TECHNICAL
REPORT

ISO/TR
14179-1

First edition
2001-07-15

Gears — Thermal capacity
Part 1:

Rating gear drives withhthermal equilibfrium

at 95 °C sump tempetrature

Engrenages — Capacité thermique —

Partie 1: Capacité desdransmissions par engrenages pour une

température de bain d’huile de 95

=

ISO

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

© SO 2001


https://standardsiso.com/api/?name=d6157018f23923e9414fdfe67a5b615c

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.

© 1S0O 2001

All rights reserved. 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 ISO's member body
in the country of the requester.

ISO copyright office

Case postale 56 « CH-1211 Geneva 20
Tel. +412274901 11

Fax +4122 74909 47

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © ISO 2001 — All rights reserved


https://standardsiso.com/api/?name=d6157018f23923e9414fdfe67a5b615c

ISO/TR 14179-1:2001(E)

Contents Page
[STo T =TT oT o F iv
INTFOAUCTION e \;
1 Yoo o TR UTUUUUU TP TTURUTUTUTUUN S SO 1
2 Symbols and units, term and definition ... e e 1
3 R AT oo I o] ] (=T AT DO O PP OUP PP TPUPPPTTRUUPPIE A L SUTOUPIN RUUPPPN 4
4 SEIVICE CONAITIONS ..eiiiiiiiiiie ittt e e e e e e sibe e e eee e e e s snnnreesieehessennbnnneeeeeesssfabnneeeeees 5
4.1 INTEIMITIENT SEIVICE ...t ee e e e e s s ssenenee e D e e e e s e b e 5
4.2 AAVEIrSE CONTITIONS ....uiiiiiiiie ittt e e e s e rer e e e e e s s s ssbre e e e e N s s sibnrneeeeeesesnnnnnehereeesa e 5
4.3 Favourable CONAITIONS .....ooiiiiiiiiieiee e S e et e e e e e b e 5
4.4 AUXIArY COOIING cooiiiieiieiee e e ettt b e 5
5 Methods for determining the thermal rating ... S b 6
6 Lo A oY N =] R s N SRR STUPURRUR FUPSRRR 6
7 Method B — Calculations for determining the thermal power rating, PT.......cccocvvvniiiifoninn, 6
7.1 ¥ 1T TP S TP TP PP PPPPT PR PTPPPPPPPPRTUPPY FUPPPPPPN 6
7.2 [ [T L0 T=T =T =Y T o PPN PSP 7
7.3 Bearing POWEr 10SS, PR ..o B b 7
7.4 Mesh power loss, Py, spur and helical gears .sci. e L 11
7.5 Mesh power l0ss, Py, bevel gears...............aSh i e 14
7.6 Mesh power loss, P, cylindrical worm gears ... b 14
7.7 Mesh power loss, Py, double enveloping worm gears .........ccccoceveviiiiiiiiiiniiciinicieeeceesefeee, 14
7.8 Oil seal POWET 10SS, Pg...ciiiii e i 14
7.9 Gear windage and churning pOWer [0SS, Py ..o b 15
7.10 [ Bearing windage and churning power 0SS, P\p/B .- v ivriiriiiiiiniiciinii s b 16
7.11 | Oil pumMpP POWET 10SS, PRIt e 19
7.12 | Heat dissipation, PQ ................................................................................................................................... 20
8 Modifications formon-standard operating CONAitiONS .........uviiiiiiiiiiiiiiiiiie e e 21
AnneX A (informative)~Bevel gear mesh and gear windage pOWer |0SSES ........cuvvvvvvvevevreeeeeeeeeeeieieeneeeeeneifernnnnnnn 24
Annex B (informative) Worm gear mesh POWET IOSSES .....ccoiiiuiiiiiiie e citiiieee e e e s sesivene e e e e e ssinrnnneeae e s sssnafareeeaee s 28
T T T ToT =T o] A PP O U PP PUPPPTROUPPPUUPPPIN PUPPRN 30
© SO 2001 — All rights reserved iii


https://standardsiso.com/api/?name=d6157018f23923e9414fdfe67a5b615c

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 {obe TEPrESENtEd O that TOMMItEE. MEermationat organiZations, governmentaandnon-govermmeantal, in
liaison with ISO, also take part in the work. 1ISO collaborates closely with the International Electrotethnical
Commisgion (IEC) on all matters of electrotechnical standardization.

Internatignal 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 Interrjational
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 itg participating members to publish a Technical Report. A TechnicalReport 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 sulject 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
calculatign.

ISO/TR 14179 consists of the following parts, under the general title Gears — Thermal capacity :
— Part[l: Rating gear drives with thermal equilibrium at 95 € sump temperature

— PartP: Thermal load-carrying capacity

iv © ISO 2001 — All rights reserved
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Introduction

ISO/TR 14179 consists of two parts.

