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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 ISO, also take part in the work. ISO collaborates closely with the International Electrotechnical
Commissio[1 (IEC) on all matters of electrotechnical standardization.

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

Draft Internjational Standards adopted by the technical committees are circulated to themember bodies for voting.
Publication|as an International Standard requires approval by at least 75 % of the member'bodies casting a vote.

Attention i drawn to the possibility that some of the elements of this International’Standard may be [the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patent rights.

Internationgl Standard ISO 9085 was prepared by Technical Committee ISO/TC 60, Gears, Subcorpmittee SC 2,
Gear capagity calculation.

Annexes Aland B form a normative part of this International Standard. Annexes C and D are for informpation only.
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Introduction

Procedures for the calculation of the load capacity of general spur and helical gears with respect to pitting and
bending strength appear in 1ISO 6336-1, ISO 6336-2, 1SO 6336-3 and ISO 6336-5. This International Standard is
derived from ISO 6336-1, ISO 6336-2 and ISO 6336-3 by the use of specific methods and assumptions which are
considered to be applicable to industrial gears. Its application requires the use of allowable stresses and material
requirements which are to be found in ISO 6336-5.

Vi © IS0 2002 — Al rights reserved
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Calculation of load capacity of spur and helical gears —
Application for industrial gears

1
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provisions of
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ncouraged to

investigate|the possibility of-applying the most recent editions of the normative documents indicat¢d below. For

undated references, the-latest edition of the normative document referred to applies. Members of

maintain r

ISO 53:1998, Cyilindrical gears for general and heavy engineering — Standard basic rack tooth profile

ISO 54:1996; Cylindrical gears for general and heavy engineering — Modules

isters of currently valid International Standards.

ISO and IEC

ISO 1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry

ISO 1328-1:1995, Cylindrical gears — ISO system of accuracy — Part 1: Definitions and allowable values of
deviations relevant to corresponding flanks of gear teeth!)

ISO 4287:1997, Geometrical Product Specifications (GPS) — Surface texture: Profile method — Terms, definitions
and surface texture parameters

1) This was corrected and reprinted in 1997.
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ISO 6336-1:1996, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introduction and
general influence factors

ISO 6336-2:1996, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface durability
(pitting)

ISO 6336-3:1996, Calculation of load capacity of spur and helical gears — Part 3: Calculation of tooth bending
strength

ISO 6336-5:1996, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of materials

ISO 9084:2000
of similar reqyirements

ISO/TR 1049
cylindrical geg

:1997, Cylindrical gears — Calculation of service life under variable loads '+~ Conditions for
rs accordance with ISO 6336

ISO/TR 13598:1999, Enclosed gear drives for industrial applications

3 Terms pand definitions

For the purppses of this International Standard, the terms and definitions”given in ISO 1122-1 apply. For the
symbols, see[Table 1.

2 © 1SO 2002 — Al rights reserved
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Table 1 — Symbols and abbreviations used in this International Standard

Symbol Description or term Unit
a centre distance? mm
b facewidth mm
bg facewidth of an individual helix of a double helical gear mm
by facewidth (pitting) mm
be facewidth (tooth root) mm
bred reduced-facewidth{facewidthrminus-end-retiefs) mm
bg web thickness mm
by length of end relief mm
¢y mean value of mesh stiffness per unit facewidth N/(mm-pm)
c maximum tooth stiffness of one pair of teeth per unit facewidth (single stiffness) N/(mm-pm)
da1,2 tip diameter of pinion (or wheel) mm

dan1,2 tip diameter of pinion (or wheel) of virtual spur gear mm
dp1,2 base diameter of pinion (or wheel) mm

dpn1,2 base diameter of pinion (or wheel) of virtual spur gear mm

den1.2 diameter of circle through outer point of single pair toeth’ contact of pinion, wheel of virtual mm

spur gear
dfq 2 root diameter of pinion, wheel mm

dm1,2 diameter at mid-tooth depth of pinion, wheel mm
dn12 reference diameter of pinion, wheel of virtual spur gear mm
dsh nominal shaft diameter for bending mm
dshi internal diameter of hollow shaft mm
dw1.2 pitch diameter of pinion, wheel mm
dnm diameter of a circle~heéar the tooth-roots, containing the limits of the usable flanks of an mm

internal gear or the\larger external gear of a mating gear
di2 reference diameter of pinion, wheel mm
S eff effective profile form deviation um
Ja prafile form deviation (the value for the total profile deviation F, may be used alternatively for um
this, if tolerances complying with ISO 1328-1 are used)
Jfma hefix deviation due to manufacturing imaccuracies um
Job transverse base pitch deviation (the values of f,; may be used for calculations in accordance um
with 1ISO 6336:1996, using tolerances complying with ISO 1328-1)

Job eff effective transverse base pitch deviation Mm
Jsh helix deviation due to elastic deflections um
Jhp tooth alignment deviation (not including helix form deviation) um
Za path length of contact mm

h tooth depth mm

© 1SO 2002 - All rights reserved 3
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Table 1 (continued)

Symbol Description or term Unit
hy addendum mm
hao tool addendum mm
heo dedendum of tooth of an internal gear mm
hep dedendum of basic rack of cylindrical gears mm
hEe bending moment arm for load application at the outer point of single pair tooth contact mm
N7, ; Sof ammtermat mm

gear or the larger external gear of a mating gear
l bearing span mm
mp normal module mm
Mred reduced gear pair mass per unit facewidth referenced to the line of action kg/mm
ng resonance speed min-1
nq2 rotation speed of pinion, wheel min-T1
Pbn normal base pitch mm
Pot transverse base pitch mm
pr protuberance of the tool mm
q finishing stock allowance mm
qs notch parameter sg, / 2pg —
qsT notch parameter of standard reference test gear —
b base radius mm
s pinion offset from shaft centre line mm
SEn tooth-root chord at the critical segtion mm
SR rim thickness mm
Spr residual fillet undercut mm
u gearratio | u | =|zyZ9| =12 —
1 circumferential{speed (without subscript: at reference circle = circumferential speed at m/s
working pitchicircle)
X1 2 profile-shift coefficient of pinion, wheel —
Vi raaning-in allowance (pitch deviation) um
Yp running-in allowance (profile deviation) Mm
Vo, running-in allowance for a gear pair gm
g running-in allowance (equivalent misalignment) um
Zn virtual number of teeth of a helical gear —
212 number of teeth of pinion, wheel 2 —
B total facewidth of a double helical gear including the gap mm
By running-in parameter for determination of constant K —
By running-in parameter for determination of constant K —

4 © 1SO 2002 — Al rights reserved
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Table 1 (continued)

Symbol Description or term Unit

B, running-in parameter for determination of constant K —

Bqy constants for determination of Fgy —

* constant for determination of the pinion offset —

Cy tip relief pum
Cay tip relief resulting from running-in um
Cu123 constantsfordeterminationof constant+ —

Cg basic rack factor —
Cr gear blank factor —
Cp crowning height gm

Cq g constants for determination of g —
E modulus of elasticity, Young's modulus N/mm?2
E auxiliary value for calculation of Y —
F mean transverse force at the reference cylinder (= Fy Kp Ky) N
Ft (nominal) transverse tangential force at reference cylinder N

Fi max maximum transverse tangential force at reference cylinder N

Fiy determinant transverse force at the reference cylinder (= Fi Ka Ky Kng) N
Fg total helix deviation gm

Fgyx initial equivalent misalignment (before runnirig-in) um
G auxiliary value for calculation of Y —
H auxiliary value for calculation of .Y —

J12 polar moment of inertia perwnit face width Kg/mm
K constant for determination of X, —
Ky dynamic factor —
K application factor —

Krqy transverse load factor (root stress) —

Krp facerload factor (root stress) —

Ky fransverse load factor (contact stress) —

Kyp face load factor (contact stress) —
K, mesh load factor (takes into account the uneven distribution of the load between meshes for —

multiple transmission paths)

Ky 2 constant —
K constant for the pinion offset in relation to the torqued end —
L tooth root chord at the critical section, related to the bending moment arm relevant to load —

application at the outer point of single pair tooth contact
N resonance ratio —
Ng exponent —

© 1SO 2002 - All rights reserved 5
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Table 1 (continued)

Symbol Description or term Unit
N number of load cycles —
Ng resonance ratio in the main resonance range —

M5 auxiliary values for the determination of Zg p —
P transmitted power kw
Prnax maximum transmitted power kw
Ra arithmeticmeanroughness-valvetas-specifiecHntS0-42874997) pm
Rz mean peak-to-valley roughness (as specified in ISO 4287:1997) pum
Rzqg mean peak-to-valley roughness for the gear pair pm
Sk safety factor from tooth breakage —
SF min minimum safety factor (tooth breakage) —
SH safety factor from pitting —
SH min minimum safety factor (pitting) —
T2 pinion torque (nominal); wheel torque Nm
Tmax maximum torque Nm
YE tooth form factor —
N life factor for tooth-root stress —
YNT life factor for tooth-root stress for reference test conditions —
YRrel T surface factor —
Ys stress correction factor —
Yx size factor (tooth root) —
Yg helix angle factor (tooth root) —
Ysrel T relative notch sensitivity factor —
Ye contact ratio factor (tooth root) —
Z, speed factor _
ZBDp single pair-tooth contact factors for the pinion, wheel —
Z elasticity.factor \/W
Zy zaore factor —
Z lubricant factor —
ZN life factor for contact stress —
INT life factor for contact stress for reference test conditions —
ZR roughness factor affecting surface durability —
Zw work-hardening factor —
Zx size factor (pitting) —
Zg helix angle factor (pitting) —
Z contact ratio factor (pitting) —

© 1SO 2002 — All rights reserved
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Table 1 (continued)

Symbol Description or term Unit
Cen pressure angle at the outer point of single pair tooth contact of virtual spur gears °

o normal pressure angle °

o transverse pressure angle °
Ot transverse pressure angle at the pitch cylinder °
OFen load direction angle, relevant to direction of application of load at the outer single pair tooth °

contact of virtual spur gears
apn normal pressure angle of the basic rack for cylindrical gears °

