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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 Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

ISO 6336 (all parts) consists of International Standards, Technical Specifications (TS) and Technical
Reports (TR) under the general title Calculation of load capacity of spur and helical gears (see Table 1).

— International Standards contain calculation methods that are based on widely accepted practices
and have been validated.

— Technical Specifications (TS) contain calculation methods that are still subject to further
development.

— [lechnical Reports (TR) contain data that is informative, such as example calculations:

The procedures specified in parts 1 to 19 of the ISO 6336 series cover fatigue analyses’for gear rating.
The [procedures described in parts 20 to 29 of the ISO 6336 series are predominantly re|ated to the
tribglogical behavior of the lubricated flank surface contact. Parts 30 to 39 (of the ISO p336 series
inclyde example calculations. The ISO 6336 series allows the addition of new-parts under pppropriate
nurr]]bers to reflect knowledge gained in the future.

Reqiiesting standardized calculations according to the ISO 6336 seri€s without referring to specific
parts requires the use of only those parts that are currently designated as International Stajndards (see
Tablp 1 for listing). When requesting further calculations, the relevant part or parts of the ISO 6336
serigs need to be specified. Use of a Technical Specification astacceptance criteria for a spdcific design
need to be agreed in advance between the manufacturer andthe purchaser.

Table 1 — Parts of the ISO 6336 series (status as of DATE OF PUBLICATION]

. . . International Tech_n ical Technical
Calqulation of load capacity of spur and helical gears Standard Sp(:ti:(l)gca- Report
Par{ 1: Basic principles, introduction and generalinfluence factors X
Pard 2: Calculation of surface durability (pitting) X
Part 3: Calculation of tooth bending strength X
Part4: Calculation of tooth flank fracture load capacity X
Par{ 5: Strength and quality of materials X
Pard 6: Calculation of servicg life under variable load X

Part 20: Calculation of scuffing load capacity (also applicable to bevel
and fhypoid gears) — klash temperature method X

(replaces: ISO/TR 13989-1)

Part 21: Calculation of scuffing load capacity (also applicable to bevel
and hypoid gears) — Integral temperature method X

(replacés: ISO/TR 13989-2)

Part22-Calculation-of micropitting-load-capacity
(replaces: ISO/TR 15144-1)

Part 30: Calculation examples for the application of 1SO 6336 parts 1,2,3,5 X
Part 31: Calculation examples of micropitting load capacity
(replaces: ISO/TR 15144-2)

X

This document and the other parts of the ISO 6336 series provide a coherent system of procedures for
the calculation of the load capacity of cylindrical involute gears with external or internal teeth. The
ISO 6336 series is designed to facilitate the application of future knowledge and developments, also the
exchange of information gained from experience.

© 1S0 2019 - All rights reserved vii
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Design considerations to prevent fractures emanating from stress raisers in the tooth flank, tip
chipping and failures of the gear blank through the web or hub will need to be analysed by general
machine design methods.

Several methods for the calculation of load capacity, as well as for the calculation of various factors, are
permitted (see 4.1.16). The directions in ISO 6336 are thus complex, but also flexible.

Included in the formulae are the major factors which are presently known to affect gear tooth damages
which are covered by the ISO 6336 series. The formulae are in a form that will permit the addition of
new factors to reflect knowledge gained in the future.
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Calculation of load capacity of spur and helical gears —

Part 1:
Basic principles, introduction and general influence factors

1 pcope

This| document presents the basic principles of, an introduction to, and the general inhflugnce factors
for the calculation of the load capacity of spur and helical gears. Together with the 6ther{documents
in the ISO 6336 series, it provides a method by which different gear designscan be conjpared. It is
not intended to assure the performance of assembled drive gear systems. It.is'not intendefl for use by
the general engineering public. Instead, it is intended for use by the expérienced gear dg¢signer who
is capable of selecting reasonable values for the factors in these formulae based on the knowledge of
similar designs and the awareness of the effects of the items discussed:

The |[formulae in the ISO 6336 series are intended to establish a-uniformly acceptable [method for
calcyilating the load capacity of cylindrical gears with straight.or helical involute teeth.

The [SO 6336 series includes procedures based on testing and theoretical studies as referenced by each
method. The methods are validated for:

— hormal working pressure angle from 15° to 25°

— reference helix angle up to 30°;

— [ransverse contact ratio from 1,0 to 2,5.

If this scope is exceeded, the calculated\results will need to be confirmed by experience.
The formulae in the ISO 6336 series are not applicable when any of the following conditions|exist:
— pears with transverse centact ratios less than 1,0;
— Interference between tooth tips and root fillets;
— teeth are pointed;

— packlash isizéro.

The frating€ermulae in the ISO 6336 series are not applicable to other types of gear tooth dé¢terioration
such asplastic deformation, case crushing and wear, and are not applicable under vibratory conditions
whefé-there can be an unpredictable profile breakdown. The ISO 6336 series does not apply to teeth
finished by forging or sintering. ITiS ot appiicable 0 gears which Mave a poor contact pattern.

The influence factors presented in these methods form a method to predict the risk of damage that
aligns with industry and experimental experience. It is possible that they are not entirely scientifically
exact. Therefore, the calculation methods from one part of the ISO 6336 series is not applicable in
another part of the ISO 6336 series unless specifically referenced.

The procedures in the ISO 6336 series provide rating formulae for the calculation of load capacity with
regard to different failure modes such as pitting, tooth root breakage, tooth flank fracture, scuffing
and micropitting. At pitch line velocities below 1 m/s the gear load capacity is often limited by abrasive
wear (see other literature such as References [23] and [22] for further information on such calculation).

© IS0 2019 - All rights reserved 1
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2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 53:1998, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile

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

ISO 1328-1:2013, Cylindrical gears — ISO system of flank tolerance classification — Part 1: Definitions and

allowable v

lnao nfﬂa\nnflnno ralannnf f'n Flnnl/c nfganr teeth

ISO 21771:72

ISO 6336-2,
(pitting)

ISO 6336-3
strength

ISO 6336-5
materials

ISO 6336-6
variable loa

3 Terms,

3.1 Ternj

For the py
SO 21771:2

ISO and IEC

— ISO Onlline browsing platform: available at https://www.iso.org/obp

IEC Ele

3.2 Symbols and abbteviated terms

For the pu
ISO 21771:
calculation

cor—ctCort

007, Gears — Cylindrical involute gears and gear pairs — Concepts and geometry

Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface dural
Calculation of load capacity of spur and helical gears — Part 3: Calculdtion of tooth ben
Calculation of load capacity of spur and helical gears — Part.5* Strength and quali

Calculation of load capacity of spur and helical gears — Pdrt'6: Calculation of service life u
1

definitions, symbols and abbreviated terms

)s and definitions

rposes of this document, the terins and definitions given in ISO 1122-1:1998
007 apply.

maintain terminological databases for use in standardization at following addresses:

Ctropedia: available-at http://www.electropedia.org/

'pose ofthis document, the symbols and abbreviated terms given in ISO 1122-1:1
2007 and“Table 2 apply. Further general symbols and abbreviated terms used for
pf load capacity of spur and helical gears can be found in Annex F.

ility

ding

Ly of

nder

and

998,
the

NOTE

S

rmabols are based on, and-are extensions r\f" the cum]‘\r\]c gnrnn IS0 701 and IS0 1328.1:2013

Only

symbols for quantities used for the calculation of the partlcular factors treated in the ISO 6336 series are given,
together with the preferred units.
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Table 2 — Abbreviated terms and symbols used in this document

Abbreviated terms

Terms Description

A, B, C, points on path of contact (pinion root to pinion tip, regardless of whether pinion or wheel drives,

D, E only for geometrical considerations)

Cp contact point

EAP end of active profile (for driving pinion: contact point E, for driving wheel: contact point A)

Eh material designation for case-hardened wrought steel

GG material designation for grey cast iron

GGG material designation for nodular cast iron (perlitic, bainitic, ferritic structure)

GTS material designation for black malleable cast iron (perlitic structure)

IF material designation for flame or induction hardened wrought special-steel

NT material designation for nitrided wrought steel, nitriding steel

NV material designation for through-hardened wrought steel, nitrided; nitrocarburized

SAP start of active profile (for driving pinion: contact point A, for dpiving wheel: contact poipt E)

St material designation for normalized base steel (o5 < 800'N/mm?)

\Y material designation for through-hardened wroughtsteel, alloy or carbon (o = 800 N/mm?2)

Symbols
Symbol Description Unit

B total face width of double helical gear including’gap width mm

B non-dimensio_nal parameter taking into aécount the effect of profile form deviations o
f on the dynamic load

B non-dimen§iona1 parameter taking ihto account the effect of tip and root reliefs on .
k the dynamic load

B non_—di.mensional parameter taking into account the effect of transverse base pitch .
p deviations on the dynamic load

B* constant (see formula€in Clause 7) —

b face width mm

bal calculated face-width mm

b length of tooth*bearing pattern at low load (contact marking) mm

by half of the\Hertzian contact width mm

breq reduced face width (face width minus end reliefs) mm

b web thickness mm

a  Forsxternal gears q, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative
positive-sign. All calculated diameters have a negative sign for internal gearing.

5ign, z; has a

b The components in the plane of action are determinant.

© IS0 2019 - All rights reserved
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Table 2 (continued)

Symbols
Symbol Description Unit
bg face width of one helix on a double helical gear mm
by length of end relief mm
c constant, coefficient —
relief of tooth flank um
C, tip relief pum
Cay tipretef by Tummimg=im T
Cy bgsic rack factor (same rack for pinion and wheel) AP‘U)
Cp1 basic rack factor (pinion) .q>-)—
Cgy basic rack factor (wheel) r:."\ t—
Ce rqot relief 0‘05*) pum
Cy cqrrection factor (see Clause 9) ACOJ —
Cr gdar blank factor (see Clause 9) o,U —
Cp cijowning height ’S\\\J um
Cian end relief & ™ pum
c cgnstant OQ‘ —
o mlean value of mesh stiffness per unit face width \\\ N/(mm-pm)
Cra mlean value of mesh stiffness per unit face width (used fo;,)%\ﬁ(ﬂa, Kgo) N/(mm-pm)
Cyp mean value of mesh stiffness per unit face width (use@r Kup Kep) N/(mm-pm)
c' mfaximum tooth stiffness per unit face width (sing],@tiffness) of a tooth pair N/(mm-pm)
folis tHeoretical single stiffness Q\‘U N/(mm-pm)
D dfameter (design) ) \O mm
Dy deflection increment RX O pum
q dfameter (without subscript, referenE)h‘iameter)a mm
efffective twist diameter (Annezi EQ mm
d, tip diameter? mm
dy, base diameter mm
d; rqot diameter \G_) mm
d;, infside shaft diam}tg—ﬂ\Annﬂx_E) mm
dy, mean diametgl@}éalculating reduced gear pair mass mm
dna agtive tip d@gye?ter of pinion or wheel mm
a2 For extefnal g .» Z1 and z, are positive; for internal gearing, g, d, d, and z, have a negative sign, z; lhas a
positive sign]All %‘lated dlameters have a negative sign for internal gearing.
b The com )(%nts in the plane of action are determinant.
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Table 2 (continued)

Symbols
Symbol Description Unit
dg, external diameter of shaft, nominal for bending deflection mm
dgpi internal diameter of a hollow shaft mm
d,, pitch diameter mm
dy, reference diameter of pinion (or wheel) mm
E modulus of elasticity N/mm?
E, Teduced modutus of elasticity N/mm?
F composite and cumulative deviations pum
force or load N
Fy, nominal transverse load in plane of action (base tangent plane) N
Fii okt total load in the plane of action N
F, total load on the gearset N
F. glg:;l ‘Ic:rar_ls}\rle;;seKtaIr(lgential load at the reference circle relevant tomesh calcula- N
»Im Tt A Y By
For mean transverse tangential part load at reference circle N
Fad maximum tangential tooth load for the mesh calculated N
F, (nominal) transverse tangential load at reference cylinder per mesh N
Fyy ;lrete_rlr}lilr{larll(t ?nlgential load in a transverse plane forKy, and Kg,, N
tH ~— "t ™A 2y v B'HB
Fpy initial equivalent misalignment (before running-in) pum
Fax. initi.al equivalent misalignment for the détermination of the crowning height um
(estimate)
Foy equivalent misalignment measured tirder a partial load pm
Fg, effective equivalent misalignmenv (after running-in) pum
f deviation, tooth deformation pum
foe component of equivalent thisalignment P due to bearing deformation pum
fea component of equivalent misalignment ? due to case deformation pum
fr load correction fastor —
fo pro_file form dgvi_ation (the value for t_he tot_al profile deviation F, may be used alter- um
natively for‘this, if tolerances complying with ISO 1328-1:2013 are used)
S off effectivelprofile form deviation after running-in pm
fna megh,iisalignment? due to manufacturing deviations pum
a For extérnal gears a, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative ign, z; has a
positive sign:"All calculated diameters have a negative sign for internal gearing.
b Thetomponents in the plane of action are determinant.
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Table 2 (continued)