2001(E)

This part of ISO/TR 14179 is the Amerlcan proposal It ut|I|zes an analytlcal heat balance model to calculate the

thermd
in the @nalytical model can trace their roots to publlshed works of various authors

The prpcedure is based on the calculation method presented in AGMA (American Gear Manufacturets As
Technical Paper 96FTM9I[, The bearing losses are calculated from catalogue informationysupplied b
manufacturers, which in turn can be traced to the work of Palmgren. The gear windage” and chur
formul@tions originally appeared in work presented by Dudley, and have been modified to.account for the
changes in lubricant viscosity and amount of gear submergence. The gear load losses are derived from
investigators of rolling and sliding friction who approximated gear tooth action by-means of disk tes

S0ciation)
y bearing
hing loss
effects of
the early
ters. The

coefficlents in the load loss equation were then developed from a multiple -parameter regression amalysis of

experimental data from a large population of tests in typical industrial geardrives. These gear dri
subjected to testing which varied operating conditions over a wide range, @perating condition paramet
test matrix included speed, power, direction of rotation and amount of lubricant. The formulation has bee
by cross checking predicted results to experimental data for various gear drive configurations fron
manufacturers.

ISO/TR 14179-2 is based on a German proposal whereby.the thermal equilibrium between power
dissipdted heat is calculated. From this equilibrium, the expeeted gear oil sump temperature for a given tr
power|as well as the maximum transmittable power for asgiven maximum oil sump temperature, can be ¢

ves were
brs in the
n verified
h several

loss and
Aansmitted
hlculated.

For spray lubrication, it is also possible to calculate the amount of external cooling necessary for maintaining a

given @il inlet temperature. The calculation is an iterative method.

The power loss of cylindrical, bevel, hypoid and worm gears can be calculated according to theord
experimental investigations of these different-gear types undertaken at the Technical University in Munich.
depenglent gear power loss results in the-calculation of the coefficient of mesh friction. The influence of
parameters of load, speed, viscosity and surface roughness on the coefficient of friction were measured in
in twin| disk tests and verified in gearexperiments. The same equations for the coefficient of friction ar
ISO/TR 13989 for the calculation ¢f'the scuffing load capacity of gears, and are used in German standard
for the|calculation of the relevant temperature for oil film thickness to evaluate the risk of wear and micropi
no-loa¢l power loss of gearS js derived from systematic experiments with various parameters from
researth projects. The pewer loss calculation of the anti-friction bearings was taken from the experien
bearingg manufacturers,. a@s)published in their most recent catalogues.

The ¢quations fer-heat dissipation are based on theoretical considerations combined with exp
investigations on)model gear cases using different gear wall configurations in natural and forced cd
Radiatjon from_the housing is based on the Stefan-Boltzman law, with measured values of the relative
coefficlent‘measured for different surface finish and coatings of the gear case surface. Also included are
for the|caleulation of the heat transfer from rotating parts and to the foundation. The results were verified

tical and
The load
the main
dividually
P used in
methods
tting. The
pbublished
ce of the

erimental
nvection.
radiation
pguations
with heat

dissipafion measurements in practical gear drives. A computer programme, "WAEPRO”, With The propose
calculation method, was developed within a research project of the FVA (Forschungsvereinigung Antrie
e.V., Frankfurt) and is widely used in the German gear industry.

© ISO 2001 - All rights reserved
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TECHNICAL REPORT ISO/TR 14179-1:2001(E)

Gears — Thermal capacity

Part 1:
Rating gear drives with thermal equilibrium at 95 °C sump
temperature

1 Sc¢ope
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 minerahoil. The calculation is [pased on

standafrd conditions of 25 °C maximum ambient temperature and 95 °C maximam oil sump temperature |n a large
indoor|space, but provides modifiers for other conditions.

2 Symbols and units, term and definition

For the purposes of this part of ISO TR 14179, the symbols and uhits given in Table 1, and the following|term and
definitipn, apply.

Table 1 — Symbuols and units

Symjbol Meaning Units fiy;/thjgid Reference
Al Gear case surface area exposed to'ambient air m?2 Eq. (35) 7.12
A\; Arrangement constant for geating — Eq. (24) 7.9
= Load modifying exponernit — Eqg. (9) Table 3
BA Altitude modifier — Eq. (36) Tlable 10
Bp Operating time. moadifier — Eq. (36) Tlable 12
Bkt Ambient termperature modifier — Eq. (36) Table 8
B} Sump.temperature modifier — Eq. (36) Tlable 11
B\ Ambient air velocity modifier — Eq. (36) Table 9
b Diameter modifying exponent — Eqg. (9) Table 3
by, Face width In contact with mating element mm Eq. (21) 7.4
Co Basic static load rating N — Table 2
C, Mesh coefficient of friction constant — Eq. (20) 7.4
D OD of element for gearing windage and churning mm Eq. (24) 7.9

Dor Bearing diameter over rolling elements mm Eqg. (29) Figure 3
Dy Shaft diameter mm — Figure 2
d, Bearing bore diameter mm Eq. (10) 7.31

© 1SO 2001 - All rights reserved 1
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Table 1 (continued)