B helix angle at the reference cylinder °
o base helix angle °
Ye auxiliary angle for determination of agep, °
Sbth combined deflection of mating teeth assuming even load distribution over thé-facewidth pum
&y, transverse contact ratio —
Eon transverse contact ratio of a virtual spur gear —
3 axial overlap ratio —

& total contact ratio (&= &, + &) —

v Poisson's contact ratio —

2] auxiliary value for calculation of Y —
£a0 tip radius of the tool mm
o) root fillet radius of the basic rack for-cylindrical gears mm
Prel radius of relative curvature mm
PF tooth-root fillet radius at the.critical section mm
el slip-layer thickness mm
OB tensile strength N/mm2
O tooth-root stress N/mm2

OF lim nomindl stress number (bending) N/mm2
OFE allowable stress number (bending) = of |im YsT N/mm?2
OrG tooth-root stress limit N/mm2
OFp permissible tooth-root stress N/mm?2
OFo nominal tooth-root stress N/mm2
Ol calculated contact stress N/mm?2

OH lim allowable stress number (contact) N/mm?2
OHG modified allowable stress number = op SH min N/mm?2
OHpP permissible contact stress N/mm?2
OHo nominal contact stress N/mm?2

© 1SO 2002 - All rights reserved 7
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Table 1 (continued)

Symbol Description or term Unit
Os yield point N/mm?2
00,2 0,2 % proof stress N/mm?2
Va relative stress gradient in the root of a notch mm-"
Z*p relative stress gradient in a smooth polished test piece mm-1
Va: relative stress gradient in the root of the standard reference test gear mm-1
™12 angular velocity of pinion, wheel rad/s

a2  For exterTaI gear pairs, a, u, z1 and z, are positive; for internal gear pairs, a, u and z, are negative, and.z4 positjve.

4 Application

41 Desig

411 Gener

, specific applications

al

Gear designgrs must recognize that requirements for different applications vary considerably. U

procedures o
consideration

— the allow

the apprd

Design consig

[ this International Standard for specific applications demands a careful appraisal of all
5, in particular:

bble stress of the material and the number of load repetitions;

the consgquences of any percentage of failure (failure-rate);

priate factor of safety.

of the gear blank through the web or hub should be analysed by general machine design methods.

Any variances

a) If a more
reason ir
standard

b) Factors g

Internatia

according to the following shall be reported in the calculation statement.
refined method of\calculation is desired or if compliance with the restrictions given in 4.

hpractical, relevant’factors may be evaluated according to the basic standard or another

erived from reliable experience or test data may be used instead of individual factors acco
nal Standard. Concerning this, the criteria for Method A in 4.1.8.1 of ISO 6336-1:1996 are

Jse of the
applicable

erations to prevent fractures emanating from stress raisers in the tooth flank, tip chipping and failures

is for any
application

ding to this
applicable.

In other resp

ects, rating calculations shall be strictly in accordance with this International Standard wherever

stresses, safety factors etc. are to be classified as being in accordance with this International Standard.

This International Standard recognizes the following types of industrial drive design.

actual loads and operation conditions are not exactly known at the time of design.

Catalogue enclosed drives are designed to nominal load ratings for sale from catalogues or from stock. The

NOTE The actual loads for each application are evaluated to select an appropriately sized unit from the catalogue. A
selection factor, based on experience with similar applications, is often used to reduce the catalogue rating to match the
application conditions (see ISO TR 13593).

specified

at the time of design.

Custom designed drives are aimed at a specific application where the operating conditions are known or

© 1SO 2002 — All rights reserved
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This International Standard is applicable when the wheel blank, shaft’/hub connections, shafts, bearings, housings,
threaded connections, foundations and couplings conform to the requirements regarding accuracy, load capacity
and stiffness which form the basis for the calculation of the load capacity of gears.

Although the method described in this International Standard is mainly intended for recalculation purposes, by
means of iteration it can also be used to determine the load capacities of gears. The iteration is accomplished by
selecting a load and calculating the corresponding safety factor against pitting, Sy, for the pinion. If Sy1 is greater
than SH min, the load is increased; if it is smaller than Sy min, the load is reduced. This is done until the chosen load
corresponds to Sy1 = SH min. The same method is used for the wheel (SH2 = SH min), and also for the safety factors
against tooth breakage, Sk1 = SF2 = SF min-

41.2 Ge ata

This Interngtional Standard is applicable within the following constraints.
a) Types of gear:
— ejternal and internal, involute spur, helical and double helical gears;
— fof double helical gears, it is assumed that the total tangential load istevenly distributed befween the two
hglices; if this is not the case (e.g. due to externally applied axial forées), this shall be taken into account;
the two helices are treated as two single helical gears in parallel,

b) Range of speeds:
— n4|less than or equal to 3 600 min-1 (synchronous speefof two-pole motor at 60 Hz current frequency)?);
— sUbcritical range of speed (see K, in 5.6);
— at|speeds of v < 1 m/s, gear load capacity is.eften limited by wear.
c) Gear dccuracy:
— adcuracy grade 10 or better according to ISO 1328-1 (affects Ky, K, and Kpp).
d) Range of the transverse contactratios of virtual spur gear pairs:
— 1, <& <19 (affects\c ¢, Ky, Knp, Kras KHo @nd Kep).
e) Range of helix anglés:

— B|ess thanor equal to 30° (affects ¢, ¢,, Ky and Kig).

41.3 Pin’on and pinion shaft

This International Standard is applicable to pinions integral with shafts or bored pinions with sg/dq > 0,2 (this affects
', ¢y Ky, Kyp). It is assumed that the bored pinions will be mounted on solid shafts or on hollow shafts with
dshildsh < 0,5 (this affects Kyg).

4.1.4 Wheel blank, wheel rim

The given formulae are valid for spur and helical gears with a minimum rim thickness under the root of sg > 3,5 mj,.
The calculation of Kyg assumes that wheel and wheel shaft are sufficiently stiff such that their deflections can be
ignored.

2) For higher speeds, the requirements of ISO 6336 or ISO 9084 apply.

© 1SO 2002 — Al rights reserved 9
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4.1.5 Materials

These include steels, nodular cast iron and grey cast iron (this affects Zg, oy |im, ore, Kv: Knp, Krp, KHo @and Krg,).

For materials and their abbreviations used in this International Standard, see Table 2.

Table 2 — Materials

Material Abbreviation

Steel (og < 800 N/mm2) St
Cast steel, alloy or carbon, (og > 800 N/mm?2) St (cast)
Through-hardening steel, alloy or carbon, through hardened (og > 800 N/mm2) \
Grey cast iron GG
Nodular cast [ron (pearlitic, bainitic, ferritic structure) GGG (perl., bgi., ferr.)
Black malleable cast iron (pearlitic structure) GTS (perl.)
Case-hardengd steel, case hardened Eh
Steel and GGG, flame or induction hardened IF
Nitriding steel, nitrided NT (nitr.)
Through-hardening and case-hardening steel, nitrided NV (nitr.)
Through-hardening and case-hardening steel, nitrocarburized NV (nitrocar.)

41.6 Lubrigation

The calculatign procedures are valid for oil lubricated gears having sufficient lubricant of suitable viscpsity at the

gear mesh ar

4.2 Safety

It is necessar
breakage, Sf.

For a given a
equal to or gr

Choice of the
data and the

factors

bater than thewalues Sy min and Sk min, respectively.

tonsequences of possible failures.

d when the working temperature is_also suitable (this affects lubricant film formation, i.e.
2\, Zy, and ZR).

y to distinguish betwegen, the safety factor relative to pitting, Sy, and the safety factor relat

value ef-a’safety factor should be based on the degree of confidence in the reliability of th

the factors

ve to tooth

pplication, adequate gear load capacity is demonstrated by the computed values of Sy anpd Sk being

e available

Important fac

a) that the validity of the material values in ISO 6336-5 is for 1 % probability of damage,

ors to beconsideredare

b) the specified quality and the effectiveness of quality control at all stages of manufacture,

c) the accuracy of specification of the service duty and external conditions, and
d) that tooth breakage is often considered to be a greater hazard than pitting.

Therefore, the chosen value for Sk i should be greater than the value chosen for Sy min-

10
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For calculation of the actual safety factor, see 6.1.5 (Sy, pitting) and 7.1.4 (Sg, tooth breakage). For minimum safety
factors see 6.12 (pitting) and 7.9 (tooth breakage). However, it is recommended that the minimum values of the
safety factors should be agreed upon between the purchaser and the manufacturer.

4.3

Input data

The following data shall be available for the calculations:

a)

Requisite geometrical data can be calculated accending to national standards.

gear data:

a, z1, 22, mp, d1, da1, dap, b, by, br, X1, X2, an, B, &4, & (s€€ I1SO 53, ISO 54) (see 4.4 for definition of b, by and
bg facé widths);

cutter pasic rack tooth profile:

hao, PA;
designf and manufacturing data:

Cat, Ch2, fobs SH min, SF min, Raq, Rap, Rz4, Rzy;
materigls, material hardnesses and heat treatment details; gear agguracy grades, bearing span |/, positions of
gears felative to bearings; dimensions of pinion shaft dg,, and, when applicable, helix modification (crowning,
end relief);

power|data:

P or Tpr Fi, nq, vq, details of driving and driven machines.

Informatior] to be exchanged between manufacturer and purchaser should include data specifying material
preferenceg, lubrication, safety factor and externally applied forces due to vibrations and overloads (application

factor).

4.4 Face widths

The followipg face widths have)to be distinguished.

b: the |smaller of the\facewidths of pinion and wheel measured at the pitch circles (for a double helical gear
by = 2|bg). Chafunfers or rounding of tooth ends are to be ignored. Where the facewidths are offset, the length
of the face in.contact shall be used.

by: thg facewidth at the pitch cylinder of the gear (for a double helical gear by = 2 bg). When thg facewidth by
is larger than that of its mating gear, by shall be based on the smaller facewidth, ignoring any intentional

transverse chamfers or tooth-end rounding. Neither unhardened portions of surface-hardened gear tooth flanks
nor the transition zones shall be included. Where the facewidths are offset, the length of the face in contact
shall be used.

be: the facewidth at the root cylinder of the gear (for a double helical gear bg = 2 bg). When the facewidth &g is
larger than that of its mating gear, bf shall be based on the smaller facewidth plus a length, not exceeding one

module of any extension at each end. However, if it is foreseen that because of crowning or because end relief
contact does not extend to the end of face, then the smaller facewidth shall be used for both pinion and wheel.
Where the facewidths are offset, the length of the face in contact shall be used.