Symbols
Symbol Description Unit
fob eff transverse effective base pitch deviation after running-in pm
fot transverse single pitch deviation um
foar act non-parallelism of pinion and wheel axes (manufacturing deviation)b pum
£ transverse I_)ase pitch deviation. (the v_alues of f,, may be use_d for _calculations in ac- um
p cordance with the ISO 6336 series, using tolerances complying with ISO 1328-1:2013)
component of equivalent misalisnment? due to deformations of pinion and wheel
A sHafts i - ) e
component of misalignment due to shaft and pinion deformation measured at a
St partial load m
fxp shaft parallelism out-of-plane deviation according to ISO/TR 10064-3:1996 —
fus h_(*lix slope Qev_iation (the value for_the tc_)tal helix deviz%tion Fpmay be used alterna- um
tipely for this, if tolerances complying with ISO 1328-1:2013 are used)
[y off efffective single profile deviation pm
fs tgrsional deflection pm
fups tdlerance on helix slope deviation for ISO tolerance class 5 pum
G siear modulus N/mmj
g path of contact mm
9a length of path of contact mm
h tdoth depth (without subscript, root circle to tip circle) mm
hyp addendum of basic rack of cylindrical gears mm
hep d¢dendum of basic rack of cylindrical gears mm
h; tdoth height mm
I mjoment of inertia mm*
Ics integration constant Hm
J* moment of inertia per unit face width kg'mm?2/inm
K cgnstant, factors concerning tooth load —
K' cgnstant of the pinion offset —
Ky application factor —
Ky a a}*)plication factor (Method A) —
Ka g a}i)plication factor.(Method B) —
Kpana aIl)plication factor for tooth root breakage along ISO 6336-3 (Method A) —
3 For extefnal gears-a, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; hhas a
positive sign]All ealetilated diameters have a negative sign for internal gearing.
b The compdneénts in the plane of action are determinant.
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Table 2 (continued)

Symbols
Symbol Description Unit
Kpag application factor for tooth root breakage along ISO 6336-3 (Method B) —
Kpy transverse load factor (root stress) —
Kegn transverse load factor (root stress) (Method A) —
Ko transverse load factor (root stress) (Method B) —

Kepaa application factor for tooth flank fracture along ISO/TS 6336-4 (Method A) —

KppA® appticatiom factor for toothr flamk fracture atong 1S6/1S6336=4tMethod Bj —
Kpp face load factor (root stress) —
Kppp face load factor (root stress) (Method A) —
Kgp. face load factor (root stress) (Method B) —
Kpp ¢ face load factor (root stress) (Method C) —
Ko transverse load factor (contact stress) —
Kieda transverse load factor (contact stress) (Method A) —
Kueds transverse load factor (contact stress) (Method B) —
Kyp face load factor (contact stress) —

Kuph face load factor (contact stress) (Method A) —
Kupp face load factor (contact stress) (Method B) —
Kupk face load factor (contact stress) (Method C) —

K, dynamic factor —

K, A dynamic factor (Method A) —

K, g dynamic factor (Method B) —

K, ¢ dynamic factor (Method C) —

K mesh load factor' (takes into'ac'count the uneven distribution of the load between .
14 meshes for multiple transmisSion paths)

K; application factor for micropitting along ISO/TS 6336-22 —

Kiah application factor for micropitting along ISO/TS 6336-22 (Method A) —
Kiak application factor formicropitting along ISO/TS 6336-22 (Method B) —
Ky application factorfor scuffing along ISO/TS 6336-20/ISO/TS 6336-21 —
Kop application actor for scuffing along ISO/TS 6336-20/1SO/TS 6336-21 (Method A) —
Kop kb applicationAfactor for scuffing along ISO/TS 6336-20/1SO/TS 6336-21 (Method B) —

a For external gears a, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative ign, z; has a
positive sign. All ¢alculated diameters have a negative sign for internal gearing.

b The components in the plane of action are determinant.
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Table 2 (continued)
Symbols
Symbol Description Unit

L; load at a specific point i N
L; ave average load N
Lipeak peak load N
Lg distance between two supports mm
Ls; load intensity N/mm
l bearimgspamn TITIT
M mloment of a force, bending moment ANK\;@
m module '\q>'?1m

mjass - kg
m" rdlative individual gear mass per unit face width referenced to line of action 0‘05 kg/mmn
m, ne¢rmal module ACOJ mm
My eq rgduced gear pair mass per unit face width referenced to the line of actiono‘U kg/mn
N nyimber, exponent, resonance ratio ’&\J —
Ng rgsonance ratio in the main resonance range & ™ —
n rgtational speed OQ‘ s~ or mip!
ni, rqtation speed of pinion (or wheel) \\\\ min-1 or 1
ng rg¢sonance speed n\\) min~!
P trfansmitted power ®v kW
p nymber of planet gears n$ —
Ppt transverse pitch on the base cylinder Q\‘U mm
Pdyn Hprtzian contact stress ) \O N/mmj
Payncp |lofcal Hertzian contact stress including\t\l@ﬂ?)ad factors, K N/mmj
Pet trfansverse base pitch on the path of Q)_n\(?tact mm
Py ngminal Hertzian contact stress \\ * N/mmj
. ayxiliary factor ,.O\ —

flexibility of pair of mesl}iquth (see Clause 9) (mm-pm))/N
q mlinimum value for t}{@'ﬁibility of a pair of meshing teeth (mm-um)}/N
R R} reaction at the/n@?side support N

R| reaction atﬁt@)gft side support N
a  For extefnal gears@r » z1 and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; has a
positive sign|All cal d diameters have a negative sign for internal gearing.
b The com )onth?Tn the plane of action are determinant.

N
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Table 2 (continued)

Symbols
Symbol Description Unit
r radius (without subscript, reference radius) mm
M base radius mm
S safety factor —
Sk safety factor for tooth breakage —
Su safety factor for pitting —
S stope —] urad
S, average sl N d
| ge slope ab pra
. . N
Sy sum of the deflection increment values N ‘1/ pum
tooth thickness, distance between mid-plane of pinion and the middle of th%ea\r-
s ; mm
ing span 5
S¢ film thickness of marking compound used in contact pattern determi_rlaf'ﬁ))‘r)l pum
SR rim thickness O\k) mm
\J
T torque N Nm
Ty, nominal torque at the pinion (or wheel) < Nm
u gearratio (z, / z;) 212 ()O\ —
N
shear N N
circumferential velocity (without subscript at thg_f&‘@rence circle) m/s
v, tangential velocity ,{(\U m/s
Vs sum of tangential velocities A$ m/s
w specific load (per unit face width, F, / b)Q\U N/mm
Xcp load sharing factor \O —
X distance from the left support‘.\('\}~ mm
X; length of face where the poi@d is applied mm
distance between stations, ° mm
X N
profile shift coefficig_r@\ —
X1, profile shift coefﬁ.glkgi’?t of pinion (or wheel) —
Y factor related\ﬁ}t{oth root bending —
tooth for \or, for the influence on nominal tooth root stress with load applied at
Ye : . . —
the out int of single pair tooth contact
a  For extern ars a, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative ign, z; has a
posifive sign. lIculated diameters have a negative sign for internal gearing.
b he c nents in the plane of action are determinant.
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Table 2 (continued)

Symbols

Symbol Description Unit

stress correction factor, for the conversion of the nominal tooth root stress, deter-
Ys mined for application of load at the outer point of single pair tooth contact, to the —
local tooth root stress

Yp helix angle factor (tooth root) —
y running-in allowance (only with subscript a or ) pum
y calculated deflection 1m
Ve e4timated running-in allowance for profile form deviation pm
Y eqtimated running-in allowance for base pitch deviation pm
Va rynning-in allowance for a gear pair pum
Y rynning-in allowance (equivalent misalignment) pum
Z factor related to contact stress —
Z, velocity factor —
Zg elasticity factor (N/mm?)0.5
Zy zg¢ne factor —
Zy he¢lix angle factor (pitting) —
Z, cqntact ratio factor (pitting) —
z nymber of teeth 2 —

N Virtual number of teeth of a helical gear —
Z1, nfimber of teeth of pinion (or wheel) 2 —
a pressure angle (without subscript, at reference cylinder) °
a; trlansverse pressure angle °
At wprking transverse pressure angle at the\pitch cylinder °
Apy, n¢rmal pressure angle of the basic rackfor cylindrical gears °
B he¢lix angle (without subscript, at reference cylinder) °
By bjse helix angle °

parameter on the line of action —

y ayxiliary angle °
) deflection um
81, d¢formation of béaning (1, 2) in direction of load pwm, mm
0, difference in feeler gauge thickness measurement of mesh misalignment f . pum
3 For external gears\a,/d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; las a
positive sign|All calculated diameters have a negative sign for internal gearing.
b The components in the plane of action are determinant.
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Table 2 (continued)

Symbols
Symbol Description Unit
o deflection of the teeth pm
Oy tooth deflection in the plane of action and transverse plane at a load point i pum
£ contact ratio, overlap ratio, relative eccentricity (see Clause 7) —
&y transverse contact ratio —
&p overlap ratio —
g)/ LULdl LUllLdLleLiU, ty—c‘:a‘f tﬁ -
¢ roll angle °
Cew roll angle from root form diameter to working pitch point °
Mg dynamic viscosity at given temperature N-s/m?
6 temperature °C
kinematic viscosity of the oil mm?2/s
Vo kinematic viscosity at given temperature mm?2/s
Vo kinematic viscosity of a lubricant at 40 °C mm?/s
V100 kinematic viscosity of a lubricant at 100 °C mm?2/s
radius of curvature mm
P density (for steel, p = 7,83 x 106 kg/mm?3) kg/mm3
Pep tooth root fillet radius of the basic rack for cylindrical gears mm
Pred radius of relative curvature mm
Po density of lubricant at given temperature kg/mms3
P1s density of lubricant at 15 °C kg/mms3
o normal stress N/mm?
O likn allowable stress number (contact) N/mm?
X running-in factor —
Xp factor characterizing the'equivalent misalignment after running-in —
W angular velocity rad/s
@ For external gears q, d, d;. z7-and z, are positive; for internal gearing, a, d, d, and z, have a negative fign, z; has a
posifive sign. All calculated.diameters have a negative sign for internal gearing.
b The components in the'plane of action are determinant.
4 Basic principles
4.1 | Application

4.1.1 Surface durability (pitting)

[SO 6336-2 specifies the fundamental formulae for use in the determination of the surface load capacity
of cylindrical gears with involute external or internal teeth. In this document, surface durability refers
to pitting also known as macropitting. It includes formulae for all influences on surface durability for
which quantitative assessments can be made. It applies primarily to oil-lubricated transmissions but
can also be used to obtain approximate values for (slow-running) grease-lubricated transmissions, as
long as sufficient lubricant is present in the mesh at all times.

4.1.2 Tooth bending strength

ISO 6336-3 specifies the fundamental formulae for use in tooth bending stress calculations for involute
external or internal spur and helical gears. In service, internal gears can experience failure modes other
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than tooth bending fatigue, i.e. fractures starting at the root diameter and progressing radially outward.
ISO 6336-3 does not provide adequate safety against failure modes other than tooth bending fatigue.
All load influences on tooth stress are included in so far as they are the result of loads transmitted by
the gears and in so far as they can be evaluated quantitatively.

4.1.3 Tooth flank fracture

ISO/TS 6336-4 describes a procedure for the calculation of the tooth flank fracture load capacity
of cylindrical spur and helical gears with external teeth. The method is based on theoretical and
experimental investigations (References [2], [14], [15] and [19]) on case carburized test gears and gears

from varioys industrial applications

4.1.4 Strength and quality of materials

ISO 6336-5|describes contact and tooth-root stresses and gives numerical values for both-limit s{ress
numbers. I specifies requirements for material quality and heat treatment and comiments on their
influences qn both limit stress numbers.

4.1.5 Seryvice life under variable load

ISO 6336-6|specifies the information and standardized conditions necessary for the calculation of the
service life [or safety factors for a required life) of gears subject to variable loading.

4.1.6 Scuffing

Formulae fpr scuffing resistance on cylindrical gears with\involute internal or external teeth are
included in [SO/TS 6336-20 and ISO/TS 6336-21.

4.1.7 Wepr

So far, only|limited attention has been devoted-to-the study of gear tooth wear. This subject primprily
concerns gdar teeth with low surface hardness.or gears with improper lubrication. No attempt has been
made to coyer the subject in the ISO 6336 series.

4.1.8 Midropitting

ISO/TS 6336-22 covers micropitting rating, which is an additional type of surface distress that|may
occur on gefr teeth.