Symbol Meaning Units fi:/;/thjgid Reference
dn, Bearing mean diameter mm Eq. (9) 7.3.1
d, Bearing outside diameter mm Eq. (10) 7.3.1
Ep Electric power consumed kw Eqg. (34) 7.11

e Bearing-factot — Ee—13) 7B.
€m Electric motor efficiency — Eqg. (34) 7111
€ Qil pump efficiency — Eq. (33) 7111
F Total face width of gear or pinion mm Eq\ (26) 1.9
Fa Bearing axial load component N Eq. (12) 7.8.2
Fr Bearing radial load component N Eqg. (13) 7.8.3
fg Gear dip factor - Eq. (24) 7.9
fn Mesh coefficient of friction — Eqg. (15) Eq.|(20)
fo Bearing dip factor — Eq. (27) Tatl)le 5
1 Coefficient of friction for bearings — Eqg. (9) Tatl)le 2
f, Cylindrical roller bearing factor — Eqg. (12) Tatl)le 4
fa Bearing seal factor — Eqg. (30) Tatl)le 6
fy Bearing seal factor — Eqg. (30) Tall)le 6
g Load intensity modifying exponent — Eq. (20) 1.4

H Depth that bearing rolling element:dips in oil mm Eqg. (29) Figlire 3
Hg Sliding ratio at start of approach — Eqg. (16) Eq.|(17)
H; Sliding ratio at end of recess — Eqg. (16) Eq.|(18)
h Pitch line velocity madifying exponent — Eqg. (20) 1.4

i Viscosity modifyifig exponent — Eqg. (20) 1.4

K Load intensity N/mm?2 Eq. (20) | Eq.[(21)
Ka Externaltaxial force N — 7.8.3
k Heat transfer coefficient kW/(m2°C) | Eq.(35) Table 7
L Length of element for gearing windage and churning mm Eq. (24) 1.9
M Mesh mechanical advantage Eq. (15) Eqg. (16)
Mg No-load torque moment of bearings Eq. (27) 7.10
My Bearing load dependent torque Eq. (9) 7.3.1
M, Cylindrical roller bearing axial load dependent moment Eqg. (11) 7.3.2
My Frictional moment of bearing seal N - Eqg. (30) 7.10
m Transverse tooth module — Eq. (23) 7.9

n Rotational shaft speed rpm Eqg. (11) 731

© 1SO 2001 — All rights reserved
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Symbol Meaning Units fiygthjgeed Reference
ng Pinion rotational speed rpm Eq. (15) 7.4
P Bearing load N Eq. (13) 7.3.3
Pa Transmitted power kw Eqg. (3) 7.1
P Total bearing losses (all bearings) kW Eq. (7) 7.2
Pgi Individual bearing load power loss kw Eq. (11) 7.3.1
Pcivi Individual gear windage and churning loss kw Eq. (24) 7.9
Pl Load dependent losses kw EqQ. (2) Eqg. (3)
P Total gear mesh losses (all meshes) kw Eq. (7) 7.2
Paii Individual loaded mesh power loss KW Eq. (15) 7.4
Pl Non-load dependent losses kw Eqg. (2) Eq. (8)
Pp Total oil pump power required (all pumps) kw Eq. (8) 7.11
Ppin Motor driven oil pump power kw Eq. (32) Bqg. (34)
PHs Shatft driven oil pump power kw Eq. (32) Bqg. (33)
Po Heat dissipated kw Eqg. (1) 7.12
P& Total oil seal losses (all seals) kw Eq. (8) 7.8
P4, Individual oil seal power loss kw Eq. (22) 7.8
P} Basic thermal power rating kw Eq. (6) 7.1
Priim Adjusted thermal power rating kw Eq. (36) 8
P Heat generated kw Eq. (1) Eqg. (2)
Py Total combined windage and churning losses (of all meshes) kw Eq. (8) 7.9
Pue Qil churning losses, bearings (all bearings) kw Eq. (8) 7.10
Pulgi Individual bearing churning power loss kw Eq. (31) 7.10
P Equivalent static bearing load N — Table 2
P} Bearing dynamic load N Eqg. (9) Table 2
¢ Operating oil pressure N/mm?2 Eq. (33) 7.11
Q O-flow Hrain Eg—{33) 7.11
R Roughness factor for gear teeth — Eq. (23) 7.9
o1 Pinion outside radius mm Eq. (18) 7.4
lo2 Gear outside radius mm Eq. (17) 7.4
fwi Pinion operating pitch radius mm Eq. (18) 7.4
w2 Gear operating pitch radius mm Eq. (17) 7.4
Tg Oil seal torque N-m Eq. (22) Figure 2
© ISO 2001 — All rights reserved 3
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Table 1 (continued)

Symbol Meaning Units fi:/;/thjgid Reference

T Torgue on the pinion N-m Eqg. (15) 7.4
u Gear ratio — Eq. (17) 7.4
\Y Pitch line velocity m/s Eq. (20) 7.4
A Sliding velocity at mean worm diameter m/s — 7.6
W, Tangential tooth load on worm gear N — 1.6

Y, Y Bearing factors — Eq. (14) 7.3.3
7 Number of pinion teeth — Eqg.(19) 1.4
Z Number of gear teeth — Eq. (19) 1.4
Gy Operating transverse pressure angle degrees Eq. (16) 1.4
i3 Generated helix angle degrees Eq. (26) 7.9
B Operating helix angle at operating pitch diameter degrees Eqg. (15) 7.4
AT Temperature differential °C Eq. (35) 7112
K Viscosity ratio — — 7.8.2
n Efficiency % Eq. (5) 1.1
Ui Coefficient of friction for worm gears — — 1.6
v Kinematic viscosity of the oil at operating temperature cSt Eqg. (20) 1.4

2.1
Thermal Jrating
maximum power that can be continuously transmitted through a gear drive without exceeding a specified oil sump
temperatyire

NOTE 1 | The thermal rating must equalor exceed the actual service transmitted power.