© 1SO 2002 - All rights reserved 11
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4.5 Numer

02(E)

ical equations

The units listed in clause 3 shall be used in all calculations. Information which will facilitate the use of this
International Standard is provided in annex C of ISO 6336-1:1996.

5

5.1

Influence factors

General

The influence factors Ky, Ky, Kng, Ke, and Kep are all dependent on the tooth load. Initially this is the applied load

(nominal tangential load multiplied by the application factor).

The factors a
a) K, with th
b) Knp or Kj
Cc) Ky OrK,

When a gear
factor, K,, shq

5.2 Nomin

The nominal

fa also interdependent and shall therefore be calculated successively as follows:

e applied tangential load F; K.
p with the recalculated load Fy Ka Ky;
« With the applied tangential load FiKa.

drives two or more mating gears, it is necessary to substitute Ka by KaK,. If possible, the
uld be determined by measurement; alternatively, its valuexmay be estimated from the liten]

al tangential load, F;, nominal torque, 7, nominal power, P

angential load, Fy, is determined in the transyverse plane at the reference cylinder. It is bg

mesh load
ature.

sed on the

input torque {o the driven machine. This is the torque corresponding to the heaviest regular working condition.
Alternatively, |the nominal torque of the prime mover(Can be used as a basis if it corresponds to [the torque
requirement df the driven machine, or some other suitable basis can be chosen.
F_2000T1,2_19098><1000P_1000P (1)
L = = =
1,2 d12n1,2 v
Fydq2 1000 P _ 9 549-P
Ty =3 = = (2)
4000 0)1’2 }11’2
_ Fip _T2012$FH2m12 3)
1000 1000 9549
dio|o dion
p= 212|002 1272 (4)
2 000 19 098
7ny2 2000 v n42
30 dq2 9549

5.3 Non-uniform load, non-uniform torque, non-uniform power

When the transmitted load is not uniform, consideration should be given not only to the peak load and its
anticipated number of cycles, but also to intermediate loads and their numbers of cycles. This type of load is
classed as a duty cycle and may be represented by a load spectrum. In such cases, the cumulative fatigue effect of
the duty cycle is considered in rating the gear set. A method of calculating the effect of the loads under this

condition is gi

12

ven in ISO TR 10495.
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5.4 Maximum tangential load, Fi nax, maximum torque, 7inax, maximum power, Pmax

This is the maximum tangential load Fi max, (Or corresponding torque, Tmax, corresponding power, Pmax) in the
variable duty range. Its magnitude can be limited by a suitably responsive safety clutch. Fi max, Tmax @nd Pmax shall
be known when safety from pitting damage and from sudden tooth breakage due to loading corresponding to the

static stress limit is determined (see 5.5).

5.5 Application factor, Kp

5.5.1

General

The factor
These add
the masseg

It is recomr

5.5.2 Method A — Factor Ka_pa

Kp is deter]
orontheb

5.5.3 Method B — Factor Ka_g

If no reliab

K adjusts the nominal load F3, in order to compensate for incremental gear loads from ext
tional forces are largely dependent on the characteristics of the driving and driven machin
and stiffness of the system, including shafts and couplings used in service.

ernal sources.
es, as well as

hended that the purchaser and manufacturer/designer agree on the value of thetapplication factor.

Mmined in this method by means of careful measurements and a comprehensive analysis
bsis of reliable operational experience in the field of application concerned (see 5.3).

le data, obtained as described in 5.5.2, is available{Zor even as early as the first desig

bf the system,

n phase, it is

possible tojuse the guideline values for K as described in annex C.

5.6 Internal Dynamic Factor, K,

5.6.1 General

The dynantic factor relates the total tooth loady’including internal dynamic effects of a “multi-resonang¢e” system, to
the transmitted tangential tooth load.

Method B pf ISO 6336-1:1996 withl modifications is used in this International Standard. When agfeed between

manufactuger and purchaser, of when determining the catalogue presentation of the capacities

of catalogue

enclosed dfives, Method E of ISO 6336-1:1996 may be used to estimate the dynamic factor.
In this profedure it is assumed that the gear pair consists of an elementary single mass and spring system
comprising|the equivalent masses of pinion and wheel, and the mesh stiffness of the contacting tgeth. It is also

assumed t
gear syste
of the gea

for the progedure dealing with very stiff shafts.

at each gear pair functions as a single stage pair, i.e. the influence of other stages in a
is ignored. This assumption is only tenable when the torsional stiffness (measured at th
) of the shaft common to a wheel and a pinion is less than the mesh stiffness. See 5.6.3

multiple-stage
e base radius
and annex A

Forces caused by torsional vibrations of the shafts and coupled masses are not covered by K,. These forces
should be included with other externally applied forces (e.g. with the application factor).

In multiple mesh gear trains, there are several natural frequencies. These can be higher or lower than the natural
frequency of a single gear pair which has only one mesh. When such gears run in the supercritical range, analysis

by Method

A is recommended. See ISO 6336-1:1996, 6.3.1.

The specific load for the calculation of K\, is (F; Ka)/b.

If (F{ Ka)/b > 100 N/mm, then Fy/b = (F; Ka)/b,

if (Ft KA)/b <

©1S0 2002 -

100 N/mm, then Fp,/b = 100 N/mm.

All rights reserved
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When the specific loading (Ft Kp)/b < 50 N/mm, a particular risk of vibration exists (under some circumstances, with
separation of working tooth flanks), above all for spur or helical gears of coarse accuracy grade running at higher
speed.

5.6.2 Calculation of the parameters required for evaluation of K,

5.6.2.1  Calculation of the equivalent mass, meg

a) Calculation of the equivalent mass mgq Of a single-stage gear pair

*  *
I )

T2, 2
J1rpa ™ J2rpy

Mred

(6)

where

mred| is the equivalent mass of a gear pair, i.e. of the mass per unit facewidth of each gear, referred to its
base radius or to the line of action;

J*1 | are the polar moments of inertia per unit facewidth;
rp1,2| are the base radii (= 0,5 dp1 2).
b) Calculatipn of equivalent mass, mqq, Of @ multi-stage gear pair
See anngx A.
c) Calculatipn of equivalent mass, meq, Of gears of less common designs
For information on the following cases, see A.1.2:
— pinign shaft with diameter at mid-tooth depth, d;,,1, about equal to the shaft diameter;
— two figidly connected, coaxial gears;
— one |arge wheel driven by two'pinions;
— plangtary gears;

— idler|gears.

5.6.2.2 Determination of the resonance running speed (main resonance) of a gear pair

a) Resonanpérunning speed, ngq, of the pinion, in reciprocal minutes:

3
neq= 30x10 Cy i )
T Zzq Mred

with Cy from annex B.

b) Resonance ratio, N

The ratio of pinion speed to resonance speed, the resonance ratio, V, is determined as follows.

14 © 1SO 2002 — Al rights reserved
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(8)

The resonance running speed may be above or below the running speed calculated from equation (8) because
of stiffnesses which have not been included (e.g. the stiffnesses of shafts, bearings or housings) and as a
result of damping. For reasons of safety, the resonance range is defined by the following.

Ns<N<1,15

(9)

At loads such that (FiKp)/b is less than 100 N/mm, the lower limit of resonance ratio Ng is determined as

follows:

if (FiK§

N

if (FiK4
N

5.6.2.3

By, Bf and
modificatio

dd
C

Ca

)b < 100 N/mm, then

s =0,5+0,35 /M
bx100

)b = 100 N/mm, then
= 0,85

Gear accuracy and running-in parameters Bp, B, Bk

B, are non-dimensional parameters used to take intecaccount the effect of tooth deviatio
hs on the dynamic load. 3)

C,fpbeff
F{Kp)lb

< [eff
FiKp)lb

¢’ Cy
(FeKa)lb

" frgm annex'B;}

signnamount for profile modification (tip relief at the beginning and end of tooth engage

(10)

(11)

ns and profile

(12)

(13)

(14)

ent). A value

v from running-in shall be substituted for C, in equation (14) in the case of gears without a specified

préfile modification. The value of C,y can be obtained from Table 3.

The effective base pitch and profile deviations are those which are present after running-in. The values of fyy, eff and
f eff are determined by deducting estimated running-in allowances y, and ys as follows:

S ob eff

=Spb1=Yp1 O Soppeft =/ pb2 ™ Vp2

whichever is the greater;

(15)

3) The amount C, of tip relief may only be allowed for gears of accuracy grades in the range 0 to 6 as specified in

ISO 1328-1:

©1S0 2002 -

1995.

All rights reserved
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Siet=Sta1= Vi1 O Sret=/Sfa2= Vi2

whichever is the greater.

5.6.24 Ru

a) For St, St

nning-in allowance, y,
(cast), V, GGG (perl., bai.), GTS (perl.) 4)

160

Vp= Vo= Spb

OHlim

(16)

(17)

Y~
b) For GG,
Vo=
Vi
c) ForEh,]I
Vp

Ve

160

O Hlim

ffa

5GG (ferr.) 4)

v, =0,275 fop

=0,275 fi,

F, NT (nitr.), NV (nitr.), NV (nitrocar.) 4)

=y, =0,075 fpp

=0,075 f%q

5.6.3 Dynamic factor in the subcritical range (V <'Ng)

In this sector,
is slight in th
specified in I

When the cor
the main reso

Resonances
small.

For gear pairs
tooth contact
the line of act

0O 1328-1:1995, accuracy grade.6 or better).

Cy- When this

resonances may exist if the toothimesh frequency coincides with N = 1/2 and N = 1/3. Thg
e case of precision helical or spur gears, if the latter have suitable profile modificatior]

tact ratio of straight spurigears is small or if the quality is of low grade, K, can be just as
hance-speed range. Ifithis occurs, the design or operating parameters should be altered.

bt N = 1/4, 1/5, etC./are seldom troublesome because the associated vibration amplitudes
where the’ stiffnesses of the driving and driven shafts are not equal, in the range N ~ 0,2

frequency can excite natural frequencies when the torsional stiffness ¢ of the stiffer shaft,
onis 'of the same order of magnitude as the tooth stiffness, i.e. if ¢/ry2 is of the order of m

(18)

(19)

(20)

(21)

(22)

risk of this
(gears as

great as in

are usually

to 0,5, the
referred to
agnitude of

s50, dynamic load increments can exceed values calculated using equation (23).