4.1.9 Plaptic-yielding

The ISO 63B6 series’does not extend to stress levels greater than those permissible at 103 cyclgs or
less, since sftresses-in this range may exceed the elastic limit of the gear tooth in bending or in sugface
compressive stress. Depending on the material and the load imposed, a single stress cycle greater than
the limit levelat 132 l._y\,llc.) cottdrestiti P}aoti\. _yicldius ofthe geat tooth:

4.1.10 Specific applications

4.1.10.1 General

For the design of gears, it is very important to recognize that requirements for different fields of
application vary considerably. The use of ISO 6336 (all parts) procedures for specific applications
demands a realistic and knowledgeable appraisal of all applicable considerations, particularly:

— theallo

— the con

12

wable stress of the material and the number of load repetitions,

sequences of any percentage of failure (failure rate), and
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— the appropriate safety factor.

The following three application fields exemplify the requirements of the above-mentioned
characteristics.

4.1.10.2 Vehicle final drive gears

For vehicle final drive gears, which operate at relatively low speed, coarse pitch teeth are chosen for
adequate strength. As a consequence, pinions have small numbers of teeth (z; of about 14), whereas
a value z; of about 28 would be chosen for a comparatively high-speed gear of similar size. Thus, the

tooth bending strength of the former would be about twice that of the latter.

The
induy|

computed reliability of vehicle gears can be as low as 80 % to 90 % whereas that of
strial gears should be at least 99 %.

Comlparison of applied gear designs has indicated that for about 10 000 cycles, the load 1

by t1
gear

For

amo
leve
long

4.1.]

For

uck final drive gears is about four times greater than that transmitted by ajrcraft or sj
s, where the material, quality, size and design are the same.

ow speed vehicle gears which are intended to have short lives (less’than 100 000 cy
unts of plastic deformation, pitting and abrasive wear can usually-be tolerated. Conse
s of surface stress which are permissible are substantially higher than would be per
life, high speed gears.

0.3 Main drive for aircraft and space vehicles

main drives of aircraft and space vehicles, whielare found in helicopter rotor driy

ma
acc
prod
rate
dire

For

toot
prol
for v

4.1.

For
desi

Indu
cycld
capd

pump drives of space vehicle boosters, gears, of the highest material quality and ma

i
ljllracy are used. Such gears are extensively tested. For example, 10 to 20 transmissions

uction series may be tested under operatienal conditions for the full design life. The tol
is established on the basis of test resuilts. Lubricant spray rate, position of injection|
Ction of spray is optimized.

'hese reasons, higher loading is\permissible for a design life up to 100 times longer

high-speed

ransmitted
bace vehicle

rcles), small
guently, the
missible for

res and the
hufacturing
of the same
erable wear
points and

in cycles of

h loading), and speeds about, 10 times greater than those of a typical vehicle transnpission. The

ability of damage in suchscases shall not exceed 0,1 % to 1 %. Overall loading cannot b
ehicle gears, since neitheysurface wear nor minor damage can be tolerated.

0.4 Industrial high-speed gears

ndustrial high-speed gears, where the pitch line velocities exceed 50 m/s, the pinior
bned with 30-or more teeth with the objective of minimizing the risk of scuffing and we

strial high-speed gears should be better than 99 % reliable for a normal life of mor
ps. Extensive prototype testing is normally excluded because of the cost. As a consequer
city ratings of high-speed gears tend to be conservative with relatively high safety fact

e as high as

IS are often
ar.

e than 1010
Ice, the load
ors.

4.1.11 Safety factors

It is necessary to distinguish between the safety factor relative to each damage type — pitting, tooth
root breakage, tooth flank fracture, scuffing, micropitting, etc. Note that at the moment for tooth flank
fracture, no safety factor but a material exposure is calculated, see ISO/TS 6336-4.

For a given application, adequate gear load capacity is demonstrated by the computed values of each
safety factor, S, being greater than or equal to the value of its respective minimum safety factor, S,,;,,.
Certain minimum values for safety factors shall be determined. Recommendations concerning these
minimum values are made in the ISO 6336 series, but values are not proposed.
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An appropriate probability of failure and the safety factor shall be carefully chosen to meet the required
reliability at a justifiable cost. If the performance of the gears can be accurately appraised through
testing of the actual unit under actual load conditions, a lower safety factor and more economical
manufacturing procedures may be permissible.

The safety factor for pitting and tooth bending is defined as the ratio of the limiting stress number to
the calculated stress.

The safety factor for scuffing is defined as the ratio of the limiting temperature to the calculated
temperature.

Th f t fortnss £ vttt g 1o Anfinnd oo dbhn ot AF plhn ~oloplabnd iy o fr s fl
e Sa e y ITACLUI 1TUT II1IICI Uylbblll& IO ULTIIIICU do CIIC 1T ACIVU UL CIIC CAItUIdlUCU T ruIIsr Jl.l\z\flll\.f lm

thickness t¢ the permissible specific film thickness.

For tooth flank fracture, the material exposure is defined as the ratio of the local equivalentstrefs to
the local material shear strength.

Safety factqrs based on load are permitted. When they are based on load the safety-factor equals the
specific cal¢ulated load capacity divided by the specific operating load transmitted. When the factor is
based on load, this shall be stated clearly.

NOTE Safety factors based on load (power) are not necessarily directly propertional to S. For example,)load
safety factors relative to tooth bending are proportional to Sp. Safety factors¢based on load (power) relatiye to
pitting are proportional to S};2.

In addition fo the general requirements mentioned and the speciakrequirements for each damage type,
the minimujm safety factors shall be chosen after careful considération of the following influences.

Reliability pf material data: ISO 6336 (all parts)-applicable materials, for which data are given in
[SO 6336-5] and their abbreviations, are listed in Table-3: The allowable stress numbers used i the
calculation pre valid for a given probability of failure; the'material values in ISO 6336-5 are valid fo 1 %
probability jof failure. This risk of failure reduces with the increase of the safety factor and vice versa.

— Reliability of load values used for calculatign:'if loads or the response of the system to vibration, are
estimafed rather than measured, a largeryminimum safety factor should be used.

— Variatigns in gear geometry due tosmanufacturing tolerances.

— Variatigns in alignment.

— Variatigns in material duejto process variations in chemistry, cleanliness, and microstrudture
(material quality and héat treatment).

— Variatigns in lubrieation and its maintenance over the service life of the gears.

Depending [on the-réliability of the assumptions on which the calculations are based (e.g. |load
assumptions) and according to the reliability requirements (consequences of damage occurrende), a
correspondjngminimum safety factor is to be chosen.

Where gears are produced under a specification or a request for proposal (quotation), in which the gear
supplier is to provide gears or assembled gear drives having specified calculated capacities (ratings)
in accordance with the ISO 6336 series, the value of the safety factor for each mode of failure (pitting,
tooth root breakage, tooth flank fracture, scuffing, micropitting) is to be agreed upon between the
parties.

Table 3 — Materials (according to ISO 6336-5)

Material Type Abbreviation

Wrought normalized low carbon steels St
Cast steels St (cast)

Normalized low carbon steels/cast steels
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Material Type Abbreviation

Black malleable castiron (perlitic structure) |GTS (perl.)

Castiron materials Egigiﬁgfﬁ iron (perlitic, bainitic, ferritic GGG (perl,, bai., ferr.)
Grey castiron GG

Through-hardened wrought steels Carbon steels, alloy steels \

Through-hardened cast steels Carbon steels, alloy steels V(cast)

Case-hardened wrought steels Eh

Flame or induction hardened wrought IF

or cyst steels

Nitrjded wrought steels/nitriding steels/ | Nitriding steels NT(nitr.)

through-hardening steels, nitrided Through hardening steels NV (nitr.)

Wrdught steels, nitrocarburized Through hardening steels NV (nitrofcar.)

4.1.12 Testing

The

most reliable known approach to the appraisal of overall system performance is that

proposed new design. Where sufficient field or test experience-is.available, satisfactory re
obtained by extrapolation of previous tests or field data.

Whdn suitable test results or field data are not availablejvalues for the rating factors shoul
congervatively.

4.1.13 Manufacturing tolerances

Eval
com

pation of rating factors should be based on the worst tolerance class limits speci
ponent parts in the manufacturing priocess.

4.1.14 Implied accuracy

Whdre empirical values for pating factors are given by curves, curve fitting formulae a
to fqcilitate computer progtamming. The constants and coefficients used in curve fitting

sign

4.1.

ficant digits in excess of those appropriate to the reliability of the empirical data.

15 Other considerations

.15.1 General

In additiorto the factors considered in ISO 6336 (all parts) influencing load capacity, other

of testing a
sults can be

d be chosen

fied for the

e provided
often have

nterrelated

bfactors can have a significant influence on the overall transmission performance. T

4.1.15.2 Lubrication

e following

The ratings determined by the formulae for pitting, tooth root breakage and tooth flank fracture are
valid only if the gear teeth are operated with a lubricant of proper viscosity and additives for the load,
speed and surface finish, and if there is a sufficient quantity of lubricant supplied to the gear teeth to
lubricate and maintain an acceptable operating temperature.

Additional information regarding tribological failure modes can be found in ISO/TS 6336-20,

1S0/

TS 6336-21 and ISO/TS 6336-22.
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4.1.15.3 Misalignment and deflection of foundations

Many gear systems depend on external supports such as machinery foundations to maintain alignment
of the gear mesh. If these supports are poorly designed, initially misaligned, or become misaligned
during operation through elastic or thermal deflection or other influences, overall gear system
performance will be adversely affected.

4.1.15.4 Deflections

Deflections of gear teeth, gear blanks, gear shafts, bearings and housings affect performance and
distribution of total tooth load over meshing flanks. Since these deflections vary with load, it is
impossible fo obtain optimum tooth contact at different loads in those transmissions that engeynter
variable logd. When gear tooth flanks are not modified, the face load factor increases with incregsing
deflection, thereby lowering rated capacity.

4.1.15.5 System dynamics

The methodl of analysis used in the ISO 6336 series provides a dynamic factor‘in the formulae by
derating thg gears for increased loads caused by gear tooth inaccuracies and-fer harmonic effects. In
general, simiplified values are given for easy application. The dynamic response of the system results
in additiongl gear tooth loads due to the relative motions of the connected@asses of the driver andl the
driven equipment. The application factor, K,, is intended to account fox the operating characteriptics

of the drivi
of the drive
the system’
several tim

For critical
shall includ
sources of ¢
be calculate
effect calcu

4.1.15.6 C

The teeth

manufactur
distortions
design load
the edges. T

4.1.15.7 C

Corrosion

hg and driven equipment. It shall be recognized, howeveér)that if the operating condif
I, gearbox or driven equipment causes an excitation with'a frequency that is near to o
5 major natural frequencies, resonant vibrations carn<cduse severe overloads which cou
s higher than the nominal load.

e the total system of driver, gearbox, drivenéquipment, couplings, mounting conditiong
xcitation. Natural frequencies, mode shapes and the dynamic response amplitudes sh
d. For pitting and bending fatigue ratings, the resulting load spectrum cumulative fat
ation is given in ISO 6336-6, if neceSsary or required.

bntact pattern

bf most cylindrical gears-are modified in both profile and helix directions during
ing operation to agcommodate deflection of the shafts and mountings and the
This results in adecalized contact pattern during roll testing under light loads. U
the contact sholil¢t spread over the tooth flank without any concentration of the patte
his influence-Shall be taken into account by the corresponding load distribution factor.

Drrosion

f gear tooth surfaces can significantly reduce the load carrying capacity of the t{

ions
he of
d be

service applications, it is recommended that ayibration analysis be performed. This anallysis

and
ould
igue

the
rmal
nder
'n at

beth.

Quantifyin

the extent of these reductions is beyond the scope of the ISO 6336 series.

4.1.16 Influence factors

4.1.16.1 General

The influence factors presented in the ISO 6336 series are derived from results of research and field
service. It is convenient to distinguish between the following.

a) Factors which are determined by gear geometry or which have been established by convention.
They shall be calculated in accordance with the formulae given in the ISO 6336 series.

b) Factors which account for several influences and which are dealt with as independent of each
other, but which may nevertheless influence each other to a degree for which no numerical value
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can be assigned. These include the factors Kj, K, Ky, Kyp or K, and the factors influencing
allowable stress.

The factors K,, Ky and Ky, also depend on the magnitudes of the profile and helix modifications.
Profile and hellx modifications are only effective if they are significantly larger than the manufacturing
deviations. For this reason, the influence of the profile and helix modifications may only be taken into
consideration if the gear manufacturing deviations do not exceed specific limit values. The maximum
allowable gear flank tolerances are stated, together with reference to ISO 1328-1:2013, for each factor.

The influence factors can be determined by various methods. These are qualified, as necessary,
by addmg subscrlpts A through C to the symbols Unless otherw1se spec1f1ed e. g in an application

Itis
a fad

recommended that supplementary subscripts be used whenever the method used for e
tor would not be readily identifiable.

In spme applications it could be necessary to choose between factors mhich have been

usin
Whd

The

b alternative methods (e.g. the alternatives for the determination of\the equivalent mig
n necessary, the relevant method can be indicated by extendingithe subscript, e.g. Ky

[SO 6336 series is primarily intended for verifying the load{capacity of gears for whi

calctilation data are available by way of detail drawings, or ina'similar form.