NOTE 2 | Service factors are not/ised when determining thermal requirements.

NOTE 3 | The magnitude ofthe 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 Ratj|ng criteria

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

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).

4 © IS0 2001 - All rights reserved
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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, P, is established by test
(Method A) or by calculation (Method B) under the following conditions:

— oll

sump temperature at 95 °C;

— ambient air temperature of 25 °C;

— ambient air velocity of < 1,4 m/s in a large indoor space;

— ai
— cg

Modify

4 S

41 |

For in
sump

4.2

The af
Some

— arn
— a
— a
— hi
— th

4.3 |

density at sea level;
ntinuous operation.

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

prvice conditions

ntermittent service

mperature does not exceed 95 °C.

\dverse conditions

ility of a gear drive to operate within its thermal poweérrating may be reduced when adverse conditi
examples of adverse environmental conditions are;

enclosed space;

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

jh altitudes;

b presence of solar energy or radiant heat.

Favourable conditions

The th
ambie

4.4

ermal power rating may be enhanced when operating conditions include increased air movement
t temperature.

rmittent service, the input power may exceed the manufacturer's’ thermal power rating, provided the oil

bns exist.

nigh ambient temperature, such as boiler or turbine rooms, or in conjunction with hot processing equipment;

or a low

uXiliary 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.

© ISO 2001 - All rights reserved
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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 4 specific gear drive at its design operating conditions is the most reliable means\ of establishing the
thermal rpting. Thermal testing involves measuring the steady-state bulk oil sump temperature of the gegr drive
operating at its rated speed at no-load and at least one or two increments of load. Preferably, one test shoulfd be at
95 °C sump temperature.

While nojload testing cannot yield a thermal rating, it may be used to approximate the heat transfer coefficlent for
comparispn purposes, provided the power required to operate the drive at no-loatis measured.

The folloying are some guidelines for acceptable thermal testing.
— The pmbient 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 driye size
and the type of cooling.

— Stea[ly-state conditions can be approximated when/the change in oil sump temperature is <1 °C/h.
The oil tegmperature in the sump at various locations-can vary by as much as 15 °C. The location of the tempgrature

measurement should represent the bulk oil temperature. Outer surface temperatures can vary substantially from
the sumpjtemperature. 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 qoefficient and effective housing surface area is desired. Also, with fan cooling, the air velocity distfibution
over the lhousing surface can be_measured.

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

7.1 Babkis

The calcylation‘of thermal rating, P, is an iterative process, due to the load dependency of the coefficient of ffriction
for the ggarmesh and the bearing power loss.

The basis of the thermal rating is when the losses, Py, at P, are equal to the heat dissipation, PQ, of the gear drive.
Po = Py @)

When this is satisfied under the conditions of clause 3, P, is defined as Pr.

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

PV = PL + PN (2)

6 © 1SO 2001 — Al rights reserved
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P is a function of the input power, P,.
PL=(Pa) 3)
Using Equation 1 and rearranging terms, we can write the basic heat balance equation as follows:
Po—Pn—f(Pa)=0 (4)

To determine the basic thermal rating, P, vary P, until Equation 4 is satisfied. This can be done by recalculating
the logd dependent 10SSes, P, at different mput POWeTs, PA. T P < Py at no-foad, the gear drive dogs|not have
any theérmal capacity. The design must be changed to increase Pg or auxiliary cooling methods must be, used.

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

n:loo_mxloo (5)
P
A

The thermal rating of the gear drive is as follows:

P
F)I-:#77 (6)
1 -
100

The following thermal model has been established using empirical factors. It is based on the experience ¢f several
gear manufacturers. The model has been validated by extensive testing of concentric-shaft, basefmounted
reducdrs with shafts mounted in a horizontal orientation. Limited testing of some parallel shaft gear unitg has also
been performed in order to spot check the adequacy (validity) of the model. Values of some variableg such as
arrangement constant, heat transfer coefficient and..coefficient of friction may not adequately addréss other
enclosgd drive configurations and operating conditions. Other configurations or conditions may negcessitate
modifi¢ations of the particular variables. Changing any variable requires care and testing to ensurg that the
principjes of the heat balance formulation are not.wiolated.

7.2 Heat generation

The hgat 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
individpial gear mesh losses; Py,

Pl = Ps + X Py @)

The no¢n-load_dependent losses consist of the sum of all the individual oil seal losses, Pg, the sum pof all the
individpial intermal windage and oil churning losses for the gears and bearings, Py, and P, g, respectively, and the
sum ofl all'the individual oil pump powers, Pp, consumed.

PN:ZPS+ZPW +ZPWB+ZPP (8)

These losses must be summed for each occurrence in the gear drive.

7.3 Bearing power loss, Pg

7.3.1 Radially loaded bearings

Page 49 of [2] 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

© 1SO 2001 - All rights reserved 7
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calculating the load, P,, are given in Table 2. The exponents, a and b, which modify P; and d,,, are given in Table 3.