Ky =(NK)+1

K =(Cv1Bp)+(CVZBf)+(CVSBk)

(23)

(24)

where Cy4 and C, allow for pitch and profile deviations, while Cy3 allows for the cyclic variation of mesh stiffness.

See Table 3.

4) See Table

16

2 for an explanation of the abbreviations used.
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Table 3 — Equations for the calculation of factors Cy to C,3 and Cyy

085:2002(E)

1< & < 2 & > 2
Cv1 0,32 0,32
Cv2 0,34 0,57
£, 0,3
Cv3 0,23 0,096
€,-1,56
2
Ca :l M_18,45 +1,5
Y 18\| 97
NOTE When the material of the pinion (1) is different from that of the wheel (2), C,y4 and C,y, arg,€alculated separately: then
Cay = 0,5 (Clyq + Cqyo)-

A value Cy, resulting from running-in shall be substituted for C, in equation (14)’in the case of gg
specified pfofile modification. The value of C,y is obtained from Table 3. Seg annex B for single tooth

5.7 Facg load factor, Ki;g

5.7.1 General

The face Ipad factor adjusts gear tooth stresses, to allow*for the effects of uneven load distribd
facewidth.

Method C2 of ISO 6336-1:1996 with modifications is*used in this International Standard, arranged s¢

ars without a
stiffness ¢'.

tion over the

that account

is taken of the influences on mesh alignment, of elastic deformations of the pinion and of manufacturing

inaccuracigs.

caused by pinion shaft-deflection, but in principle may include all mechanical deflections
evalugted accurately €nough in both amount and direction.

following two

d is primarily
vhich can be

. The actual
e is limited by

— Helix correction is a lead modification which is applied to compensate for the systematic error.

Theoretically,

it is possible to apply a helix correction which exactly matches the calculated deflection for a specific load and
so eliminates the fsn contribution to K for that particular load. In practice, however, varying loads and errors

in the evaluation of fgp, leave a remaining influence on Kg which has to be taken into account.

— Crowning is a lead modification which comprises the best defensive strategy against the rando

m component

of misalignment. Since fi,5 can be in either direction, crowning should be symmetric to the middle of the face

width.
A more exact and comprehensive analysis in accordance with ISO 6336-1 is recommended if the de

match the requirements of 7.2.3.1 of ISO 6336-1:1996, or if any of the following items have significan
mesh alignment:

© 1SO 2002 — All rights reserved
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— elastic deformations not caused by gear mesh forces but by external loads (e.g. belts, chains, couplings);

— elastic deformations of wheel and wheel shaft;

— elastic deformations and manufacturing inaccuracies of the gear case;

— bearing clearances and deflections;

— arrangements different from those shown in Figure 2;

— any manufacturing or other deformations which indicate a need for a more detailed analysis.

When, by thig
However, if tH

increased, be

pring positions changed, helix accuracy improved).

5.7.2 Calcujation of K

The specific Ipad for the calculation of Ky is (FtKaKy)/b.
If (FtKaKy)/b 1 100 N/mm, then Fyn/b = (FtKaK,)/b,

if (FtKaKy)b € 100 N/mm, then F,/b = 100 N/mm.
applies when [Kpp < 2, with ¢, from annex B.

If Knpg > 2, thig International Standard is not applicalle:.

5.7.3 Mesh|misalignment after running-in, 7y
Fpy =Fpq—p
where

Fpx is the mesh misalignment before running-in (see 5.7.4);

B is {he running-in allowance (see 5.7.8).

5.7.4 Mesh

misalignment before running-in, Fpy

method, a value of Kz greater than 2,0 is calculated, the true value will usually be-lesp than this.
e calculated value of Ky is greater than 1,5, the design should be reconsidered (€.g; shaft stiffness

(25)

(26)

5.7.41 General

Fpy is the absolute value of the sum of manufacturing deviations and pinion and shaft deflections, measured in the

plane of actio

18

n.
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5.7.4.2 Custom designed gears (see clause 4)
a) For gear pairs without verification of the favourable position of the contact pattern®):
Fpx=1,33B1fsh + B2 fma (27)
with B4 and B5 taken from Table 4.

b) For gear pairs with verification of the favourable position of the contact pattern (e.g. by adjustment of
bearings)®):

Fly =[133B4/s ~ fiips| (28)
where
fHbs is the maximum helix slope deviation for ISO accuracy grade 5 (see 1SO1328-1:1995).

By subtracting frps, allowance is made for the compensatory roles of elastic-deformation and manufacturing
deviatipns.

5.743 Catalogue enclosed drives (see clause 4)
For catalogue gear pairs with helix corrections and crowning appropriate for the corresponding catalpgue rating or

without helfx modification, use equation (27). In this case, the location of the gear pair, shaft deflectipns, bearings,
overhung Ipads, etc. shall be taken into account ©).

Table 4 — Constants for use in equation (27)

No. Helix modification Equation ponstant
Type Amount B B,

1 None — 1 1
2 Central crowning only Cp= 0,5 fma® 1 0,5
3 Central crowning only Cp=0,5 (fma +/fsh)? 0,5 0,5
4b Helix correction only Corrected shape calculated to match 0,1¢ 1,0

torque being analysed

5 Helix correctien‘plus central crowning | Case 2 plus case 4 0,1¢ 0,5
6 End relief appropriate amount Cy(jy see annex D 0,7 0,7

a8 Appropliat€ erowning, Cp, see annex D.

b Predommantly applied for applications With Constant 1oad Condmions.

¢ Valid for very best practice of manufacturing, otherwise higher values appropriate.

5) With a favourable position of the contact pattern, the elastic deformations and the manufacturing deviations compensate
each other (see Figure 1, compensatory roles).

6) For example, a gear unit is catalogued at 400 kW when using a selection factor of 1,0. Helix corrections and crown are
applied to the gears as per Table 4. There is no verification of favourable contact pattern. The actual power that will be
transmitted at catalogue speed will be less than 400 kW. For the 400 kW condition, Fp, can be calculated per equation (27).
When actual transmitted power is lower than 400 kW, resultant tooth stresses will also be lower, although F, and Ky will be
higher. If the gears in the above unit are also used in other gear units, a nominal amount of crown can be applied to the gear
teeth. This amount of crown is selected to fit all possible locations but is not the optimum crown for each power level and
location. For these conditions, equation (29) may be used.
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Otherwise, for catalogue gear pairs with appropriate helix correction and crowning:

Fax = i[m 75+ 2) frna (29)
dyq !

When using equation (29), the running-in allowance yg equals zero.

5.7.5 Minimum values for K}y

For gear pairs without helix correction or crowning, the minimum value for K is 1,25 for lowest speed stages (also
for single reduction gear drives) and 1,45 for all other stages.

For catalogug enclosed drives with appropriate helix correction and crowning, the minimum value for KH& is 1,10 for
the lowest spged stage (also for single reduction drives) and 1,25 for all other stages. For custom. designed drives
with approprigte helix correction and crowning, the minimum value for K is 1,0.

The minimum| value of Ky defined above applies at all loads, including overloads.

5.7.6 Equivplent misalignment, £

For spur and ingle helical gears:

4 2
fsh=ﬂ.o,023 1+ 18 KN -0,3(+0,3 b (30)
b d?\dsn d4

For double hI:icaI gears, the calculation of fg, is relative to the helix nearest to the shaft end which is driven or

which drives the load:
4 2
f :ﬂ-0,046 1,5+K’Z—Sﬂ -0,3 {+0;3 b—B (31)
sh 2
b di\dsh dy
where
b =2 bg,

bg is fhe width of one helix.

In equations (30) and (31);yK’, s and / are according to Figure 2.

In Figure 2, the piniens shown in dashed lines indicate those helices of double helical gears which have the lower
value of fs, apd-nermal shrink fit (for a normal shrink fit, the supporting effect is negligible). The root diameter shall
be somewhat|greater than the shaft diameter.

5.7.7 Misalignment due to manufacturing inaccuracies, fi5

The misalignment due to manufacturing inaccuracies fma equals the helix tolerance fyg:
Sma = fHp (32)

The greater wheel and pinion value should be used. Theoretically, it is possible that manufacturing tolerances of
pinion, wheel and shaft alignment may sum up to the worst case. Load distribution should be verified by, for
example, contact pattern control.

20 © 1SO 2002 — Al rights reserved
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Figure Position of contact pattern Determination of F,
a) Contact pattern lies towards mid-bearing span Fpx in accordance with equation (28)
(compensatory)
LT AL
T |1 T
p— N
b) Contact pattern lies away from mid-bearing span Fpy in accordance with equation (27) (additive)
A P A
T 1 T
—_—A 1
c) Contact pattern lies towards mid-bearing span Fpy in accordance with equation (27)
IK'| - 1 - sld42 (d4/dgn)* < B* (additive)
J_, J_, T Fpy iMaccordance with equation (28)
T IK\: 1+ sld42 (dq/dgn)* > B* (compemsatory)
T 1 T
—_—A
d) Contact pattern lies away from mid-bearing span Fpy in accordance with equation (37)
IK'| - 1 - sld42 (d4/dgn)* = B*~ 0,3 (additive)
J_, J_, ik Fpy in accordance with equation (28)
T K| - 1 - sldy2 (dy/dgn)* < B* — 0,3
T 1 T (compensatory)
—_—A 1
e) Contact pattern lies towards the bearing Fpx in accordance with equation (27) (additive)
L L7
T T L
p— .
f) Contact pattern lies away from the bearing Fpy in accordance with equation (28)
| | (compensatory)
L L
—_—A
a)tod) are the most common mounting arrangement with pinion between bearings; e) and f) have overhung pinions;
T is the input or output torqued end, not dependent on direction of rotation;
B =1 for spur and single helical gears; 1,5 for double helical gears. The peak load intensity occurs on the helix
near to the torqued end. See also 7.6.2.