The
stag
pern
verif
to ad

Mor

data available at the primary design stage is usually\restricted. It is therefore neces

hissible to substitute unity or some other constant for some factors. In doing so, it is n
y that a good margin of safety is assured. Otherwise, the minimum safety factor shall j
count for these additional uncertainties.

e precise evaluation is possible whenmanufacture and inspection is completed, fo

obtalined by direct measurement are ayailable.

Cont
betv

4.1

ractual provisions relating to the nature of the calculation proof shall be agreed
een the manufacturer and the purchaser.

.16.2 Method A

b, to make use of approximations or empirical values for some factors. In such casef

. In cases of
thod B, and

valuation of

determined
alignment).

1

rh essential

bary, at this
it is often
ecessary to
e increased

 then data

in advance

Metlhod A factors are.derived from the results of full-scale load tests, precise measurements or

com
exp§

prehensive matliematical analysis of the transmission system on the basis of prove
rience, or any-combination of these. All gear and loading data shall be available. In su

accuracy and,reliability of the method used shall be demonstrated and the assumptions cle;

In gg

n operating
th cases the
irly stated.

neral,.and for the following reasons, Method A requires thorough knowledge and exper

EI‘ICE to use:

therelevant relationships have not been more extensively researched than those in Methpds B and C;

details of the operating conditions are incomplete;
suitable measuring equipment is not available;

the costs of analysis and measurements exceed their value.

4.1.16.3 Method B

Method B factors are derived with sufficient accuracy for most applications. Assumptions involved in
their determination are listed. In each case, it is necessary to assess whether or not these assumptions
apply to the conditions of interest. Additional subscripts should be inserted when necessary, e.g. K.
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4.1.16.4 Method C

Method C is where simplified approximations are specified for some factors. The assumptions under
which they have been determined are listed. On each occasion an assessment should be made as to
whether or not these assumptions apply to the existing conditions. The additional subscript C shall be
used when necessary, e.g. K, ¢

4.1.17 Numerical formulae

It is necessary to apply the numerical formulae specified in the ISO 6336 series with the stated units.
Any exceptions are specially noted.

4.1.18 Sudcession of factors in the course of calculation

The factors|K,, Ky or Kgg and Ky, or Kg, depend on a nominal tangential load. They are"also to yome
extent interjJdependent and shall therefore be calculated successively as follows:

a) K, withftheload F K, K,
b) Kypor Kpp with the load F, Ky K K;
) Ky, or Kg, with the load F Ky K, K, Ky (5

For the defipition of KY also see 4.2.1.

4.1.19 Determination of allowable values of gear deviations

The allowalple values of flank deviations shall be determined-in accordance with ISO 1328-1:2013.
4.2 Tangential load, torque and power

4.2.1 General
When assegsing the load acting on gear teeth, all loads affecting the gearing shall be considered.

In the case ¢f double helical gears, it i§ assumed that the total tangential load is divided equally between
the two heljces. If this is not the case, for examples as a consequence of externally applied axial Igads,
this shall bg taken into consideration. The two halves of the double helical gear should be treatdd as
two helical gears arranged in‘parallel.

Concerning| multiple path\transmissions, such as planetary gear systems or split path gear tfains
respectively when a géar drives two or more mating gears, the total tangential load is not quite evenly
distributed|to the various load paths (irrespective of design, circumferential velocity or accura¢y of
manufacture). Alowance is made for this by means of the mesh load factor K, (see also 4.1.18) unless
the power fhrough each mesh is known and used for calculatlons If possible, K should preferably be
i nple

DNVGL-CG-0036[16], [EC 61400-4[12], AGMA 6123[13]),

For transmissions with only one load path respectively when a gear drives only one mating gear, the
mesh load factor is K, = 1,0.

Thus, the following applies for the mesh load factor, K, :
a) for transmissions with one load path: Ky =1,0;

b) for multiple path transmissions when the power through each mesh is known and used for
calculations: Ky =1,0;

1)  Kypisalso to be used in the evaluation of K, since for tooth bending it is K};; which represents the determinant
load due to uneven distribution of F, over the face width (see 7.2.2).
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c) for gear trains with multiple path transmissions with uneven distribution of the total tangential
load over the individual meshes: K, > 1,0.

If the operating speed is near a resonance speed, a careful study is necessary. See Clauses 5 and 6.

4.2.2 Nominal tangential load, nominal torque and nominal power

The nominal tangential load, F, is determined in the transverse plane at the reference cylinder. It is
derived from the nominal torque or power transmitted by the gear pair.

The load capacity rating of gears is effectively based on the input torque to the driven machine. This is
the forque corresponding to the heaviest regular working condition. Alternatively, the noninal torque
of tHe prime mover can be used as a basis if it corresponds to the torque requirementof the driven
machine, or some other suitable basis can be chosen.

F,is|defined as the nominal tangential load per mesh, i.e. for the mesh under consideration.[T and P are
defimed accordingly. In the following formulae, n, , is given in revolutions per fitinute.

20007, 19098x1000P _1000P 1)
- _ =

dy , dy,n, 4

Fidi, 1000P _9549P

B 2
12772000 o, n, (2)
Fv T,0, T1,2 n o 3)

1 OOO 1000 9549
_ dy, 0, _ dy,n, )

2000 19098
_2000v M
127 g T 9549 (>)
1,2

4.2.3 Equivalent tangentidl load, equivalent torque and equivalent power

When the transmitted load)is not uniform, consideration should be given not only to the peak load and
its apticipated number.oPcycles, but also to intermediate loads and their numbers of cycles. [Chis type of
load|is classed as a.duty cycle and may be represented by a load spectrum. In such cases, thecumulative
fatigue effect of the'duty cycle is considered in rating the gear set, see 5.1.

4.2.4 Maximum tangential load, maximum torque and maximal power

This|is-the maximum tangential load, F, ., (or corresponding torque, T,,,,, corresponding gower, P . )

ln t}'n rh]fv r‘yr‘]n Ilts mannlhw‘n can he limited ]'“7 a C]]lf')]’\]‘r rncpnncnrn caanw clutch F' A Tma and
X X

P .y are requ1red to determine the safety factor due to 1oad1ng corresponding to the static stress limit.

5 Application factor, K,

5.1 General

The factor K, adjusts the nominal load, F,, in order to compensate for incremental gear loads from
external sources. These additional loads are largely dependent on the characteristics of the driving and
driven machines, as well as the masses and stiffness of the system, including shafts and couplings used
in service.
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For applications such as marine gears and others subjected to cyclic peak torque (torsional vibrations)
and designed for infinite life, the application factor can be defined as the ratio between the peak cyclic
torques and the nominal rated torque. The nominal rated torque is defined by the rated power and
speed. It is the torque used in the load capacity calculations.

If the gear is subjected to a limited number of known loads in excess of the amount of the peak cyclic
torques, this influence may be covered directly by means of cumulative fatigue or by means of an
increased application factor, representing the influence of the load spectrum.

It is recommended that the purchaser and manufacturer/designer agree on the value of the application
factor. Different values for K, may be specified and used for the rating against pitting, tooth root
breakage,t dNK TTacture, OITINg and MICTOp g as detailed beiow. variabte toad condijions

may have 3 different impact with respect to different failure modes. It is therefore distinguished
between Ky, for pitting, K, for bending strength and so on.

5.2 Method A — Factor K,

5.2.1 FactorK, ,

The applicgtion factors, Ky,.5, for pitting, Kgs.a, for tooth root breakage; Kpps.a, for tooth fllank
fracture, Kgy_,, for scuffing, and, K 5_,, for micropitting are determined baséd on a given load spectrum
representing the duty cycle as detailed in the following subclauses. Lead spectra in the context of the
ISO 6336 series include all relevant conditions (e.g. torque, speed, température, direction of powerflow,
...) and are Joad duration distribution spectra.

The load splectra in this method are determined by means of@areful measurements and a subsequent
analysis of the measurement data, a comprehensive mathematical analysis of the system, or or} the
basis of relipble operational experience in the field of application concerned.

5.2.2 Fadqtor Kj;, 4 for pitting along ISO 6336-2

For pitting|rating, a method of calculating .the effect of the loads under this condition is given in
ISO 6336-6{This method is based on the calculation principles documented in ISO 6336-2. Furthernpore,
knowledge pbout the basic S-N curve for, the considered damage mechanism shall be available, elther
from experjmental investigations or from reference values included in ISO 6336-2. For calculation, the
equivalent tangential load according to'ISO is represented by the nominal tangential load multipligd by
the applicatjion factor, Kj;5_,, according to ISO 6336-6.

NOTE (hen calculating service life and/or safety according to ISO 6336-6, the application factor, Kj4.,, is
set to 1,0.

5.2.3 Facqtor Ky, gfor tooth root breakage along ISO 6336-3

For bending fatigue rating, a method of calculating the effect of the loads under this condition is given in
1SO 6336-6] Phis method i is based on the calculatlon principles documented inISO 6336-3. Further nore,
knowledge pOoU SE oy S-N—Turve 1o cconsidered da dgt S aitbeavai cither
from experimental investigations or from reference values included in ISO 6336-3. For calculatlon the
equivalent tangential load according to ISO is represented by the nominal tangential load multiplied by
the application factor, Kp4_5, according to ISO 6336-6.

NOTE When calculating service life according to ISO 6336-6, the application factor, Kg,_,, is set to 1,0.

5.2.4 Factor Kgp,_4 for tooth flank fracture along ISO/TS 6336-4

For tooth flank fracture it is known that loads in the area of limited life may lead to a reduced endurance
limit and should therefore be considered for rating. However, no general method to determine the
cumulative effect of the duty cycle is presented in the ISO 6336 series as there are no methods available
for calculating this service life. Correspondingly, the calculation of an equivalent torque value from the
load spectrum is not applicable for the rating against this failure mode.
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Application factors, Kgpps 4, may be chosen as per Method B, see 5.3.

5.2.5 Factor Ky, _, for scuffing along ISO/TS 6336-20/ISO/TS 6336-21

1:2019(E)

For scuffing, the rating shall be performed with all conditions in the load spectrum/duty cycle in order
to identify the worst combination of speed, load and possibly other parameters such as lubricant,
temperature, ageing of the lubricant, direction of powerflow, resulting in the lowest safety factor. In
this case the application factor, Ky,_,, is set to 1,0.

5.2.6 Factor K, ,_, for micropitting along ISO/TS 6336-22

For

presented in the ISO 6336 series as there are no methods available for calculating the servid

on

spedtrum is not applicable for the rating against this failure mode.

In order to estimate the risk of micropitting for the whole duty cycle, it is feeommended

an e
lubr

If no
appl

5.3

5.3.

The
Kga-
is a
acco
This
dire

Itis
be ¢
belo

5.3.2

The
toot

1

icropitting rating, no general method to determine the cumulative effect of theCd

uty cycle is
e life based

neric S-N curves. Correspondingly, the calculation of an equivalent torque value fr¢m the load

perience-based detailed analysis of the occurring operating condijtions in terms of
cant and temperature.

further information is available, the application factor, Kj;,_, obtained for pitting dam
jed as Kjp 4.

Method B — Factor K, g

General

ppplication factors, Ky g, for pitting, K, _p, for'tooth root breakage, Ky _p, for tooth fla
, for scuffing, and, K; 5 g, for micropitting shall be chosen as described below. The basis
biven nominal load, F,. The application(factor, K, g, is used to modify the value of F,

to perform
oad, speed,

ges may be

nk fracture,
bf Method B
o take into

unt loads, additional to nominal loads, which are imposed on the gears from external sources.

adjusted load K,'F, is then combined with all other relevant conditions (e.g. speed, t¢
Ction of powerflow, etc.).

recommended that the purehaser and gearbox manufacturer agree on the value of K
hosen based on experiefice” If no further information is available, the values for K, y a
v may be used.

. Guide valuesfor application factor, K,

empirical values given in Table 4 may be used for any application factors (Kj; . for pitti
h root breakage, Kppy_p for tooth flank fracture, Ky, _g for scuffing and K, ,_g for micropit

Table 4 — Application factor, K,

mperature,

which shall
s described

ng, Kp.p for
ting).

Working characteristic of

Working characteristic of driven machine

driving machine Uniform Light shocks | Moderate shocks

Heavy shocks

Uniform

1,00 1,25 1,50

1,75

Light shocks

1,10 1,35 1,60

1,85

Moderate shocks

1,25 1,50 1,75

2,00

Heavy shocks

1,50 1,75 2,00

>2,25

The value of K,y is applied to the nominal torque of the machine under consideration. Alternatively,
it may be applied to the nominal torque of the driving motor as long as this corresponds to the torque
demand of the driving machine.
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The values only apply to transmissions, which operate outside the resonance speed range under
relatively steady loading. If operating conditions involve unusually heavy loading, motors with high
starting torques, intermittent service or heavy repeated shock loading, or service brakes with a torque
greater than the driving motor, the safety of the static and limited life gear load capacity shall be

verified (see ISO 6336-2 and ISO 6336-3).

EXAMPLE 1

EXAMPLE 2
considerable

EXAMPLE 3
can occur.