Further information on the power loss in bearings can be found in bibliographical references [81 and [4l. The values
presented in Tables 2, 3 and 4 are based on SKFY) bearings and may vary depending on the manufacturer.

My = M 9
1000
where
M, |s the bearing load dependent torque, in newton metres;
f,  |s the coefficient of friction (Table 2);
P; |s the bearing dynamic load, in newtons (Table 2),
d,, [sthe bearing mean diameter, in millimetres (Equation 10).
a1 (di+do) (20
2
where
d, |s the bearing bore diameter, in millimetres;
d, |s the bearing outside diameter, in millimetres.
Pai % (11)

Pgi |s the power loss for the individual bearing, in kilowatts;

n |s the bearing rotational speed, in revolutions per minute;

M, |s 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
of ISO/TR 14179 and does not constitute an endorsement by 1SO of these products.

8 © 1SO 2001 — Al rights reserved
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Table 2 — Factors for calculating M,

Bearing type f P, 2
Deep groove ball bearings (0,0006 ... 0,0009) (P,/Cy)%-55b 3F,-01F,
Self-aligning ball bearings 0,0003 (P, /C)°4 1,4Y,F,-0,1F,
Angular contact ball bearings:
single-row 0,001 (P, /C()0-33 F,—-01F,
double-row, paired single-row 0,001 (P,/Cn)0:33 14F,-01F,
|
Folir-point contact ball bearings 0,001 (P, /C)0-33 15F,+3,6F,
Cylindrical roller bearings, with cage:
series 10 0,000 2 F,©
series 2 0,000 3 KO
series 3 0,000 35 F: ¢
series 4, 22, 23 0,000 4 F.©
Cylindrical roller bearings, full 0,000 55 F.c
complement
Neegdle roller bearings 0,002 F,
Spherical roller bearings:
series 213 0,000 22 IfF, /F,<Y5:1,35Y,5F,
series 222 0,000 15
series 223 0,000 65 If F,/F, < Yy F, [1+0,35 (Y,FJ/F)S]
series 230, 241 0,001 ]
series 231 0,000 35
series 232 0,000-45 alid for all series
series 239 0,000-25 (vali les)
series 240 0;000 8
Taper roller bearings:
single-row 0,000 4 2YF,d
paired single-row 0,000 4 1.2 Y,F, d
Thiust ball bearings 0,000 8 (F,/Cp)0:33 Fa
Cylindrical roller thrust bearings, 0,001 5 Fa
negdle roller thrust bearings
Spherical roller thrust bearings:
series 292E 0,000 23 F,(F, max < 0,55 F,)
series 292 0,000 3
series 293E 0,000 3 (valid for all series)
series 293 0,000 4
series 294k 0,000 33
series:294 0,000 5
Symbols:
P, |_=equivalent static bearing load, in newtons (see manufacturer's bearing tables);
o, = basic static load rating, in newtons (see manufacturer's bearing tables);

= axial component of dynamic bearing load, in newtons;
= radial component of dynamic bearing load, in newtons;
Y, Y, =axial load factors (see manufacturer's bearing tables).

C
E
E

a
r

If P, < F, then P, = F_should be used.

o @

The small values are for light series bearings, the large values for heavy series bearings.

o

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 1,35| 0,2
seres 222 135768
series 223 1,35( 0,1
series 230 15]|-0,3
series 231, 232, 239 15]|-01
series 240, 241 15|-0,2

Table 4 — Factor f, for cylindrical roller bearipgs

f
Bearing Lubrication
grease oil

Bearings with cage:

EC design 0,003 0,002

other bearings 0,009 0,006
Full complement bearings:

single-row 0,006 0,003

double-row 0,015 0,009

7.3.2 Akially loaded cylindrical\roller bearings

For cylindirical roller bearings-that have to support an additional axial load, the equation given earlier for the total
frictional moment must be.eXpanded to include the frictional moment, M,, which depends on the axial load:

f2Fadm
M. L 12
2" 1000 (12)

where

M, is the axial load dependent moment, in newton metres;
f, is afactor (Table 4) depending on bearing design and lubrication;

F. isthe axial bearing load, in newtons.

a

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.

10 © 1SO 2001 — Al rights reserved
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Tapered roller bearings

Equivalent dynamic bearing load for single-row taper roller bearings:

P

P

=F, where F /F, <e

=04 F, +YF, where F,/F, <e

The values of factors e and Y will be found in the bearing tables for each individual bearing.

Becau
an ax
bearin
These
withou

B to rgdial load Fg. F,5, and F,g are always considered as positive, even in cases when"hoth act in the

opposi
in the
Cases
be fou

7.4 Mesh power loss, Py, spur and helical gears

Mesh
some

sliding

The ge¢ar tooth mesh losses can be expressed by Equation 15. This equation contains the mesh coe)

friction

mechanics of the tooth action. These functions mustbé solved before solving Equation 15.

y)

where

:2001(E)

(13)

(14)

5e the raceways are at an angle to the bearing axis, when taper roller bearings are subjected to.-a'rs
bl force is induced within the bearing. This must be considered when calculating the equivalent
j load. All the requisite equations for the various bearing arrangements and load cases are given in

preload. In the bearing arrangements shown, bearing A is always subjected to radial toad F 5, an
fe to that shown in the figures. The radial loads act at the pressure centres of the bearings (see dir
bearing manufacturer tables). Additionally, an external axial force, K, acts¢on the shaft (or the