© 1SO 2002 — All rights reserved
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Factor K’
with without Figure Arrangement
stiffening®
0,48 0,8 a) s
AR L
11l
/2 /2
| |
with s/1 < 0,3
-0,48 -0,8 b) s
LT L 1
11l
/2 /2
| |
with s// < 0,3
1,33 1,33 c)
l
L | L
I
{ s
| |
with s/1 < 0,5
-0,36 -0,6 d) s
It | {4
TLl T
/2
with s/1 < 0,3
-0,6 -1,0 e) s
Lt | 1
TLl I
/2
with s/1 < 0,3

T* is the input or output torqued end, not dependent on direction of rotation.
The dashed line indicates the less deformed helix of a double helical gear.

Determine f,, from the diameter in the gaps of double helical gearing mounted centrally between bearings.

@8  When dq/dgp, > 1,15, stiffening is assumed; when d/dgp, < 1,15, there is no stiffening; furthermore, scarcely any or no stiffening at all is
to be expected when a pinion slides on a shaft and feather key or a similar fitting, nor when normally shrink fitted.

Figure 2 — Constant K’ to be substituted in equations (30) and (31) for the calculation of /g,

22 © 1SO 2002 — Al rights reserved


https://standardsiso.com/api/?name=ef0d55ad0ec55782a664adc260fb038a

5.7.8 Running-in allowance, yg

a) For St, St (cast), V, GGG (perl., bai.) and GTS (perl.)"):

320

ISO 9085:2002(E)

yg= - Fpx (33)
with g < Fpx
when v < 5 m/s: no restriction
when $ m/s <v < 10 m/s: the upper limit is yg = 25 600/ H jim, corresponding to Fy =.80,Lim
when ¥ > 10 m/s: the upper limit is yg = 12 800/0  jim, corresponding to =40 im
b) For GG and GGG (ferr.)?):
vp|= 0,55 Fpx (34)
when ¥ < 5 m/s: no restriction
when P m/s <v <10 m/s: the upper limit is yg = 45 pm, carresponding to Fgy =80 pm
when ¥ > 10 m/s: the upper limit is yg = 22 pm, corresponding to Fgx =40 um
c) ForEH, IF, NT (nitr.), NV (nitr.) and NV (nitrocar.)?):
vp|= 0,15 Fpx (35)

For all|speeds, the upper limit is yg = 6 um;.corresponding to Fgx = 40 ym

When the material of the pinion differs from that of the wheel, yg1 for the pinion and yg for the wheel are to be

deternmined separately.

The mean of the values

y}z(nn;ym)

is used for the ‘calculation.

5.8 FacT load factor, Krg

(36)

N
Kpp = KHBF

If b/h > 3 then

_ (b1 h)? _ 1
NF= 2 2
14b/h+(blh)Y? 1+hlb+(hib)

7) See Table 2 for an explanation of the abbreviations used.

© 1SO 2002 — All rights reserved
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If b/h < 3 then

N = 0,692 3 (39)
where

b is the facewidth (see 4.4);

h is the tooth height from tip to root: 4 = (dg — dy) / 2.

5.9 Transverse load factors, K., K,

5.9.1 General

The transverde load factors account for the effect of the non-uniform distribution of transverse,l6ad betwégen several
pairs of simulfaneously contacting gear teeth as follows 8):

a) Values K|, and K¢, for gears with total contact ratio &, < 2

_ _&y ey (fpb = Vo)
Kyl=Kgy =—10,9+0,4 ————= 40
Ho Fa 2 ( Fiy /b ( )
b) Values K}, and K, for gears with total contact ratio ¢, > 2
2(g,—1 -
KHO(=KFQ=O,9+O,4 (gy ) Cy(fpb y(x) (41)

&y Fin /b
where the following are to be determined:
¢y Mmesh stiffness in accordance with Annex B;
fob [he larger of the base pitch deviations of pinion or wheel should be used; 50 % of this tolgrance may
:;(?/el,llgfd, when profile modifications compensate for the deflections of the teeth at the jctual load

Vo funning-in allowanhce'as specified in 5.9.4;

Fiy peterminanttangential load in a transverse plane, Fiy = FtKaKyKyg.

5.9.2 Limitihg conditions for K,

When, in accerdance-with-equation{(40)-or-(41)

&y

Kipg > 2L 42)
Eo Zg

8) Equations (40) and (41) are based on the assumption that the base pitch deviations appropriate to the gear accuracy
specified are distributed around the circumference of the pinion and wheel as is consistent with normal manufacturing practice.
They do not apply when the gear teeth have some intentional deviation.

9) The base pitch deviation f,y, accounts for the total effect of all gear tooth deviations which affect the transverse load factor.
If, nevertheless, the profile form deviation f, is greater than the base pitch deviation, the profile form deviation shall be taken
instead of the base pitch deviation.
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€y
Eol ¢

5 and when Ky, < 1,0, then for Ky, substitute 1,0 as the limit value.

5.9.3 Limiting conditions for K¢

If, in accordance with equation (40) or (41),

KEq >i2
Ea Yg
then for Kg|, substitute i and when K¢, < 1,0, then for Kr, substitute 1,0 as the limit value
EaY ¢
where
Y, =0|25 +0’j
€an
with g, defived from equation (95).
With limiting values in accordance with equations (42) and (43);.the least favourable distributi
assumed, implying that the entire tangential load is transferred by*only one pair of mating teeth. Fur]
recommengled that the accuracy of helical gears be so chosenthat Ky, and Kg, are not greater
consequenge, it may be necessary to limit the base pitch devijation tolerances of gears of coarse accu

5.9.4 Runpning-in allowance, y,

The value

(43)

(44)

bn of load is
hermore, it is
than ¢,. As a
racy grade.

o, is the amount by which the initial\base pitch deviation is reduced by running-in from the start of

operation; ., does not account for an allowance-due to any extent of running-in as a controlled measure, being part
of the production process (e.g. lapping). This_adjustment shall be taken into consideration when cgnsidering the
gear quality.
The running-in allowance y, may becalculated using equations (45) to (48).
a) For St| St (cast), V, GGG (perl, bai.) and GTS (perl.)10):
- fh (45)
when ¥ < 5 m/s: no restriction
when ST/s <V < TOMIS: the upper fimitof 3, 1512800760 |jm corresponding 10/, = 80 0
when v > 10 m/s: the upper limit of y, is 6 400/0 |jm corresponding to fop = 40 um
b) For GG and GGG (ferr.)10):
Ya = 0,275fpp (46)
whenv < 5 m/s: no restriction
10) See Table 2 for an explanation of the abbreviations used.
© 1SO 2002 - All rights reserved 25


https://standardsiso.com/api/?name=ef0d55ad0ec55782a664adc260fb038a

ISO 9085:2002(E)

when 5 m/s <v <10 m/s:

the upper limit of y, is 22 ym corresponding to f,, = 80 ym

10 m/s: the upper limit of y, is 11 ym corresponding to f,, = 40 ym

For Eh, IF, NT (nitr.), NV (nitr.) and NV (nitrocar.) 10):

0,075/

for all velocities, but with the restriction: the upper limit of y, is 3 ym corresponding to f,p, = 40 ym

(47)

When the materials differ, y,4 should be determined for the pinion material and y,» for the wheel. The average

when v >
c)
Yo =
value is U
Yo
6 Calculs
6.1 Basic
6.1.1 Genel

The calculatig
point of singlq
of oy and the
than or equal

sed for the calculation:

:yOL1+y0(2
2

tion of surface durability (pitting)
formulae

al

n of surface durability is based on the contact stress;, oy, at the pitch point or at the inn
pair tooth contact. The higher of the two values abtained is used to determine capacity.
permissible contact stress, opyp, shall be calculated separately for wheel and pinion; oy s

to onp.

6.1.2 Determination of contact stress, oy, for the pinion

Contact stres

OH= ZH

with

OHO = /]

5 oy for the pinion is calculated as

<

X

oHo KA Kv KHp KHo < @HP

Kt u+1
d’]bH u

HZEZe¢Zp

(use the neggtive sign. for internal gears)

where

(48)

er (lowest)
The values
hall be less

(49)

(50)

by

application of static nominal torque;

is the facewidth (see 4.4);

is the single pair tooth contact factor for the pinion (see 6.2).

6.1.3 Determination of contact stress, oy, for the wheel

Contact stress oy for the wheel is calculated as

26

is the nominal contact stress at the pitch point: this is the stress induced in flawless (error-free) gearing
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<

O-H=ZDO-H0\/KAKVKHBKH(1 S OHP (51)

where

Zp s the single pair tooth contact factor for the wheel (see 6.2).

The total tangential load in the case of gear trains with multiple transmission paths, planetary gear systems or split-
path gear trains is not quite evenly distributed over the individual meshes (depending on design, tangential speed
and manufacturing accuracy). This shall be taken into consideration by substituting K,Ka for Ka in equation (49)

and equation (51) to adjust the average tangential load per mesh as necessary (see clause 5).

6.1.4 Determination of permissible contact stress, opp
6.1.41 Method
In this Intefnational Standard, Method B of ISO 6336-2:1996 is used.
| oHlim ZN _ OHG
OHPT— — ZLZvZRZW ZX= (52)
SHmin Hmin

6.1.4.2 Permissible contact stress (reference), oyp ref
The permigsible contact stress (reference), oyp ref, shall be derived from equation (52), with Zy = 1 and appropriate
values of o lim» ZL, Zvs ZR, ZW> ZxX> SH min-
6.1.4.3 Permissible contact stress (static), oyp stat
The permigsible contact stress (static), opp stat, Shallbe determined in accordance with equation (52), with
ZN = ZnT fdr static stress according to 6.8 and appropriate values of oy |im: ZL, Zv, ZR, ZW» ZX> SH min-
6.1.4.4 Permissible contact stress (1010 cycles), onp 10
The permigsible contact stress (1010 cycles), onp 10, shall be determined in accordance with equation (52), with
ZN = ZnT fdr 1010 Joad cycles according to 6.8 and appropriate values of oy jim, ZL, Zv: ZR» ZW> ZX, SH thin-
6.1.4.5 Permissible contact stress, oyp, for limited or long life
The limited| life range is that where the number of load cycles N lies between the value corresponding to the static
allowable gnd the valuescorresponding to the reference allowable listed in Table 6 (see Figure 3).
The long-life range<is) ‘that where the number of load cycles N| lies between the value corresppnding to the
reference gllowablelisted in Table 6 and 1010 load cycles (see Figure 3).
— oyp fgr@@agiven number of load cycles N in the limited life range is determined by graphical|or calculated

interpolation (on a log-log scale) between the value obtained for reference sitrength in accordance with 6.1.4.2
and the value obtained for static strength in accordance with 6.1.4.3.

oyp for a given number of load cycles N, in the long life range is determined by graphical or calculated

interpolation (on a log-log scale) between the value obtained for reference strength in accordance with 6.1.4.2
and the value obtained for 1010 load cycles in accordance with 6.1.4.4.