EXAMPLE 4
occur briefly
completely a

Informatior
peak torqug

protection for unsynchronized switching of electrical machines), etc.

Thus, in cri
reached on

If special a
of a variab
classificatid

Where ther]
into considsé
the calculat]

It is assumdq

only marginal overload capacity, designs should be laid out for endurance at peak loading.

The K, 5 v{
or torque
characteris

Table 5 to Tj

Turbine/generator: in this system, short-circuit torque of up to 6 times the nominal torque can
occur. Such overloads can be shed by means of safety couplings.

Electric motor/compressor: if pump frequency and torsional natural frequency coincide,

alternating stresses can occur.

Heavy plate and billet rolling mills: initial pass shock torque up to 6 times the rollingtd

Drives with synchronous motors: alternating torque up to 5 times the nominal, torqug
(approximately 10 amplitudes) on starting; however, hazardous alternating torque ‘can oftg
oided by the appropriate detuning measures.

depends on the mass spring system, the forcing term, safety preeatitions (safety coup

ical cases, careful analysis should be demanded. It is then récommended that agreeme}
suitable actions.

bplication factors are required for specific purposes;ythese shall be applied (e.g. bec
e duty list specified in the purchase order, for marine gears according to the rules
n authority).

e are additional inertial masses, torques resulting from the flywheel effect are to be t
ration. Occasionally, the braking torque provides the maximum loading and thus influe
ion of the load capacity.

d the gear materials used will haveradequate overload capacity. When materials used

ilue for light, moderate and heavy shocks can be changed by using hydraulic coup
matched elastic couplings, and especially vibration attenuating couplings when
Fics of the couplings permit.

hble 7 show examplés of working characteristics of different driving and driven machin

T

ble 5 — Examples for driving machines with various working characteristics

and numerical values provided here cannot be generally applied,-The magnitude of

rque

can
n be

the
ling,

it be

ause
of a

hken
nces

have

ings
the

€s.

Wo

i‘king characteristic Driving machine

Uniform

Electric motor (e.g. d.c. motor), steam or gas turbine with unifor

m

operation? and small rarely occurring starting torquesP.

Light shocks

Steam turbine, gas turbine, hydraulic or electric motor
(large, frequently occurring starting torquesPb).

Moderate shocks

Multiple cylinder internal combustion engines.

Heavy shocks

Single cylinder internal combustion engines.

a

b

Based on vibration tests or on experience gained from similar installations.

See life factors, Zy, Yy, for the material; ISO 6336-2 and ISO 6336-3 shall apply. Consideration of momentarily acting
overload torques, see EXAMPLESs 1 to 4 following Table 4.
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Table 6 — Industrial gears — Examples of working characteristics of driven machines

Working characteristic

Driven machines

Uniform

Steady load current generator; uniformly loaded conveyor belt or
platform conveyor; worm conveyor; light lifts; packing machinery;
feed drives for machine tools; ventilators; light-weight centrifuges;
centrifugal pumps; agitators and mixers for light liquids or uniform
density materials; shears; presses, stamping machines?; vertical
gear, running gearb.

Non-uniformly (i.e. with piece or batched components) loaded con-
veyor belts or platform conveyors; machine-tool main drives; heavy

Light shocks

[ifts; crane slewing gear; industrial and mine ventilatord; heavy
centrifuges; centrifugal pumps; agitators and mixers foi| viscous
liquids or substances of non-uniform density; multi*cylihder piston
pumps; distribution pumps; extruders (general); calendprs; rotat-
ing kilns; rolling mill stands¢, (continuous zinc and alumjinium strip
mills, wire and bar mills).

Moderate shocks

Rubber extruders; continuously operating mixers for rupber and
plastics; ball mills (light); wood-working machines (gang saws,
lathes); billet rolling mills®d; liftinggear; single cylinder] piston
pumps.

Heayy shocks

Excavators (bucket wheel drives); bucket chain drives; dieve drives;
power shovels; ball mills{(heavy); rubber kneaders; crughers (stone,
ore); foundry machines;’heavy distribution pumps; rotary drills;
brick presses; de-barking mills; peeling machines; cold dtrip®¢;
briquette presses;breaker mills.

d  Torque from current limitation.

a2 Nominal torque = maximum cutting, pressing or stampingtorque.
b Nominal torque = maximum starting torque.

¢ Nominal torque = maximum rolling torque.

¢ K,pgupto2,0because of frequent strip cracking.

Table 7 — High speed gears and gears of similar requirement — Examples of working
characteristics of driven machines

Working characteristic

Driven machine

Centrifugal compressors for air conditioning installation, for pro-

Unifform cess gas; dynamometer — test rig; base or steady load ggnerator
and exciter; paper machinery main drives.
Centrifugal compressors for air or pipelines; axial compressors;
centrifugal fans; peak load generators and exciters; centfrifugal
Light shocks pumps (all types other than those listed below); axial-flopw rotary

pumps; paper industry; Jordan or refining machine, madhines, ma-
chine auxiliary drives, stamper.

Moderate shocks

Rotary-cam blower; rotary-cam compressor with radial flow;
piston compressor (3 or more cylinders); ventilator suction-fans,
mining and industrial (large, frequent start-up cycles); centrifugal
boiler-feed pumps; rotary cam pumps, piston pumps (3 or more
cylinders).

Heavy shocks

Piston compressor (2 cylinders); centrifugal pump (with water
tank); sludge pump; piston pump (2 cylinders).
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6 Internal dynamic factor, K|,

6.1 General

The internal dynamic factor makes allowance for the effects of gear tooth accuracy and modifications
as related to speed and load. High accuracy gearing requires less derating than low accuracy gearing.

It is generally accepted that the internal dynamic load on the gear teeth is influenced by both design
and manufacturing.

The internal dynamic factor K, is defined as the ratio of the total mesh torque at the operating speed to

the mesh torque with perfect gears.

The produc
total mesh {

“Perfect” gg
(design) me
dynamic eff

at tooth me
gears, therg

6.2 Para

6.2.1 Deg
The design
— pitchlin
— tooth ¢
— inertia
— tooths
— lubrica
— stiffnes

— critical

6.2.2 Ma

The manuf3

orque at the operating speed to the nominal transmitted (design) mesh torque,.

ars are defined as having zero quasi static transmission error at the norhinal transm
sh torque. They can only exist for a single load and, with proper modifieations, have
ects [e.g. zero transmission error (perfect conjugate action), zero excitation, no fluctud
sh frequency and no fluctuation at rotational frequencies]. With‘zero excitation fronj
is zero response at any speed.

meters affecting internal dynamic load and calculations
ign

parameters include the following:

e velocity;

ad;

and stiffness of the rotating elemeénts;

iffness variation;

t properties;

s of bearings and casestructure;

speeds and internal vibration within the gear itself.

hufacturing

cturing considerations include the following:

L of the application factor K, and the internal dynamic factor K, is defined as thesgatio of the

tted
Zero
ition
| the

— pitch de¢

pviations;

— runout

— tooth fl

of reference surfaces with respect to the axis of rotation;

ank deviations;

— compatibility of mating gear tooth elements;

— balance of parts;

— bearing fit and preload.
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6.2.3 Transmission perturbance

Even when the input torque and speed are constant, significant vibration of the gear masses and
resultant dynamic tooth loads can exist. These loads result from the relative displacements between
the mating gears as they vibrate in response to an excitation known as transmission error. The ideal
kinematics of a gear pair require a constant ratio between the input and output rotations. Transmission
error is defined as the departure from uniform relative angular motion of a pair of meshing gears.
It is influenced by all deviations from the ideal gear tooth form and spacing due to the design and
manufacture of the gears, and to the operational conditions under which the gears shall perform. The

latter include the following.

a) Pitchline velocity: the frequencies of excitation depend on the pitch line velocity and mpdule.

b) [Gear mesh stiffness variations as the gear teeth pass through the meshing cycle; this source of
pxcitation is especially pronounced in spur gears. Spur and helical gears with total contact ratios
breater than 2,0 have less stiffness variation.

c) [fransmitted tooth load: since deflections are load-dependent, gear tooth profile modifijcations can
be designed to give uniform velocity ratio only for one magnitude oflead. Loads differgnt from the
Hesign load will give increased transmission error.

d) Pynamic unbalance of the gears and shafts.

e) WApplication environment: excessive wear and plastic deformation of the gear togth profiles
ncrease the transmission error. Gears shall have a propefly designed lubrication syster, enclosure
hnd seals to maintain a safe operating temperature and'a contamination free environmlent.

f) Phaftalignment: gear tooth alignment is influengéd by load and thermal deformations ¢f the gears,
chafts, bearings and housing.

g) Excitation induced by tooth friction.

6.2.4 Dynamic response

The effects of dynamic tooth loads are’influenced by the following:

— mass of the gears, shafts, and other major internal components;

— ptiffness of the gear teeth, gear blanks, shafts, bearings and housings;

— Hdamping, the principal sources of which are the shaft bearings and seals, while other soufces include
hysteresis of the)gear shafts and viscous damping at sliding interfaces and shaft couplings.

6.2.5 Resohances

Whaen excitation frequencies (such as tooth meshing frequency and its harmonics) coincide or nearly

coinfide with a natural frequency of vibration of the gearing system, the resonant forced vibration can

caus€ high dynmamic tooth toading. When the magnitude ot internat dynamic foad at a speed involving
resonance becomes large, operation near this speed should be avoided.

a) Gear blank resonance

The gear blanks of high speed, lightweight gearing can have natural frequencies

within the

operating speed range. If the gear blank is excited by a frequency which is close to one of its natural
frequencies, the resonant deflections could cause high dynamic tooth loads. Also, there is the
possibility of plate or shell mode vibrations which can cause the gear blank to fail. The dynamic
factors, K, (from the following Methods B and C) do not take account of gear blank resonance.
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b) System resonance

The gearbox is only one component of a system comprised of a power source, gearbox, driven
equipment and interconnecting shafts and couplings. The dynamic response of this system depends
on the configuration of the system. In certain cases, a system could possess a natural frequency
close to the excitation frequency associated with an operating speed. Under such resonant
conditions, the operation shall be worked out carefully as mentioned above. For critical drives,
a detailed analysis of the entire system is recommended. This should also be taken into account
when determining the effects on the application factor.

6.2.6 Application of internal dynamic factor for low loaded gears

Gears that gre loaded with a line load of lower than (F; - K, . K,) / b = 100 N/mm are typically defined
as low loadpd gears related to the internal dynamic factor. For gears that are loaded with aline |load
of lower than (F, - K, - K|) / b = 50 N/mm, a particular risk of vibration can exist deperidant on jgear
accuracy arld pitch line speeds.

Method B
low loaded

1 for
g Oor

C represents one model for the calculation of dynamic factor. This model is not vali
gears and values of K, 5 or K, - = 2 might be calculated. When cases exist where K,

K,.c > 2, thy
existsand t

If the gears
orK,.>2,
calculation;

If the gears
orK, > 2,
be avoided,
to establish

calculationg.

In general,

the require
above for |
investigatig

6.3 Pring

In accordan
from Methg

Given optimjum profilé modification appropriate to the loading, a suitable overlap ratio and transy

contact rati
loading, the
value 1,0. Ifi

e problem becomes significantly more complex as the possibilitynoPtooth flank separ4

are operated outside of their resonance condition and the{calculated dynamic factor ig
fhe dynamic factor shall be set to K, or K, . = 2. This value shall be used for load cap
according the ISO 6336 series, due to the described restrictions of the calculation mod

are operated within their resonance area (N = 1).ahd the calculated dynamic factor ig
the restriction recommended in 6.5.2 b) is valid*“Operation in this range should gene
..., and a specific or more detailed analysis;according to Method A should be perfor
an appropriate dynamic factor, K. This-factor shall be used in the ISO 6336 (all p

11l dynamic investigations or detailed analyses should be defined based on experience
ments of the application. The gear designer may use higher or lower values than descy
(, Method B or C both outside and inside the resonance area based on their dyn
ns or field experience.

fiples and assumptions

ce with the specifications of 4.1.16, methods for determining K, are given in 6.4, 6.5 and
d A (K,.,) toMethod C (K,_¢).

ition

he interaction with the entire dynamic system of stiffness and damping is highly influential.

K_V_B
hcity
el.

KV-B
rally
med
hrts)

and
ibed
hmic

6.6,

erse

p, ever'distribution of load over the face width, highly accurate teeth and high specifict
valu€ of the dynamic factor approaches 1,0. The calculated value of K, may be less tha
the calculated value of K, is less than 1,0, the value 1,0 shall be used for K..

poth

tl\ the

In gear trains which include multiple mesh gears such as idler gears and epicyclic gearing, planet and sun
gears, 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, resonance
of higher natural frequencies occurs and may lead to a higher dynamic factor.