1c and 2c in Figure 1 are also valid for K, = 0. Values for the axial load faCtor, Y, for bearings A g
nd in the bearing tables or can be approximated by using the bearing K factor.

osses are a function of the mechanics of tooth action and_the/coefficient of friction. Tooth actior]

ratios and the mesh coefficient of friction in [5] and [6].

f,» Which is a function of the applied load andithe mesh mechanical advantage, M, which dest

o fmTingcos? By,
& 9 549M

[ is the mesh power loss, in kilowatts;
is the mesh coefficient of friction (Equation 20);
is the piniot/torque, in newton metres;

is the-pinion rotational speed, in revolutions per minute;

dial load,
dynamic
Figure 1.

are only valid if the bearings are adjusted against each other to give zero clearance_in operation, but are

d bearing
direction
hension a
housing).
nd B can

involves

liding with the meshing teeth separated by an oil film. Theumesh efficiency is expressed as a funcgon of the

fficient of
ribes the

(15)

is the operating helix angle, in degrees;

is the mesh mechanical advantage (Equation 16).

© ISO 2001 - All rights reserved
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Arrangement Load case Axial loads
Back-to-back
A Fra > h Fap = 0,5Fa
Ya  YB Ya
1 K, >0 Fag = Fap +Kg
K, \
Fia _ Fr8 Fan _05Fn
Fea Yo Yg Ya
K,>05| B _Fra | |Fp5FR+K
Face-to-face azY Yg  Ya a a
A B
5 g
1 == MR W
A < 1B Faa = Fap —Kgq
\ K Ya Y
| : ( F F 0,5F
K, <05 B A FaB:’_rB
B YA A\
FrA
Face-to-face
Fra gi Faa = Fag +Kq
> A B Ya Yg
0,5F
Z) K,>0 F.p=—>"1B
— a® aB
|= =g .
\
\ Ka Y
‘ \ Fra >i Faa = Fag +Kq
Fea Ya Y
E F 0,5Fg
to- K,>05—A__1B | |Fg=—"1"
Back-to-back a [ Yo Ys a A
> B A
s =5
77/ 2o Fa—F5 0;5F A
A >_™® Faa =
) // Ka \ ( YA YB a YA
] \ Ka<0,5[5i—%J Fag = Faa —Ka
FrB FrA A B

Figure 1 — Tapered roller bearing load equations
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The mesh mechanical advantage can be calculated using Equation 16. This equation is a function of the sliding
ratios. For external gears, the sliding ratio at the start of approach action, Hg, is calculated using Equation 17, and
the sliding ratio at the end of recess action, H,, is calculated with Equation 18. Equation 19 gives the gear ratio, u.

M - 2cosay, (Hs +Hy)

(16)
HZ+H?

where

a is the transverse operating pressure angle, in degrees;

H{ is the sliding ratio at start of approach (Equation 17);

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

2 05
lo2 2 .
Hls = (u+1) [OT—COS aw] —sina,, (17)
f'w2
1 2 05
r .
H, = (&j [Lzl—cos2 aw] —sin a, (18)
u Fwi

where

u| isthe gear ratio (Equation 19);

rop is the gear outside radius, in millimetres;

rwp is the gear operating pitch radius, in‘millimetres;

rof IS the pinion outside radius, in millimetres;

' is the pinion operating pitch radius, in millimetres.

z
uE=2 (19)
Z

where

7| is thesnumber of gear teeth;

7 is the number of Inininn teeth

If the pitch line velocity, V, is 2 m/s <V < 25 m/s and the K-factor is 1,4 N/mmZ2 < K <14 N/mmZ2, 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.

yik9
fm = h (20)
CV
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where

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

K s the load intensity, in newtons per square millimetre;

C, Iisaconstant;

V s the tr—mgpntial pit(‘h line \/plnrity in metres per second

1000T; (21 +25)
2by, (rwl)2 zZ,

(21)

b,, |[s the face width in contact, in millimetres.

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

j=-|0,223
g=-040
h=070

C, =[3.239

7.5 Mgsh power loss, Py, bevel gears

The mesp power loss, Py, for bevel gears is based on the tooth geometry, pitch line velocity and tooth ¢ontact
pressure| Refer to annex A for a proposed c¢alculation method.

7.6 Mgsh 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, Y, and the coefficient.offriction, x4, where the tangential tooth load is also a function of transmitted jpower.
Refer to annex B for calculatien methods.

7.7 Mgsh powerdoss, Py, double enveloping worm gears

Refer to annex Bifor a suggested calculation method.

7.8 Oil seal power loss, Ps

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].

Tgn
Pgj=—>—

- 22
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

Key

1 T¢=3737x103D,
2 Td=2429 x 103D,

7.9

The equations for gearwindage and churning power loss that follow are derived from the equations that
sectior) 12.5.2 of Dudley[€l. They have been modified to include the oil viscosity, v, the gear dip factor, f

arran

Before| calGulating gear windage and friction losses, the gear dip factor, f,, must be determined. This facto
on the|amount of dip that the element has in the oil. Since windage effects for typical industrial gear red

negligible with respect to the other losses, f, = 0 when the element does not dip in the oil. When the element is fully

is the shaft speed, in revolutions per minute.