Values of the permissible contact stress, opp, for more than 1010 load cycles have not been established.

©1S0 2002 -
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Static Limited life Long life

Permissible contact stress, opp

i ME, MX
! ma
% |

|
10° 10 10° 106 10’ 108 10° 1
Number of load cycles, N/ (log)

Figufe 3 — Graphical determination of permissible contact stress for limited and long life| —
Example: Permissable contact stress, opp, for 107 load cycles.

6.1.5 Safety factor for surface durability; Sy

Sy shall be cdlculated separately for-pinion and wheel.

(o2
SH=_I-Q>SHmin
oH

(53)

with ong for feference.and static stresses, according to equation (52) and 6.1.4; oy shall be in accoidance with
equation (49)[for the_pinion and with equation (51) for the wheel (see 6.1).

NOTE This Gisythe calculated safety factor with regard to contact stress (Hertzian pressure). The correspgnding factor
relative to torqueTapacity isequattothesquare of Si-

For the minimum safety factor for surface durability, Sy min, See 6.12.

6.2 Single pair tooth contact factors, Zg, Zp

When Zg > 1 or Zp > 1, the factors Zg and Zp are used to transform the contact stress at the pitch point of spur
gears to the contact stress at the inner (lowest) limit of single pair tooth contact of the pinion and the wheel,
respectively. See the introduction to 6.1.

a) Internal gears

Zp is always to be taken as unity.
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b) Spur gears

Determine M4 [quotient of o ¢ at the pitch point by g g at the inner limit (lowest point) of single tooth pair

contact of the pinion] and M> (quotient of pre| ¢ by prel D Of the wheel) from

M= tanawt
1= -
df ., 2n|||ddH . . . 2n
1 2 1 — (g4, —1)
d p1 z1 | [V b2 z2
tana. .
M2 Wil
d 2 2 d2 2
a2 £ a1 _ _1\ T
12 1 R ()
d b2 22 || Vd b1 21

(See 6.5.2 for the calculation of the profile contact ratio &)

If M4 >{1 then Zg = M4 if My <1thenZg=1,0

if Mo >|1 then Zp = M> if Mo < 1thenZp=1,0
c) Helica| gears with &5 > 1

Zg=2Zp=1

d) Helica| gears with g5 < 1

(54)

(59)

Zg and Zp are determined by linear interpolation between the values for spur and helical gearing yith &3 > 1:

N

B=M1—¢ep(M1-1); Zp=1
Zp=M2-eg(M2-1); Zp=1

If Zg or Zp are set to unity, the contact stresses calculated using equations (49) or (51) are the
contact str¢ss at the pitch cylinder.

(56)

alues for the

The methofs in 6.2 apply te the calculation of contact stress when the pitch point lies in the path of contact. If the

pitch point
at the adjgcent tip circle. For helical gears when ¢ is less than 1,0, Zg and Zp are to be determ
interpolation between the values (determined at the pitch point or at the adjacent tip circle as approp
gears and {hose helical gears with g5 > 1.

6.3 Zon

The zone factor, Zy, accounts for the influence on Hertzian pressure of tooth flank curvature at the p
transforms the tangential force at the reference cylinder to normal force at the pitch cylinder.

_ |2cos B, COS a
ZH= > -
COS“ ary SiN &y

© 1SO 2002 — All rights reserved

is determinantvand lies outside the path of contact, then Zg and/or Zp are to be determinged for contact

ned by linear
riate) for spur

itch point and

(57)
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6.4 Elasticity factor, Zg

The elasticity factor, Zg, takes into account the influences of the material properties £ (modulus of elasticity) and v
(Poisson's ratio) on the contact stress.

Numerical values are given in Table 5.

Table 5 — Elasticity factor, Zg, for some material combinations, mean values

Wheel 1 Wheel 2
Modulus of | Poisson's Modulus of | Poisson's Ze
Material? elasticity ratio Material® elasticity ratio \/* 2
N/mm?2 v N/mm?2 v N/mm
St, V, Eh, NT (nitr.),
NV (nitr.), NV 206 000 189,8
(nitrocar.)
St (cast) 202 000 188,9
St, V, Eh,NT .
(nitr.), NV (hitr.), 206 000 GGG gperl., bai., 173 000 181,4
NV (nitrocpr.) err.)
GTS (perl.) 170000 1805
126 000 165.4
GG to to
118 000 162,0
St (cast) 202 000 188,0
0.3 GGG §pe”" bai., 173 000 0.3 180,5
St (cast 202 000 ert,)
GTS (perl.) 170 000 179,7
GG) 118 000 161,4
GGG ge’fr”) bai., 173 000 1739
GGG (perl. |bai., 173 000 i
ferr.) GTS (perl.) 170 000 173,2
GG 118 000 156,6
GTS (perl.) 170 000 172,4
GTS (pefl.) 170 000
GG 118 000 1156,1
126 000 to
GG 118 000 GG 118 000 146,( to 143,7
@  See Table|2 foran explanation of the abbreviations used.

6.5 Contact ratio factor, Z.

6.5.1 General

The contact ratio factor, Z., accounts for the influence of the transverse contact and overlap ratios on the surface
load capacity of cylindrical gears.

a) Spur gears:

4-¢,

3

Ze= (58)
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The conservative value of Z, = 1,0 may be chosen for spur gears having a contact ratio of less than 2,0.

b) Helical gears:

Ifaﬁ<1then
_ 4_‘90c EB
ZS\/ 3 (1—513)*5

IfsB>1then

1

Zg: -

€a

6.5.2 Transverse contact ratio, &,

0Q

(u
transv
p

Equation (4
not, for exg

o ! Pot

of path of contact:

2 2 2 2 ;
x:%|:\/ da1 _db1 i\/ daz _db2 }—asmawt
5e the positive sign for external gears, the negative sign for internal gears)
brse base pitch:
bt =m¢ TCOS ¢

2) is only valid if the path of contact is effectively limited by the tip circle of the pinion and
mple, by undercut tooth prdafiles.

6.5.3 Overlap ratio, g

L

EB—

6.6 Heli

The helix a

L, sin g
mp

x angle factor, Z

hdle factor, Zg, takes account of the influence on surface stress of the helix angle.

Zg = \Jcos 8

6.7 Allowable stress numbers (contact), oy |im

(59)

(60)

(61)

(62)

(63)

he wheel and

(64)

(65)

ISO 6336-5 provides information on commonly used gear materials, methods of heat treatment and the influence of
gear quality on values for allowable stress numbers, oy |im, derived from test results of standard reference test

gears.

Also see 1SO 6336-5 for requirements concerning material and heat treatment for qualities ML, MQ, ME and MX.

Material qu

©1S0 2002 -

ality MQ shall be chosen for industrial gears, unless otherwise agreed.

All rights reserved

31


https://standardsiso.com/api/?name=ef0d55ad0ec55782a664adc260fb038a

ISO 9085:2002(E)

6.8 Life factor, ZNT

Method B of ISO 6336-3:1996 is used in this International Standard. Values for ZyT are as listed in Table 6.

Table 6 — Life factor, Zyt

Material® Number of load cycles Life factor Zyr
St, St (CaSt), V, NL < 6 x 105 (StatiC) 1,6
GGG (perl. bain.), 407
GTS (perl.), N =10 1.3
B N =109 (reference) 1,0
-(T\ob
Only When a certain ME, MALY
degree of pitting N_=1010 MQ:0,92
is permissible
ML: 0,85
N_ < 105 (static
St,[st (cast), V, - (static) 16
GGG (perl. bain.), N_ =5 x 107 (reference) 1,0
gTs (perl.),
Eh, IF ME: 1,0°
No pitting N_ = 1010 MQ: 0,92
is permissible
ML: 0,85
N < 105 (static) 1,3
- 6
GGl GGG (ferr), N =2 x 106 (reference) 1,0
NT (nitr.), ME: 1,0°
NV (nitr.) ’
N =1010 MQ: 0,92
ML: 0,85
N < 105 (static) 1,1
N =2 x 106 (reference) 1,0
NY (nitrocar.) ME: 1.0°
N, =1010 MQ: 0,92
ML: 0,85
@8  See Table|2 for an explanation of abbreviations used.
b Optimum Ipbrication, manufacturing and experience supposed.

6.9 Influences on lubrication film formation, 7, Z, and Zr

6.9.1 General

As described in ISO 6336-2, 7 accounts for the influence of nominal viscosity of the lubricant, Z,, for the influence
of tooth-flank velocities and Zg for the influence of surface roughness on the formation of the lubricant film in the
contact zone. Method C of ISO 6336-2:1996 is used in this International Standard.

The viscosity of the lubricant shall be chosen to suit the operating conditions (pitch line velocity, loading, size), so
that the product Z Z, will be approximately 1,0.
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Depending on the flank surface roughness associated with the manufacturing process used, it is assumed that the
remaining factor Zg is of almost constant value.