Transverse vibrations of the shaft gear systems will also influence the dynamic load. Transverse
compliance of a shaft gear system can result in coupled vibrations where the pinion and/or wheel
combine torsional and lateral vibrations. This results in more natural frequencies than the one formed
by just a pinion and wheel and may lead to a higher dynamic factor, K.
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Inthe case ofhigh specificloading, high values of (F; - K, - K ) / b, high values of ( vz, /100) u? /( 1+u? ) ,

and having the corresponding accuracy of gear cutting, tooth tips and/or roots should be suitably
relieved.

6.4

Methods for determination of dynamic factor

6.4.1 Method A — Factor K, ,

The maximum tooth loads, including the internally generated dynamic additional loads and the uneven

distributionoefleadsasdeseribedinHeauseSaredeterminedin Methed A by meastres
comprehensive dynamic analysis of the general system. Under these circumstances K, (jus
Kg,)|is assumed to have a value of 1,0.

K, cqn also be assessed by measuring the tooth root stresses of the gears when transmittin
working speed and at a lower speed, then comparing the results.

The [factor K, may be determined by a comprehensive analytical proceddre which is sy
expgrience of similar designs. Guidance on procedures can be found intheliterature.
Religble values of the dynamic factor, K, can best be predicted by a mathematical model whi
satidfactorily verified by measurement.

6.4.2 Method B — Factor K,

For this method the simplifying assumption is made>that the gear pair consists of an

sing
bein
sing
ass
the

In aq
are
with

Itis
has

bear
da

Calc
than

6.4.3

m
l;Linion of the next is relatively low.

merzfod. This do€snot apply in the range of main resonance (see 6.5.5).

e mass and the spring system comprising the combined masses of pinion and wheel, t
I the mesh stiffness of the contacting teeth..Jt\is also assumed that each gear pair fu
e stage gear pair, i.e. the influence of otherstages in a multiple stage gear system is ig

ption is permissible if the torsional stiffness of the shafts connecting the wheel of on{

cordance with this assumptions/lgads due to torsional vibration of the shafts and couj
not covered by K. These latter loads should be included with other externally applie
the application factor).

further assumed, in the\evaluation of dynamic factors by Method B, that damping at th
hn average value. (Other sources of damping such as friction at component interfaces
ings, couplings, etC, are not taken into consideration.) Because of these additional

ing, the actuakdynamic tooth loads are normally somewhat smaller than those calcul

3 m/s. Method C is sufficiently accurate for all cases in this range.

1lation 0fK,, by this method is not recommended when the value (v z, /100 )\ Ju? /( 14

ent or by a
[ as K}y, and

y load at the
pported by

ch has been

elementary
he stiffness
hctions as a
nored. This
e stage with

bled masses
1 loads (e.g.

b gear mesh
hysteresis,
sources of

ated by this

u? ) is less

Method C — Factor K,

Method C is derived from Method B by introducing the following additional simplifying assumptions.

a)
b)
c)
d)
e)

The running speed range is subcritical.

Steel solid disc wheels.

The pressure angle a; = 20°; f,,;, = f, cos 20° according to ISO/TR 10064-1.
Helix angle B = 20° for helical gearing (refers to ¢, Cyed-

Total contact ratio €, = 2,5 for helical gearing.
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f) Tooth stiffness (see 9.3):
— Forspurgears, ¢ =14 N/(mm-um), Cye = 20 N/(mm-pm);
— For helical gears, ¢’ =13,1 N/(mm-pm), Cye = 18,7 N/(mm-pm).
g) Tiprelief C, = 0 um and tip relief after running-in €, = 0 pm.
h)  Effective deviation f,p et = frq efr
i)  For assumed values for f;, y, and f,;, ¢ see Formulae (18) and (19).

The feature
The influen

6.5 Dete

5 described in b.5.2 a) have not been taken into consideration in the application of Meth
ce of specific loading is taken into account.

rmination of dynamic factor using Method B: K|

6.5.1 General

According 1
transmissig
principle, fq
and operati

The resonal
6.5.32). The
and superct

NOTE T
determined

from measut
occur when {

o the preconditions and assumptions given in 6.4.2, Method B is-suited for all typ
n (spur and helical gearing with any basic rack profile and any gear tolerance class) an
r all operating conditions. However, there are restrictions for{gértain fields of applics
pn which will be noted in each case and should be taken inte‘account.

ice ratio N (ratio of the running speed to the resonancespeed) is determined as describ
entire running speed range can be divided into three'sectors — subcritical, main reson
itical. Formulae are provided for calculating K, in @€ach sector.

he dynamic factors calculated from the formulae_in 6.5.4 to 6.5.7 correspond to the experimer
mean dynamic tooth load values. In the subcritieal and main resonance ranges, values of K, de
ement data usually deviate from the calculated values by up to +10 %. Even greater deviation
here are other natural frequencies in the gear and shaft system. See 6.5.2 a), 6.5.4 and 6.5.5.

6.5.2 Ru
a)

Subcrit

ning speed ranges

cal range (operation belowsrésonance speed)?3)

b)

In this $ector, resonances can €xist if the tooth mesh frequency coincides with N=1/2 and N =
Under quch circumstances the)dynamic loads can exceed the values calculated using Formula
The rigk of this is slightfor precision helical or spur gears, if the latter have suitable pr
modifidation (gears to-tolerance class 5 of ISO 1328-1:2013 or better). When the contact rat
spur gears is small orif the accuracy is low, K, can be just as great as in the main resonance s
range. If this occufis;the design or operating parameters should be altered.

Resonapces atlV'= 1/4, 1/5, ... are seldom troublesome because the associated vibration amplit

bd C.

bs of
d, in
ition

bd in
hnce

tally
Fived
5 can

1/3.
(13).
ofile
io of
beed

udes

K, - mMm, a particular risK of vibration exists (U
some circumstances, with the separatlon of working tooth flanks) — above all for spur or helical
gears of coarse tolerance class running at a higher speed.

Main resonance range (operation close to resonance speed)

Operation in this range should generally be avoided, especially for spur gears with unmod

nder

ified

tooth profiles, or helical gears of tolerance class 6 or coarser as specified in ISO 1328-1:2013.

Helical gears of high accuracy with a high total contact ratio can function satisfactorily in

2)

3)

28

this

When it is known in advance that gears will operate in the supercritical sector, there is no need to evaluate the
resonance speed. As a consequence, the dynamic factor can be directly determined in accordance with 6.5.6.

For a definition of N, see Formula (9). In practice, the calculated resonance sector is broadened to ensure a safe
margin. See Formulae (10) and (11) and the preamble thereto.
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sector. Spur gears of tolerance class 5 or better as specified in SO 1328-1:2013 shall have suitable
profile modification.

c) Supercritical range (operation above resonance speed)

The same limitations on gear tolerance class as in b) apply to gears operating in this speed range.
Resonance peaks can occur at N = 2, 3 ... in this range. However, in the majority of cases vibration
amplitudes are small, since excitation loads with lower frequencies than the meshing frequency are
usually small.

For some gears in this speed range, it is also necessary to consider dynamic loads due to transverse
gaarxr and chafy sccnabline fcan £ 4 9 T cpiti ool £oonainn oy ic o

Hhration-etthe searahdshattassemblies{see——FHtheeriteat frequeneyisnearthe frequency
pf rotation, the associated effective value of K, can exceed the value calculated using-Fprmula (21)
by up to 100 %. This condition should be avoided.

6.5.3 Determination of resonance running speed (main resonance) of a gear pair

Thislis as follows:

30000 | ¢
E:E —— — (6)
nzy Myeq

whefe m,.q4 is the relative mass of a gear pair, i.e. of the mass-per unit face width of each gdar, referred
to ity base radius or to the line of action.

* * * *

L, = MMy J11, (7)
red = x * % 2 * 9

my+my  Jy 15, ph

whele

*

J12
* )
M2=7 ®)

and [y, is the base radius.

See $.5.9 for the method of calculating an approximate value of m,..4. See Clause 9 for the stiffness c,,.

If a gpecific transmission-design does not align with the simplifications of Method B as described in
6.4.4, then Method A’ should be used. A method for deriving approximate values is specified for the
following cases, se€ 6.5.8:

a) fwo neighbouring gears rigidly joined together;

b) pne big-wheel driven by two pinions;

c) pimple planetary gears;

d) idler gears.

The ratio of pinion speed to resonance speed is termed the “resonance ratio”, N (n, is in revolutions per
minute):

n n, mz m
N= 1 — 1 1 red (9)
ng; 30000 ¢,

The resonance running speed ng; may be above or below the running speed calculated from Formula (6)
because of stiffnesses and inertia which have not been included (shafts, bearings, housings, etc.) and as
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aresult of damping. For reasons of safety, the resonance ratio in the main resonance range is defined by
the following limits.

Ng <N<1,15

The lower limit, Ng, is determined:

a) atloadssuchthat (F,- K, - K) / Disless than 100 N/mm, as

b)

For resonar

Key

B N R <

Ng=0,5+0,35,
V

Ng =0,85

t

F Ky K,

uub

for loads where (F; - K, - K,) / b =100 N/mm, as

ce ratio, N, in the main resonance range, see Figure 1.

K
specific Joading;

resonanferatio, N

1eql ranaa
supercritieatrange

‘K

! N/mm

Y

1,8
i 1

1,5
B 2

115 B

L r 3

0,85 |-

0,5 4

0,3 B | | | | | | | | |
0 20 <40 60 80 100 120 140 160 180 200 X

intermediate range
main resonance range
subcritical range

Figure 1 — Resonance range

Thus, the following ranges result for the calculation of K,..

a) Subcritical range, N < Ng (see 6.5.4).

(10)

(11)

(12)

b) Main resonance range, Ng < N < 1,15 (see 6.5.5). This field should be avoided. Refined analysis by
Method A is recommended for K,..

30
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c) Intermediate range, 1,15 <N < 1,5 (see 6.5.7). Refined analysis by Method A is recommended.

d) Supercritical range, N > 1,5 (see 6.5.6).

6.5.4 Dynamic factor in subcritical range (N < N)

See 6.5.2 a) for special features; the majority of industrial gears operate in this range.

K,=(NK)+1 (13)
where
K=(Cvl Bp)+(CV2 Bf)+(CV3 Bk) (14)

(.1 allows for pitch deviation effects and is assumed to be constant at Gy;(= 0,32
(see Figure 2);

[,»  allows for tooth profile deviation effects and can be read from-Figure 2
or determined in accordance with Table 8;

[,z allows for the cyclic variation effect in mesh stiffness@@nd can be read from Figure 2
or determined in accordance with Table 8.

Table 8 — Formulae for calculation of factors C,, to.C,; and C,, for the determination of K ,
Method B (formulae relate to curves in Figures 2 and 3)

l<e,s2 €,>2
Co1 0,32 0,32
0,57
Cyo 0,34 c 03 0.3
14
0,096
Cvs 0,23 e, —1,56
Y
0,57-0,05 €,
Cos 0,90 _—
e, —1,44
Y
Cys 0,47 0,47
0,12
Coe 0,47 e, - 174
1<sys 1,5 1,5<£y5 2,5 ), > 2,5
Cy7 0,75 0,125 sin [r(g, - 2)] + 0,875 1,0
7
1 | OHii
NOTE1 C, =— | — _18,45 | +1,5
Y 18 97
NOTE 2 When the material of the pinion (1) is different from that of the wheel (2), C,; and C,, are calculated separately,
then C,, = 0,5 (Cyyq1 + Cyy0)-
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Key

X  contact
Y factor, C

NOTE

32

09

0,75

0,47
0,34
0,374
0,23

F

\ C v5
CV6 \
CVZ \ \ C vl
AN \\
Cv3 \\\
\§\ \\
— —
—_— L
—
1 2 3 4 7 8 X
Fatio, g,
br the formulae used for calculation, see Table8.

Figure 2 — Values of C; to C,5 for determination of K, ; (Method B)
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15

10 AN

500 1000 1500 X
Key
X  pllowable stress number, oyy;,,,, N/mm?2
Y tip relief, Cay, pum

NOTE When the pinion material (1) is different from the wheel (2) then Coy = 0,5 (Cay1 + Cay2)'
Figure 3 — Tip relief C,, produced by running-in (see Table 8 for calculation)

B, B¢ and By are non-dimensional parameters to take into account the effect of tooth deyiations and
proffjle modifications on the dyndmic load®).

¢ fobefe
g —_ -poell (15)
P K,K,(F. /D)
B — C,ff(xeff (16)
=
KK, (Fy /D)
< _c'-min(Cal+Cf2,Caz+Cf1) a7

KaKy (Fe /b)

The effective base pitch and profile deviations are those of the “run-in” pinion and wheel. Initial
deviations are generally modified during early service (running-in). The values of f,j, .¢r and fg, o¢r are
determined by deducting estimated running-in allowances (y, and yy) as follows:

Jobett = fob = Vp (18)

4)  Formula (17) is not suitable for the determination of an “optimum” tip relief C,. The amount C, of tip relief may
only be used in Formula (17) for gears of ISO tolerance class in the range 1 to 5 as specified in ISO 1328-1:2013. For
gears in the range 6 to 11, B, = 1,0. Also see 4.1.16.
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St eft = Fro = Vs (19)

Considerations of probability suggest that, in general, magnitudes of transmission deviation will not be
greater than the allowable values of f,;, and fg, for the wheel, which are larger. They are therefore used
in Formulae (18) and (19) respectlvely, these are usually the values for the largest wheel.