Friction torque, Tg, N-m

' L S
., >/ ) V
02 / //(

. /

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

Figure 2 — Seal friction torque

Sear windage and®churning power loss, Py

gement constant, Ag In addition, the exponent for the diameter, D, was adjusted.

2001(E)

pppear in
0 and an

is based
ucers are

submerged in the oil, f, = 1. When the element is partly submerged in the olil, 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, f; = 0,50.

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

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

© IS0

4,64
R =7,93 - 848
my
2001 — All rights reserved

(23)

15


https://standardsiso.com/api/?name=d6157018f23923e9414fdfe67a5b615c

ISO/TR 14179-1:2001(E)

where

R; is 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 poth-sides-of-the-geas-so-do-not-double-the-value—Forthose-losses-assosiated-with-the-teoth-surfaces,

such as the outside diameter of a gear or pinion, use Equation 26.

For smodth outside diameters,

7,37fgvn3D4'7L

b | (24)
GWi A91026
For smodth sides of discs,
14741 n3D>’
Powl = Aglo 56 (25)
For tooth|surfaces,
R
7,37f Vn3D4'7F[ f ]
' g
Jtan
Pewji = d (26)

26
Aq10

Pew is the power loss for each individual element, in kilowatts;
s the gear dip factor;

D |s the outside diametef of the element, in millimetres;

Aq |s the arrangement.constant;

F

s the total-face width, in millimetres;

L |s theflength of the element, in millimetres;

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, My, is given by Equations 27 and 28. The kinematic viscosity, v, is a function of sump temperature.
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If vn <2000
_ -8 3
Mg =16x10"" fody (27)
If vn> 2000
Mo =104 (vn)*2d3 (28)
where
My is the no-load torque of the bearing, in newton metres;
fo| is the bearing dip factor.
Factor|f, adjusts the torque based on the amount that the bearing dips in the oil and varies from fo ) [0 fomay)-
Use fogmin if the rolling elements do not dip into the oil and 5y if the rolling elements are completely sybmerged
in the pil. When the rolling elements are partly submerged in the oil, linearly interpolate between foiqy and fomay)-
Valueg for finy and fomay) can be found in Table 5. See Equation 29 and-Figure 3. For sealed bearjngs, use
fomin) 0 calculate the moment My, however, the moment M3 must also be éalculated.
fl = f +(f _f H (29)
0(min) 0(max) 0(min) Dor
Where| bearings are fitted with rubbing seals, the frictional lposses arising from the seal may exceed thoge arising
from the bearing itself.
Table 5 —Bearing dip factor, f;
Bearing-type fomin) | fomax)
Deep groove ballbearings:
single-row 2
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
series 23 4 8
Cylindrical roller bearings, full complement:
single-row 5 10
double-row 10 20
Needle roller bearings 12 24
© 1SO 2001 - All rights reserved 17
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Table 5 (continued)

Bearing type fO(min) fo(max)

Spherical roller bearings:

series 213 3,5

series 222 4

series 223, 230, 239 4,5

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 15
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 45 9

series 294 E 3,3 6,6

series 294 5 10

®Dor

a Qil level.

18

Figure 3 — Bearing dip
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The frictional moment, M3, of the seals for a bearing which is sealed at both sides can be estimated using the
following empirical equation:

2
d
() -

= 30
3 1000 (30)
where
Mg s the frictional moment of seals, in newton metres;
f3| is a bearing seal factor (Table 6);
f4| is a bearing seal factor (Table 6).
Table 6 — Factors f; and f,
Factors
Bearing (design)
f3 fy
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 rollerbearings (2RS) 202|252
Cylindrical roller bearings, full complement (2LS) 10 | 50
&  Does not apply to Y-bearings:with special flingers.
The pgwer loss for each bearing can then be(calculated using Equation 31.
(M o+t M 3)”
Plygi =——— 31
Bl 9549 D
7.11 Oil pump power loss/ Pp
The required power and-capacity of most lubrication oil pumps varies directly with the speed. Thus, thg required
power |is a function ¢f‘thie oil flow and oil pressure at a given pump speed.
P = PPS + Ppm (32)
For an|aitpump driven by one of the reducer shafts, the oil pump loss, Ppg, can be estimated using Equatipn 33.
Qp
Po. = 33
Ps 60 ep ( )
where
Q isthe oil flow, in litres per minute;
p isthe operating oil pressure, in newtons per square millimetre;
€ is the oil pump efficiency.
© 1SO 2001 - All rights reserved 19
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For an oil pump driven by an electric motor, the oil pump losses, Pp,,, can be estimated using Equation 34, which
considers the electric power consumed and the efficiency of both the electric motor and the oil pump.

I:)Pm

where

=Ep [e_m]
©p

Ep s electric power consumed, in kilowatts;

(34)

€m

7.12 He

The heat

s electric motor efficiency.

at dissipation, PQ

dissipated from a gear drive is influenced by the surface area of the gear drive, the'air velocity acr

surface, fhe temperature differential, AT, between the oil sump and the ambient air, the heat transfer rate fr

oil to the
given by

AT

NOTE

The heat
transfer @
the exten
across th
0,017 kW
See [8],

The heat|
speed. It
surface @
surface &
velocity,
drives.

