.3 Gear windage and churning power loss, Pyg

Subclause 7.9 and Equations 23 to 26 can be used for the windage and churning power losses of bevel gears. The
use of the dimensions and tooth geometry based on the large end of the teeth will result in conservative values.
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Annex B
(informative)

Worm gear mesh power losses

B.1 Purpose

The purpose of this annex is to provide a method that can be used to calculate the power loss for worm gear
meshes to determine thermal rating.

These procedures are offered in an annex because at the time of publication there was insufficient data available
for confirmation. Actual thermal ratings may differ substantially from thermal ratings calculated using the following
procedures.

The worm gear mesh power loss is usually the largest single component of the total loss for a worm gear drive and
is directly related to the operating coefficient of friction. AGMA provides one general value for this factor based only
on pitch line velocity, but the operating coefficient of friction will also be influenced by factors such as load,
materials, contact (assembly), surface finish, surface accuracy, hardness, geometry, lubrication and temperature.
Tests at various speeds on a series of small centre distance units, 35 mm to 75 mm, with various ratios, did show a
significant scatter in the operating coefficient of friction. When using the coefficient of friction from Tables 5 and 7 of
(9] in the following procedure, the actual mesh power loss and resulting thermal power capacity may vary
significantly from the calculated value. However, when using a coefficient of friction more representative of the
operating conditions, the calculated mesh power loss should closely match the actual mesh loss.

B.2 Mesh power loss, Py, cylindrical worm gear

The mesh power loss, Py, for cylindrical worm gearing is dependent on the worm gear tangential tooth load, W,, the
sliding velocity, vg, and the coefficient of friction, u, where the tangential tooth load is also a function of the
transmitted power, Pj.

The input power can be used to calculate the tangential tooth load per Equation B.1.

Pa - P
Wy = A_ N (8.1)
[ nwDm VsH ]

+
1,91x107, 1000 cos A cos a,,

nydm

Ys = 13008 cos 82)

where
W, is the tangential tooth load on worm gear, in Newtons;
P, s the transmitted power, in kilowatts;
Py is the no-load power loss, in kilowatts;
n, is the revalutions per minute of worm shaft;

D, is the mean wormgear diameter, in millimetres;

2
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is the mean worm diameter, in millimetres;

is the sliding velocity at mean worm diameter, in metres per second;

A s the lead angle at mean worm diameter, in degrees;

o, is the normal pressure angle of worm thread at mean diameter, in degrees;
u is the gear ratio;

U is the coefficient of friction.

NOTE When using a synthetic lubricant, values of the coefficient of friction, u, from ANSI/AGMA 6034-B92, can be reduced
by 30 % for establishing mesh power loss.

The mesh power loss, Py, for this operating condition can then be calculated using Equation B.3.

PM vS:th (B3)

~ 1000 cos 4 cosay

B.3 Mesh power loss, Py, double enveloping worm gear

The AGMA standard for double enveloping wormgearing, ANSI/AGMA 6017-E86(10], does not provide a direct
method for establishing a mesh power loss, but does provide typical efficiency curves estabiished by testing. Based
on this data, the cylindrical wormgear method can be used for calculating double enveloping mesh losses by
reducing the value for u by 30 %. This will provide a reasonable approximation for double enveloping mesh power
loss.

The mean worm diameter, d,,, is calculated as follows:
dm=2C-Dg (B.4)
where

C is the centre distance, in millimetres.
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