6.9.2 Product 7 Z,Zr for reference strength and long life

— For gears which are hobbed, shaped or planed, or which do not meet the following three conditions:

2\ ZyZr = 0,85

— For gears with lapped, ground or shaved teeth and mean relative peak-to-valley roughness, Rz1q:

4

— For ge
Rz10 <

4

20(dp +d
o = Rt Rea g (dp1+dp2) ~ 4pm
2 tanawtdmdbz
7,7r = 0,92

ar pairs in which one gear is hobbed, shaped or planed and the mating{gear is ground o
4 um:

7,7% = 0,92

— For ground or shaved gearing with Rz1g < 4 pm:

Z

Z,Zr = 1,0

6.9.3 Product 7 7,7y for static strength

QW ZZRr =1

6.10 Wor
As describsg
meshing a
more) hard
this Internal
if HB < 130

Zw =1

if 130 < HH

0 applies for static strength in all cases.

k hardening factor, Zyy

bd in 1SO 6336-2, the work hardening factor Zyy takes account of the increased surface du
steel wheel (structural steelythrough-hardened steel) with a pinion which is significantly
er than the wheel and with-smooth tooth flanks (Rz < 6 ym, otherwise effects of wear are n
tional Standard). Methed B of ISO 6336-2:1996 is applied, as follows:

then

2

< A470then

Zw =1

HB -130

12 -
1700

If HB > 470 then

Zyw =1

0

where HB is the Brinell hardness of the tooth flanks of the softer gear of the pair.

©1S0 2002 -
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shaved, with

(69)

(70)

rability due to
(200 HB or
ot covered by

(71)

(72)

(73)
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6.11 Size factor, Zx

By means of Zx, account is taken of statistical evidence indicating that the stress levels at which fatigue damage
occurs decrease with an increase of component size (larger number of weak points in structure), as a consequence
of the influence on subsurface defects of the smaller stress gradients which occur (theoretical stress analysis) and
the influence of size on material quality (effect on forging process, variations in structure, etc.). Important influence

parameters are:

a) material quality (furnace charge, cleanliness, forging);
b) heat treatment, depth of hardening, distribution of hardening;
c) radius offflank curvature;
d) module +in the case of surface hardening, depth of hardened layer relative to the, size of jeeth (core

supporting-effect).
For through-hardened gears and for surface-hardened gears with adequate case depth felative to tooth size and
radius of relatjve curvature, the size factor, Zx, is taken to be 1,0.
6.12 Minimpm safety factor (pitting), SH min
For general agpects concerning safety factors, see clause 4; for calculation of actual safety factor (pitting), Sy, see
6.1.5. If not otherwise agreed between manufacturer and user, the following minimum safety factor (pitting), SH min,
shall be appli¢d:

SHmin= 1.0 (74)
7 Calcul3tion of tooth bending strength
7.1 Basic formulae
7.1.1 General
As described fin ISO 6336-3, the maximum tensile stress at the tooth root may not exceed the permissible bending
stress for the material. This is the (basis for rating the bending strength of gear teeth.
The actual topth-root stress,“or, and the permissible bending stress, orp, shall be calculated separately for pinion
and wheel; of shall be less'than orp.
7.1.2 Determination of tooth root stress, or
In this Internal?onal Standard, Method B of ISO 6336-3:1996 is used.
Tooth root stress of is calculated

oF = oro Ka Ky Krg KFo < OFP (75)
with

F
oF0 = L yeysyp (76)
FMn

where
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is the nominal tooth-root stress: this is the maximum local tensile stress produced at the tooth-root when
an error-free gear pair is loaded by the static nominal torque;

is the facewidth (see 4.4).

The total tangential load in the case of gear trains with multiple transmission paths, planetary gear systems, or split-
path gear trains is not quite evenly distributed over the individual meshes (depending on design, tangential speed
and manufacturing accuracy). This is to be taken into consideration by substituting K,Ka for Ka in equation (75) to
adjust the average tangential load per mesh as necessary; see clause 5.

7.1.3 Det

ermination of permissible tooth root stress, orp

7.1.31

Equation (%

OFP =

7.1.3.2

To evaluat
values of ¢

7.1.3.3

To evaluat
according t

7134

To evaluat
cycles accq

71.3.5

The limited
allowable 4

Seneral

7) shall be used for the determination of the permissible tooth root stress.

Permissible tooth root stress (reference), orp ref

b the permissible tooth root stress (reference), orp ref, Us€ equation (77) with Yy =1 an
FE, Ysrel T, YRrel T, Yx @nd Sk min.

Permissible tooth root stress (static), orp stat

e the permissible tooth root stress (static), ogp stat, US€ equation (77) with Yy = YnT fO
p 7.5 and appropriate values of ofg, Y5rel T, ¥R'rel T Yx @nd Sk min-

Permissible tooth root stress (1010 load cycles), orp1g

b the permissible tooth root stress~(1010 load cycles), orp1g, Use equation (77) with Yy
rding to 7.5 and appropriate values of org, Ysrel T, YR rel T, Yx @nd SE min-

Permissible tooth root stress, orp, for limited or long life

life range is that where the number of load cycles N, lies between the value correspondin
nd 3 x 106 load-cyeles.

range is-that where the number of load cycles N, lies between 3 x 106 and 1010 load cyc

d appropriate

r static stress

- YT for 1010

g to the static

eS.

or calculated
e with 7.1.3.2

orp for a given number of load cycles N, in the long life range is determined by graphical or calculated

interpolation (on a log-log scale) between the value obtained for reference strength in accordance with 7.1.3.2
and that obtained for 1010 load cycles in accordance with 7.1.3.4.

Values of the permissible tooth root stress, orp, for more than 1010 cycles have not been established.

7.1.4 Safety factor for bending strength, Sg

The factor Sk shall be calculated from the following equation:

©1S0 2002 -
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o
sp=2FS

OF

= SFmin

(78)

Sk is calculated separately for the pinion and wheel, with opg calculated in accordance with equation (77) and
7.1.3, and o from equation (75).

More information on safety factor and probability of failure can be found in ISO 6336-1:1996, 4.1.3. For the
minimum safety factor for bending strength, Sg min, see 7.9.

7.2 Form factor, Yr, and stress correction factor, Yg

7.21 Gener

These are th
account. Yr a

For helical ge
spur gears.

The equation

restrictions:

a) the contg
b) the basic
c) theteeth

al

b factors by means of which the influence of tooth form on nominal bending, stress is
nd Yg are determined separately for pinion and wheel. For more information see)ISO 6336-

ars, Yr is determined for the equivalent virtual spur gear. See 7.2.2.4 for the parameter

5 given below apply for all basic rack tooth profiles, with or withoub undercut, but with th

ct point of the 30 ° tangent lies on the tooth-root fillet;
rack profile of the gear has a root fillet;

were generated using tools such as hobs or planer-cutters having rack form teeth.

7.2.2 Determination of Y¢

7221 Ge

The form fact
bending mom

heral

por, Yr, is determined from the ‘normal chordal dimension sgp, of the tooth-root critical sect
ent arm /ige relevant to load application at the external gear tooth tip using the following eq

e CoS aFen

N

2
= j cos a,

ernal .gearing

taken into
3.

5 for virtual

e following

on and the
Lation.

(79)

6

YF =_1

SF

m

7222 Ex
If the tip of

ha“tanth haoo hann ratinAdAA Ay A omafarad cocaar ranlaoeca tha $+in Aiomaa

1l Hic no vt H
e —tO0t T Tas— OC T TOUTOCTU— U Criam ot 1o Tl Soary to— o pracC— o —upo—Grarote

dy in the

calculation, by dy, the “effective tip diameter”; dy, is the diameter of a circle near the tip cylinder, containing limits of
the usable gear flanks.

Firstly, determine the auxiliary values E, G, and H:

e
E=—m
4N

where

Spr
os an,

Ptp

—hptana, +
4 cos ap,

—(1-sina,)

spr = pr — q (see Figure 4)

36
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spr =0 when gears are not undercut (see Figure 4)

h
G= P _"P

m

n

Next, use G and H together with = 7 /6 as a seed value (on the right-hand side) in equation (83).

=24

Zn
Use the ne
change in
value of @i

Tooth-root

SFn _

mn

Radius of rf

Bending m
hre 2
mn

See 7.2.2.4

7.2.23

It is assum
form factor
that it woul
gear. The t

Internal gearing

[ tang — H

wly calculated ¢ and apply equation (83) again. Continue using equation (83) untiDthere is
successive values of 6. Generally, the function converges after two or threeyiterations.
N equations (84), (85), and (86).

hormal chord, spp:

z, Sin L) +3 _G _pe
3 cosf  mnp
bot fillet, pE:
2
9£+ 2G

fnn - cos 6 (zp, cosze—ZG)

bment arm, Age:

G

_G 4P
cos

mn

0,5 | (cosy,—siny, tanagen) den _ zp, COS
mn

e ]

for parameters for the virtual gear.

ed that the.value of the form factor of a special rack can be substituted as an approximat
of an internal gear. The profile of such a rack should be a version of the basic rack profil
d generate the normal profile, including tip and root circles, of an exact counterpart gear
pAoad angle is «;.

(83)

no significant
Use this final

(84)

(85)

(86)

e value of the
b, so modified
pbf the internal
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The values to

Tooth-root no

anZ =2
mn

where

m, (/L) |
5

o, |\ |

. \\ p\" |

NS Sor_ !

|

\ | £

r

|

S |

Figure 4 — Basic rack profile of protuberance rack
be used in equation (79) are determined as follows.

'mal chord, sgp2:

L hP2T P2 o, P27 Ser P2 (T
n
4 Mn mnCOS&pn  mn

pip2 is fhe tool radius (see below)

Bending mom

ent arm, Aggo:

hFe2 _ dlen2 —din2 _ {E + [hfPZ _(degn2— dfnZJtan ap }tan an — P2 (1 —sin E)
mn 2 mn 4 My 2m mn 6

with

den2 to pe derived from equation (100) with parameters having 2 added to the subscripts

dinp  to pe detived in the same way as dap, [equation (99); note that dinp — dip = dno — do]
and

hipo= dn2—d2

2

Root fillet radius pgo:

(87)

(88)

(89)

When the root fillet radius of an internal gear tooth, pgo, is known, it shall be used for pspo. When it is not known,
the following approximation may be used:

Pr2 = P2 = 0.15my,

This shall be validated.

38
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PiP2 =

where

dnf

ISO 9085:2002(E)

hip —hnp — dnpe —di

1-sina  2(1-sina,)

(91)

represents the diameter of a circle near the tooth-roots, containing the limits of the usable flanks of an

internal gear or the larger external gear of a mating pair. For internal gearing, diameters have a negative
sign.