Equation 35.

AKAT

s the gear case surface area, in square metres;

s the heat transfer coefficient, in kilowatts per square metre degrees Celsius;

s the temperature differential, in degrees Celsius!

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

transfer coefficient, k, is defined as.the ‘average value over the entire gear drive outer surface. Th
oefficient will vary depending upoh the material of the gear case, the cleanliness of the external s
t of wetting of the internal surfaces by the hot oil, the configuration of the gear drive and the air

e external surface. For gear-@drives covered by this part of ISO/TR 14179, typical values for k rang

/(m2 °C) to 0,020 kW/(m?2 °€). This range is typical for gear drives applied in a large, indoor

transfer coefficient for a shaft-fan-cooled gear drive is a function of fan design, shroud design 3
will vary substantially depending upon the effectiveness of the fan and the proportion of the ¢
ooled by the'resulting air flow. The air velocity is defined to be the average air velocity over 70 %
rea, A., ofthe gear drive. The effect of using multiple fans on a gear drive could increase the aver
hereby-resulting in a higher heat transfer coefficient. Table 7 provides values for k for fan-coolg

DSs the
bm the

gear case and the heat transfer rate between the gear case and the ambient)air. The heat dissip@tion is

(39)

»

e heat
urface,
elocity
e from

space.

nd fan
pxterior
of the
age air
d gear

20

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

Air velocity | Heat transfer coefficient
m/s kW/(mZ2 °C)
2,5 0,015
5,0 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 conditions defined in
clause 3, and the thermal rating is calculated for the conditions clause 3 defines, the thermal rating may be

modified for the application as follows:
Prim = PrBretByBaBTBp

where

(36)

P4um is the modified thermal power rating, in kilowatts;
P is the basic thermal power rating, in kilowatts;

bt IS the ambient temperature modifier;

B is the ambient air velocity modifier;

B/ is the altitude modifier,

B is the allowable oil sump temperature modifier;

By is the operation time modifier.

B,ef and B, may be applied to natural or shaft fan cooling; B,, may-only be applied to natural cooling.

The gegar drive manufacturer should be consulted when the ‘conditions exceed the limits given in Tables
when gorrection factors are required for any type of cooling other than natural or shaft fan.

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

Table 8.2 Ambient temperature modifier, B

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

B to 12 or

y, with an

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 B,,. Conversely, with an

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

© ISO 2001 - All rights reserved
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Table 9 — Ambient air velocity modifier, By,

At high a

Ambient air velocity
m/s Bv
<05 0,75
>05<14 1,00
>1,4<3,7 1,40
3L 496

titudes the decrease in air density results in the derating factor B,. See Table 10.

Table 10 — Altitude modifier, By

Altitude
m Ba
0 (sealevel) 1,00
750 0,95
1 500 0790
2250 0,85
3 000 0,81
3750 0,77
4 500 0,72
5250 0,68

The stan

ard maximum allowable oil sump temperature is 95 °C. A lower sump temperature requires a redu

the thermpal rating using By (see Table 11). A maximum allowable sump temperature in excess of 95
increase the thermal rating and can previde acceptable gear drive performance in some applications. How,
must be lecognized that operatingabeve 95 °C may reduce lubricant and contact seal life and increase the s
deterioration on the gears and bearings, with a subsequent increase in the frequency of maintenance. Th

manufac
considerg

rer should be consulted when a maximum allowable oil sump temperature in excess of 95 °C ig
d.

Table 11 — Maximum allowable oil sump temperature modifier, By

Ction in
°C will
ever, it
surface
e gear

being

Maximum oil sump temperature
oC BT
85 0,81
95 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.

22
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Operation time per each

ISO/TR 14179-1:2001(E)

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, 'g
windage and churning losses for bevel gears and pinions, in order to determine thermal rating.

These prpcedures are offered in an annex because at the time of publication there was insuffigient data aV
for confirmation. Actual thermal ratings may differ substantially from thermal ratings calculated, using the fo
procedures.

A.2 Me

The follo
and A.2).

If the pitq
estimateq

For beve

The K-faq

sh power loss, Py

ving equations are proposed for estimating the gear tooth mesh losses for bevel gears (see Figu

2
1 fm Tiny cos” fn

9 549 M

s the coefficient of friction (see Equation 20);
s the pinion torque, in newton metres;

s the pinion speed, in revolutions perJminute;
s the mean spiral angle, in degrees;

s the mesh mechanical advantage, (see Equation 16).

h line velocity, V,.is-2 m/s <V < 25 m/s and the K-factor is 1,4 N/mmZ2 < K < 14 N/mm?2, then i
using Equatiog 207 Outside these limits, the values for f,; must be determined by experience.

gearing,«he pitch line velocity is calculated at the larger end of the tooth.

tor,is\given by the equation:

nd the

ailable
lowing

res A1

(A1)

can be

10007, (74 +75)

K=

where

2by, ra12;

z, is the number of pinion teeth;

z, s the number of gear teeth;,

b

W

Fm1

24

is the face width in contact with mating element, in millimetres;

is the mean reference radius, in millimetres.
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