In the event that neither experimental nor service data on relevant material running-in characteristics
are available (Method A), it can be assumed that y,, = y,,, with y, from Figure 17 or 18 or 8.3.6.2. y; can be
determined in the same way as y, when the proflle deviation fg, is used instead of base pitch deviation fy,.

C, is the desg

ountfornrofilamaodificationtin rn] afatthobhaginning and an
1o P TcIrc-o

dao
oo

rent).

A value C,
without a s
according t

See Clause

6.5.5 Dynpamic factor in main resonance range (Ng <N < 1,15)

Subjecttor

See 6.5.4 for

C,, takes infto account resonant torsional oscillations of the'gear pair, excited by cyclic variation o

mesh stiffn

NOTE T
factor can d
gears with ir

6.5.6 Dymamic factor in supercritical range (N 2 1,5)

100N 2 D o
[fo T o T P oTrC o IcacroT(of Tror eI S o o Ot

resulting from running-in is to be substituted for C, in Formula (17) in the case.0f g
pecified profile modification. The value of C,, can be obtained from Figure 3 of calcul
p Table 8.

 for single tooth stiffness c'.

pstriction (see 6.5.2 b), this factor is equal to

By )+(Cop By ) +(Cy By )1

vl “p

C

details regarding C, 4, C,,,

B, Byand By.

bss. [ts value can be taken from Figure 2 or. caleulated as indicated in Table 8.

he dynamic factor at this speed is strongly influenced by damping. The real value of the dyn
bviate from the calculated value [see Formula (20)] by up to 40 %. This is especially true for
correctly designed profile modificatiof.

ears
ated

(20)

ff the

amic
spur

Most high grecision gears used in turbine and other high-speed transmissions operate in this seftor;
see 6.5.2 c) ffor features.
K, =(Cs By )+(Cy6 BOFC,7 (21)

In this rang
range. See §

C,7 takes in

p, the influerices on K, of C, 5 and C,¢ correspond to those of C
.5.4 for'data on these factors and on B, and B.

C,1and C

to‘account the component of load which, due to mesh stiffness variation, is derived

tooth bending-deflections during substantially constant speed

2 on K, in the subcritical

‘Tom

C

v5r Gy and

C,7 can be obtained from Figure 2 or calculated according to Table 8.

6.5.7 Dynamic factor in intermediate range (1,15 < N < 1,5)

In this range, the dynamic factor is determined by linear interpolation between K, at N = 1,15 as

specified in

K, =K,

6.5.5 and K, at N = 1,5 as specified in 6.5.6.

K,(N=1,15)-K, (N=1,5)

N=1,5)+
( ) 0,35

(1,5-N)

See 6.5.5 and 6.5.6 for details and explanatory notes.

34
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6.5.8 Resonance speed determination for specific gear designs

6.5.8.1 General

The resonance speed determination for specific transmission designs, which do not align with the
simplifications of Method B as described in 6.4.2 should be made with the use of Method A. However,

othe

r methods may be used to approximate the effects. Some examples are as follows.

6.5.8.2 Two rigidly connected coaxial gears

diffe

6.5.8.3 One large wheel driven by two pinions

See
mes

6.5.8.4 Planetary gears

Beca
vibr
simy
folloj
subs
also

a)

e

rent (see also 6.5.3).

hlso 6.4.2. As the mass of the wheel is normally much greater than theqmasses of the p
h can be considered separately, i.e

hs a pair comprising the first pinion and the wheel, and

hs a pair comprising the second pinion and the wheel.

use of the many transmission paths which inclide stiffnesses other than mesh st
htory behaviour of planetary gears is very complex. The calculation of dynamic load f3
le formulae, such as Method B, is generally guiite inaccurate. Nevertheless, Method B
ws can be used for a first estimate of K. This’estimate should, if possible, be verified by
equent detailed theoretical or experimental analysis, or on the basis of operating exp
the comments in 6.4.2.

Ring gear rigidly connected to thiegear case

n this case, the mass of the.ring gear can be assumed to be infinite, the ring gear worl
Connection of the vibrating system. Under the presupposition that the vibrating system i

-an often be
e markedly

nions, each

iffness, the
ctors using
modified as
r means of a
brience. See

ks as a rigid
s decoupled
remaining

from the other driving\elements (connection with low stiffness against torsion), thg
kystem consisting pfisiin and planets including the tooth contact between the sun an

humber of.the sun for z;. The reduced masses, m..4

*

*
mpla Mgy

mred,l = (

* *
pm., )+m
pla— S

the planet

hnd respectively; hetween the planet and the ring gear, possesses two resonance frequencies.
[hese can be detérmined in a similar fashion to Formula (6) using two reduced magses, M 1,
M,.eq 2 Wheré/iistead of ¢, the single tooth contact stiffness of a planet is to be used and the tooth
1and m.q 5, can be determined as fpllows.

(23)

\

*

mred,2 = mpla
with

4
T dm pla
Myla =74

2 (1_qgla)ppla
pla
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where

m*gun, is the moment of inertia per unit face width of the sun gear, divided by r?, (.,
where ry ¢ = dp sun / 25

m'a is the moment of inertia per unit face width of a planet gear, divided by %, ,,,
where ry, 1, = dy 1o / 2;

p is the number of planet gears in the gear stage under consideration;

dm dia is the mean diameter for calculating reduced gear pair mass for planetary gears,
see Formula (31);

dpla is the auxillary factor for planetary gears, see Formula (32);

Ppla is the density.

It shall pe observed that F; in Formulae (15) to (17) is equal to the whole peripheral load of thg sun
divided by the number of planets p. The dynamic factor, K, ; /,, can be estimated using the resonpnce
speed, f1p 1/, calculated with m,q 1 ,; for further calculation the largen of the two factors K, 4, is
to be uged.

b) Rotating ring gear

In this [case, it is mostly necessary to make a detailed analysis of the vibrating system. Only in

the special case of much greater reduced masses of th€'sun, m’y,,, and the ring gear, m" ;.| the
calculation described in 6.5.8.3 can be assumed:
7 B i
. mring 4
Myjng = 8 d2 ( 1 ~ring )pring (26)
bring
where
m", hg is the moment of inextia per unit face width of the ring gear, divided by r2, ring’
where ry, ring = dy ring/ 2;
dmrng s the mean diameter for calculating reduced gear pair mass for ring gears,
see Formulay(31);
Grink is the'auxillary factor for ring gears, see Formula (32).

6.5.8.5 Idler gears

The following-ealculation procedure is an extension of the approximate two mass model and falls upder
the limitations of 6.4-Z-

For the calculation of the resonant frequencies of an idler gear, it is necessary to use a mechanical model
with several degrees of freedom. Using the presuppositions made in Method B or C5), this model can be
reduced to three degrees of freedom. With the system of formulae belonging to this substituting model,
two resonant frequencies (resonant speeds, ng;, ,) can be calculated:

ey 5 =00 \/1(31\/32—46) (27)

Tz, 2

5) These presuppositions are a connection with low stiffness of torsion to the other driving elements and a high
flexural strength of the gear shafts.
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_ 11 11
B=Cy 12| —5+—5 [FCuas| =+
my

C

*
my m, mg
* * *
ml + mz + m3

=c c
ya,1/2 =yo,2/3 * k%
my my, ms

whe

For 1

K, m

the highest K|, shall be considered.

6.5.9 Calculation of reduced mass of gear pair with‘external teeth

App
forn{

whe

See

ml,m2 — )
d. d.
il i2
11 = T =
dml dm2
Figure 4.

T

n*1/2/3 are the moments of inertia per unit face width of the smaller gear (pinien),
the idler gear and the larger gear, related to the path of contact;

— is the mesh stiffness of the combination driving gear — idler gear;
Cya,2/3 is the mesh stiffness of the combination idler gear — driven, gear.
he calculation of the mesh stiffness, see Clause 9.

ay be determined by Method B using N as the least favorable'ratio, i.e. the N ratio whig

1,; is the base diameer;

; o102t

(28)

(29)

h results in

(30)

roximate values of reduced mass which are sufficiently accurate can be derived from the following
ulae:
2 2
- _n dml dml
red —
8| dy; 1 N 1
(1-af)py (T4 )pyu?
Fe

(31)

(32)

Formulae (30) to (32) apply to external double helical, external single helical and external spur gears.
They ignore the masses of web and hub because of their negligible influence on the moment of inertia.
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For pinions

1-qf =

- —————

Figure 4 — Definitions of the various diameters

and wheels of solid construction:

1;1-q4 =1

The calcula
only valid yhere the masses of the rim are directly connected to-the gear rim. More distant mg
on the samp shaft are ignored, since the stiffness of the interconnecting shaft is generally of mj

significancg

6.6 Dete

6.6.1 General

In conjunct]
values whid
the followin

a) subcrit
6.4.3 a)
b) externg

c) basicrg

d) spuran

(33)

ion of (1 - g;%) or (1 - g,*) for a gear rim whose rim width differs from the face widfth is

compared to tooth stiffness.

rmination of dynamic factor using Method C: K, ¢

ion with the conditions and assumptions described in 6.4.3, Method C supplies ave

sses
inor

rage

h can be used for industrial¢ransmissions and gear systems with similar requiremenits in

g fields of application:
cal running speed range, i.e. (vz; /100),/u? /(1+u2 ) <10m/s, where the restrictio}
apply accordinglys

1 and internal spur gears;

ck profile‘as specified in [SO 53;
d helical gears with 5 < 30°;

S in

e) pinion

with ralativalu louw numhar aftaoth - o0
vt Srorery Sy o vy oo

TCECTTZT 5

f) solid disc wheels or heavy steel gear rim®).

Method C can also generally be used, with restrictions for the following fields of application:

g) alltypes of cylindrical gears, if (vz, /100),/u? /(1+u2 ) <3m/s;

h) lightweight gear rim®);

i) helical gears where 8> 30°0),

6) Ifthe rim is very light or if helical gears have a very large overlap ratio, values obtained from Figure 5 or 6 are
too unfavourable. Thus, calculated values tend to be safe. The same applies when gears are made of cast iron.
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K, can be read from graphs (see 6.6.2) or computed (see 6.6.3). The method gives similar values.
6.6.2 Graphical values of dynamic factor using Method C

K, =(fp K350 N)+1 (34)

fr takes into account the influence of the load on the dynamic factor, K35, the influence of the gear
tolerance class at the specific loading of 350 N/mm and N is the resonance ratio [see Formula (9)].

The curves for gear tolerance class in Figures 5 and 6 extend only to the value

o Bt
(v z] /100)\/114 /(1+u*)=3m/s, which is not generally exceeded for this tolerance class,

a) For helical gears with overlap ratio €; 2 1 (also approximately for > 0,9), the cgrpectjon factor fg
shall be in accordance with Table 9 and (K35, N) shall be in accordance with Figureé 5.

b) For spur gears, the correction factor fg shall be in accordance with Table 10-and (K35, N|) shall be in
hccordance with Figure 6.

c) For helical gears with overlap ratio ¢4 < 1, the value K, is detertnined by linear irnterpolation
between values in accordance with a) and b):

KV :Kva _gﬁ (Kvoc _Kvﬂ ) (35)
whefe
K, isthe dynamic factor for spur gears usingb);

K,p  is the dynamic factor for helical gearsausing a).
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Y
1,1
1
0,9
0,8
0,7
a
0,6 11
0,5
10
0,4
03 / 9
0’2 / 6
/
0,1 — i 6
— | — 1°
: —— 4y
0 0,5 1 1,5 2 2,5 3 35 X
Key
X

(vz, /1p0)yJu* /(1+u?)
Y KzgN
a  Gear tol¢rance class in accordance with [SO 1328-1:2013, helical gears.