7224

Parameters for virtual gears

Pp=4a

Zn —

(@)

Approximati

Ppn~

dbnzt

dan=(

den

The numbs

Fccos \/1 —(sin Bcos ap)? = arcsin(sin fcosa, )

z
bs? By, Cos f3

{7 o] ()

r of teeth z is positive for external gears and negative for internal gears (see footnote a in 7]

z

| ]

nd cos f cos a, (e
on

| 2]

Lg

Qen =

_ 0,51 + 2tanapx

arccos Lmj
en

Ve

QFen

7.2.3 Det

=0gn — Ve = tAnag, —inva, -

+ inva, - invage,
Zn

0,57 + 2tanapx

Zn

ermination of Yg

able 1).

The stress correction factor Yg is calculated using equation (104), which is applicable in the range 1 < g5 < 8.

©1S0 2002 -

All rights reserved

(92)

(93)

(94)

(95)

(96)

(97)
(98)

(99)

(100)

(101)

(102)

(103)
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[1/(121+23/L)]

Ys=(1,2+0,13L)qq (104)
where
L=2Fn (105)
hre
with

sgn from equation (84) for external gears and equation (87) for internal gears;

hpe from|equation (86) for external gears and equation (88) for internal gears.

g = SF1 (106)
2py

with

pE from equation (85) for external gears and equation (91) for internal gears.

7.3 Helix gngle factor, Y3
The tooth-rogt stress of a virtual spur gear, calculated as a preliminary value, is converted by means pf the helix
factor Yj to that of the corresponding helical gear. By this means, the oblique orientation of the lings of mesh
contact is taken into account (lesser tooth-root stress).

If gg>1and 4 < 30 ° then

B

)/[;:1—3200 (107)
If gg>1and 4> 30 ° then

Yg=0,79 (108)
If g <1 and g < 30 ° then

YB:“EBQﬂOO (109)
If g5 <1 and $5-30 ° then

Yp=1-0,25 g (110)

7.4 Tooth-root reference strength, o g

ISO 6336-5 provides information on values of ofi, and org, for the more popular gear materials. The requirements
for heat treatment processes and material quality for quality grades ML, MQ and ME are also included.

The quality MQ is used for industrial gears unless otherwise agreed. Method B from ISO 6336-3:1996 is used in
this International Standard.
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7.5 Life

Factor, Yyt

ISO 9085:2002(E)

Method B from 1SO 6336-3:1996 is used in this International Standard. Values for YT are given in Table 7.

Table 7 — Life factor, Yyt

Material® Number of load cycles Life factor Yyt
N_ < 104 (static) 2,5
v, N_=3x106 1,0
GGG (pert—baim.); ME. MX: +-0
GTS (perl.) ! 1
N_=1010 MQ:0,92
ML:0,85
N_ < 103 (static) 2,5
N_=3x106 1,0
Eh, IF (root) ME: 1.0P
N =1010 MQ: 0,92
ML: 0,85
N_ < 103 (static) 1,6
St, St (cast), N_=3x 106 1,0
NT (nitr.), b
NV (nitr.), ME: 1,0
&G, GGG (ferr.) N =010 MQ: 0 92
ML: 0,85
N < 103 (static) 1,1
N_=3x106 1,0
NV (nitrocar.) ME: 1.0°
N_=1010 MQ: 0,92
ML: 0,85
2  See Taple 2 for an explanation of the abbreviations used.
b Optimum manufacturing and experience supposed.
7.6 Relative notch sensitivity factor, Y5 o/ T

7.6.1 General

Ys rel T indicates, approximately, the overstress tolerance of the material in the root fillet region. In this International
Standard, Method B of ISO 6336-3:1996 is used.

7.6.2 Yj5 g T for reference and long life stresses

Y5 rel T €an be calculated using equation (111).

© 1SO 2002 — All rights reserved
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Ys _ 1"'\/,0'}(*

YorelT =5 == = (111)
oT 1+ A 'p' ZT
The slip-layer thickness o can be taken from Table 8 as a function of the material.
The relative stress gradient can be calculated using the equation (112) 11):
2" =xp(1+245) (112)
with
o
xp 5
The value of y1* for the standard reference test gear is obtained similarly by substituting gg1= 2,5 for g5 |in equation
(112).
Table 8 — Values for the slip layer thickness @)
Material® p1Imm]
GG; op = 150|N/mm? 0B124
GG, GGG (fefr.); og = 300 N/mm2 0,809 5
NT, NV; for all hardness 0,100 5
St; g = 300 N/mm?2 0,p83 3
St; og = 400 N/mm?2 0,p44 5
] i) - 2
V, GTS, GG( (perl. bai.); og = 500 N/mm 0b2s 1
V, GTS, GG( (perl. bai.); og = 600 N/mm2 0,019 4
V, GTS, GG( (perl. bai.); op o = 800 N/mm?2 0,p06 4
V, GTS, GG (perl. bai.); oy » = 1000 N/nim? 0,pot4
Eh, IF(root); fpr all hardnesses 0,003 0
@  See Table|2 for explanation of abbreviations used.
7.6.3 Yj e T/for static.stress
Ys rel T Can be| calculated using equations (113) to (117).
a) For steel with a well defined yield point, St12) :
4
140,93 (vs-1) |20
Ysre s (113)

IT= 4
1+0,93 200
Os

11) Applies for module m = 5 mm. The influence of size is covered by the factor Yy (see 7.8).
12) See Table 2 for an explanation of the abbreviations used.
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b) For steel with a steadily increasing elongation curve and 0,2 % proof stress, steel V and cast iron GGG (perl.,

bai.) 12):
4
14082 (vo—1) |20
o
YsrelT = 300 o2
1+0,82 —_—
002

c) For steel Eh and IF(root) with stress up to crack initiation2):

(114)

Ydrei T=0,44 Ys + 0,12
d) For stgel NT and NV with stress up to crack initiation12):
Ygrel 7= 0,20 Y5 + 0,60
e) For captiron GG and GGG (ferr.) with stress up to fracture limit12):
YdreiT=1.0
7.7 Relgtive surface factor, YR ¢/ T
7.7.1 General
The surfacg factor, YR (el T, accounts for the influence onsooth-root stress of the surface conditio

roots. Prim
The influen
in the tooth
not to date
applied her
NOTE

In this Inten

arily, this is dependent on surface roughness iridhe tooth-root fillets.
ce of surface condition on tooth-root bending strength does not depend solely on the surfg
-root fillets, but also on the size and shape (the problem of “notches within a notch”). Th

been sufficiently well studied for jt-to*be taken into account in this International Standard
e is only valid when scratches or-similar defects deeper than 2 x Rz are not present.

P x Rz is a preliminary estimated value.

hational Standard, Method C of ISO 6336-3:1996 is used.

7.7.2 YR 1 for referencejand long life stresses

(115)

(116)

(117)

h in the tooth

ce roughness
s subject has
. The method

For all materials,
— if Rz |16 yrmythen:

YRrelT= 1,0 (118)
— If Rz> 16 ym then:

YRrelT=0,9 (119)
7.7.3 YR e T for static stress
For all materials, no dependence on root fillet roughness:

YRreiT=1,0 (120)
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7.8 Size factor, Yy

Yx is used to allow for the influence of size on:

— the probable distribution of weak points in the material structure;

— the stress gradients, which in materials theory decrease with increasing dimensions;

— material quality;

— as regards quality of forging, presence of defects etc.

Method B of IFO 6336-3:1996 is used in this International Standard.

Yx is calculated in accordance with Table 9.

Table 9 — Size factor (root), Y'x

Material @ Normal module m, Size factor Yy
St, St (cast), \, mp <5 Ix=1,0
GGG (perl., bai.), 5<my<30 Yy =1,03 — 0,006 my,
GTS (perl.) 30 < my, Yx=0,85
Eh, IF (root), for my <5 Yyx=1,0
NT (nitr.), 3 x 106 _ B
NV (nitr.), to 1010 5;5’"“ R Tx=1.05=0.01my
NV (nitrocar.) cycles S ¥x=08
my < S Yx=1,0
GG, GGG (ferf.) S< my <25 Yx=1,075-0,015 m,
25 < my, Yx=0,7
All materials static — Yx=1,0
a See Tabl¢ 2 for an explanation of the abbreyiations used.

7.9 Minimyum safety factor(tooth breakage), Sk min

For general @ispects concérning safety factors, see clause 4; for calculation of the actual safety fe
breakage), SH, see 7.1.4Ulf'not otherwise agreed between manufacturer and user, the following minin
factor (tooth Qreakage); Sk min, is applied in this International Standard:

SFmin:1 2

ctor (tooth
num safety

(121)
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Annex A
(normative)

Special features of less common gear designs

A.1 Dynamic factor, K, for planetary gears

A1.1 Ge

In gear trai
there are s
which has

Although \
unreliable,
should be 1

Method A ¢
6.1.1 of 1S(

A.1.2 Cal

085:2002(E)

neral

ns which include multiple mesh gears such as idler gears and in epicyclic gearing, planet a
pveral natural frequencies. These can be higher or lower than the natural frequeney of a si
bnly one mesh.

alues of K, determined using the formulae in this International Standard shall be ¢
nevertheless they can be useful as preliminary assessments. It is recommended that, if
e-assessed using a more accurate procedure.

f 1ISO 6336-1:1996 should be preferred for the analysis of less«Common transmission des
D 6336-1:1996 for further information.

lculation of the equivalent mass of a gear pairwith external teeth

Refer to 5.6.2

A.1.3 Resonance speed determination for less'common gear designs

A131 C

eneral

The resonance speed determination forless common gear designs should be made using Methog

other meth

a) pinion
b) two rig
c) onela
d)

e) idlerg

bds may be used to approximate the effects. Some examples are
shaft with diameter at mid-tooth depth, d.,1, about equal to the shaft diameter,
dly connected €oaxial gears,

ge wheel-driven by two pinions,

planetary gears, and

nd sun gears,
ngle gear pair

onsidered as
bossible, they

igns. Refer to

A. However,

are

o~

A.1.3.2 Pinion shaft with diameter a mid-tooth, 4,1, about equal to the shaft diameter

The high torsional stiffness of the pinion shaft is to a great extent compensated by the shaft mass. Thus the
resonance speed can be calculated in the normal way, using the mass of the pinion (toothed portion) and the
normal mesh stiffness c,.

A.1.3.3 Two rigidly connected coaxial gears

The mass of the larger of the connected gears is to be included.
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