Figure 55— Values of K35, N for helical gears with e;> 1
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Y
1,1
1
0,9
0,8
a
11
0,7 //
0,6 /
0,5 / 10
0,4 7
/ / ’
0,3 v
0,1
Zé—/ 3
0
0 0,5 1 1,5 2 2,5 3 35 X
Key
X vz, /100)yJu? /(1+4?)
Y K3oN
a  [Gear tolerance class in accordance with ISO 1328-1:2013, spur gears.
Figure 6 — Value of K55, N for spur gears
Table 9 — Load correction factor, fi, for helical gears
Load correction factor, f
Gear tolerance (F Ky K,)/b
elass? N/mm
<100 200 350 500 800 1200 1500 2000
3 1,96 1,29 1 0,88 0,78 0,73 0,70 0,68
4 2,21 1,36 1 0,85 0,73 0,66 0,62 0,60
5 2,56 1,47 1 0,81 0,65 0,56 0,52 0,48
6 2,82 1,55 1 0,78 0,59 0,48 0,44 0,39
7 3,03 1,61 1 0,76 0,54 0,42 0,37 0,33
8 3,19 1,66 1 0,74 0,51 0,38 0,33 0,28
NOTE 1 Interpolate for intermediate values.
NOTE 2 Consider the worst tolerance class between pinion and gear.
a  Gear tolerance class in accordance with ISO 1328-1:2013.
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Table 9 (continued)

Load correction factor, f;
Gear tolerance (Fi Ky K))/b
class? N/mm
<100 200 350 500 800 1200 1500 2000
9 3,27 1,68 0,73 0,49 0,36 0,30 0,25
10 3,35 1,70 0,72 0,47 0,33 0,28 0,22
11 3,39 1,72 0,71 0,46 0,32 0,27 0,21
NOTE 1 Interpolate for intermediate values
NOTE 2 Confider the worst tolerance class between pinion and gear.
a  Gear tolgrance class in accordance with ISO 1328-1:2013.
Table 10 — Load correction factor, f, for spur gears
Load correction factor,
Gear tolerpnce class? (FtNIj‘;n Iig/ b
<100 200 350 500 800 1200 1500 2000
J 1,61 1,18 1 0,93 0,86 0,83 0,81 0,8p
il 1,81 1,24 1 0,90 0,82 0,77 0,75 0,7B
b 2,15 1,34 1 0,86 0)74 0,67 0,65 0,6p
b 2,45 1,43 1 0,83 0,67 0,59 0,55 0,5[L
y 2,73 1,52 1 0,79 0,61 0,51 0,47 0,4B
B 2,95 1,59 1 Q0577 0,56 0,45 0,40 0,3p
D 3,09 1,63 1 0,75 0,53 0,41 0,36 0,3[L
10 3,22 1,67 1 0,73 0,50 0,37 0,32 0,2
11 3,30 1,69 1 0,72 0,48 0,35 0,30 0,2¢
NOTE 1 Intefpolate for intermediate values.
NOTE 2 Conpider the worst tolerance class petween pinion and gear.
a  Gear tolgrance class in accordance with/ISO 1328-1:2013.
6.6.3 Determination by calculation of dynamic factor using Method C
a) For sp|]r gears and liélical gears with overlap ratio €52 1 (also approximately for 5> 0,9)
K, =14 LFH(Z %KS “22 (36)
2w Lt 1+u
Ut Tb

where numerical values for K; and K, shall be as specified in Table 11, and K5 shall be in accordance
with Formula (37) or Formula (38). If (F, K, K|) / b is less than 100 N/mm, this value is assumed to

be equal to 100 N/mm. See 6.5.2 a).

vz
100

vz,
100

42

u
SO,ZthenK3:2,0
1+u
2 vz 2
= >0,2thenK; =—0,357 —%, | ——— +2,071
1+u? 100 V1 +u?

(37)

(38)
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Table 11 — Values of factors K; and K, for calculation of K, - by Formula (36)

Ky K;
Tolerance class as specified in ISO 1328-1:2013 All
tolerance
3 4 5 6 7 8 9 10 11 classes
Spur gears 2,1 39 7,5 14,9 26,8 39,1 52,8 76,6 102,6 0,019 3
Helical gears 1,9 3,5 6,7 13,3 239 34,8 47,0 68,2 91,4 0,0087
Consider the worst tolerance class between pinion and gear.

b)

7.1

The
face

See]

The

k)
D)

7.2

or helical gears with overlap ratio £ < 1:

[he value K, is determined by linear interpolation between values determined for $pur

and helical gears (K, ) in accordance with 6.6.2 c). See Formula (35).

Face load factors, K3 and K

Gear tooth load distribution

face load factor takes into account the effects of the nonuniform-distribution of load o
width on the surface stress (Kyz) and on the tooth root stress (Kpp).

.2.2 and 7.2.3 for definitions of the face load factors.

extent to which the load is unevenly distributed depends on the following influences:
the gear tooth manufacturing accuracy — lead, profile and spacing;

hlignment of the axes of rotation of the mating gear elements;

blastic deflections of gear unit elements — shafts, bearings, housings and foundat
support the gear elements;

bearing clearances;
Hertzian contact and bending deformations at the tooth surface including variable toot

fhermal deformations due to the operating temperature (especially important for gear
face widths);

centrifugal defléctions due to the operating speed;
helix mogdifications including tooth crowning and end relief;

Funning-in effects;

ver the gear

ions which

h stiffness;

s with large

fotal tangential tooth load (including increases due to application factor, K,, mesh loa

d factor, Ky,

and dynamic factor, K,);
additional shaft loads (e.g. from belt or chain drives);

gear geometry.

General principles for determination of face load factors, K};z and K

7.2.1 General

Uneven load distribution along the face width is caused by an equivalent mesh misalignment in the
plane of action, comprising load induced elastic deformation of gears and housing and displacements of
bearings; it can also be caused by manufacturing deviations and thermal distortions.
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When combined, the housing and gear manufacturing deviations, deflections of the housing and
displacements of bearings always result in a straight-line deviation within the plane of action.
Elastic deformations of shafts and gear bodies always result in non-linear deviations, as well as the
deformations produced by thermal distortion resulting from uneven temperature distribution over
the face width. The undulations and the flank form deviation are superimposed on the resulting
mesh alignment. The unevenness of load distribution is reduced by running-in in accordance with the
running-in effects characteristic of the material combination.

7.2.2 Face load factor for contact stress, KHﬁ

and
dth.

Ky takes into account the effect of the load distribution over the face width on the contact stres
is (fefined ap the ratio of the maximum load per unit face width to the average load per unit face wi

K

HB =

Wmax — Fmax /b

F_/b (39)

W

tial loads at the reference cylinder are used for an approximate calculation, i.e. using the
specific loading [F,/b = (F; Kj K, K,)/b] at the reference cylinder and-the corresponding
bcal loading.

The tangen
transverse
maximum |

7.2.3 Face load factor for tooth root stress, KFB

K takes infto account the effect of the load distribution over the face/width on the stresses at the tpoth

root. It dep¢nds on the variables which are determined for Ky ; and-also on the face width to tooth depth
ratio, b/h.
7.3 MetHods for determination of face load factor,— Principles, assumptions

7.3.1 General

Several me
determinat

A detailed d
than 1,5 fon

When equil
helix modif}
face width

accuracy. In

thods in accordance with the specifications of 4.1.16 are given in 7.3.2 to 7.3.4 foy
on of the face load factors.

ontact analysis is recommended when the face/diameter ratio, b/d, of the pinion is gr¢
through hardened gears and greater than 1,2 for surface hardened gears.

ralent misalignments due to mechanical and thermal deformations are compensated fq
jcation (possibly varying over the face width), a nearly uniform load distribution ove
can be achieved.for a given operating condition, if there is a high degree of manufacty
this case théwvalue of the face load factor approaches unity. See Annex B for guidance

the

ater

r by
" the
ring
data

on face croy and

guide value

vning and end relief. See 4.1.16 for tolerance class limitations. For further information
s for KyppAfor crowned teeth of cylindrical gears see Annex C.

7.3.2 Me

thod*A — Factors Ky o and Kgp o

By this method, the load distribution over the face width is determined by means of a comprehensive
analysis of all the influence factors. The load distribution over the face width of gears under load can be
assessed from the measured values of tooth root strain, during operation at the working temperature
or, with limitations, by a critical examination of the tooth bearing pattern.

Data to be given in the delivery specification or drawing include
a) maximum (permissible) face load factor, or

b) maximum permissible total mesh misalignment under operating load and temperature, for which
the face load factor can be derived using a precise calculation method where it is also necessary
that all other relevant influences be known.
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7.3.3 Method B — Factors Ky g and Kgp

By this method, the load distribution along the face width is determined by means of computer-aided
calculations. This method depends on the elastic deflections under load, the static displacements and the
stiffness of the whole elastic system (see 7.4). The load distribution in a gear mesh and the deformations
of the elastic system affect each other. Therefore, one of the following methods shall be used:

— iterative method (see Dudley/Winter[21]);

influence factors.

7.3.4 Method CT—Factors Kyp_c and Ky ¢

By using this method, account is taken of those components of equivalent misalignment dx
and pinion shaft deformations and also those due to manufacturing deviations. Means o
approximate values of the variables include calculation, measurement and ‘experie

e to pinion
" evaluating
nce, either

indiyidually or in combination (see 7.5 and 7.6 respectively). As explained in‘72.2, Methodl C involves

the 3ssumption that gear body elastic deflections produce, in the mesh, a liiearly increasing
over| the face width of the working tooth flanks (see Annex D for furtherinformation). Tha
misdlignment, inclusive of manufacturing deviations, involves simildr separation of wor
whigh is implicit in this assumption.

es 7 and 8 illustrate the influences of equivalent misalignihent, according to these a

and the tooth load, on the load distribution.

7.4 | Determination of face load factor using Method B: Ky,

7.4.1 Number of calculation points

The Joad distribution is calculated for 10 increments along the face width.

p

7.4.2 Definition of Ky,

Ky s defined as the ratio of the maximum load per unit face width, wy,,,, compared to the 3
per Yinit face width, w,,. The basSie model of the gear mesh is a spur tooth pair having the sq
of teth, transverse moduleand/face width of the gear pair being analysed.

Wmax — Fmax /b
E5/b

HB —

W

7.4.3 Stiffness-and elastic deformations

7.4.3.1 » ‘General

I separation
F equivalent
kKing flanks,

ssumptions,

verage load
me number

(40)

The le

f the whole

elastic system. Examples are given in Annex E. It is the addition of the following elastic elements:

gear mesh;

gear body;

stiffness of shaft/hub connections, pinion and gear shaft;
stiffness of the bearings;

stiffness of the housing;

stiffness of the foundation.
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Fﬁy

SEEEE

b]

Figur

377

a) Without load
b cal

M/

[
E

2

:

Low load and/or large value of equivalent misalignment (large value of F;3 )
bcal

3

:

E

High load @and/or small value of equivalent misalignment (small value of ;)

e 7 —Distribution of load along face width with linear equivalent misalignment

E

E

=

=

(illustration of principle)

E
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Wnax = Frmax /D
Wog = Fo /b

b cal

w =FmaX:2Fm_ b

max b b b
cal
a) Low load and/or large value of Fy, b, /b< 1

Q
~
w
"
X
Q /
~
. /
"
e b
S
b cal
w R max _ F_m . bcal
max b b b b
cal _E

b) High load and/or small value of Fg,, b, /b >1

Figyre 8 — €alculation of load per the unit face width F_,, /b with linear distribution |of the load
on the face width F,, = F, K, K K|

7.4.3:2—Gearmesh

The stiffness of each increment results from the method of calculating the deformations. The stiffness
of each spring is the mean value of mesh stiffness c, ; according to Clause 9. The load is assumed to be
in the zone of single tooth contact without load sharing. The load sharing between helical teeth is not
considered. In certain gears such as thin rimmed gears, the stiffness can vary. Similarly, at ends of the
face width the stiffness values can be less than in the centre face. These effects are ignored in Method B.

7.4.3.3 Gear body

The deformations of the gear body due to bending and torsion can be considered by regarding the
gear body as a part of the shaft. Different diameters are used for calculating the bending and torsional
deformation in the area of the gear mesh, which should be between the root and the tip diameter of the
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pinion/gear. The value for bending is (d, - d;)/2 + d;. For torsion it is the root diameter plus 0,4 modules.

The load is in the plane of action for bending.

7.4.3.4 Stiffness of shaft/hub connection, pinion and gear shaft

For normally shrink-fitted gears or other parts (e.g. a pulley), the shaft s stiffened to a diameter midway

d

) between hub diameter and bore (d,,,..), see Figure 9. For webbed gears, replace d; with the outer

mid .
hub diameter.
d¢
=i
Y'mid
dbure

Figure 9 — Definitions of various diameters

The bending deflections of the pinion and gear shaft{with variable inside and outside diameter, intg
part) shall e calculated according to the linear-bernding theory. The bending deflections can be ca
by all gear meshes and by all other externalddads (belts, chains, couplings, etc.). The diameter ij
tooth area fo be used for bending is (d, - di)/2 + d;. The load is in the plane of action for bending
torsional dg¢formation of the pinion and gear have only to be calculated in the area of the gear me
shall be conjsidered that the torque is,décreasing along the face width. A diameter of root diameter
0,4 module§ should be used.

7.4.3.5 Stiffness of the bearings

The elastic|deformations of the bearings may be calculated by the input of stiffness values fof
. If exact stiffness values are not known, minimum and maximum values shall be chosg
verify the influence@f)the bearing deformations.

7.4.3.6 Stiffness of the housing

gral
1sed
1 the
The
ch. It
plus

the
bn to

The elastic deformations of the housing may be determined by calculation or empirical means. In the
case of tapered bearings, the axial deflection of the housing due to gear loads and external thrust loads
shall be considered in determining the bearing clearances and resulting shaft positions at the bearings.

7.4.3.7 Stiffness of the foundation

The elastic deformations of the foundation may be determined by calculation or empirical means.
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7.4.4 Static displacements

7.4.4.1 Shaft working position in bearings

1:2019(E)

The operating bearing clearances shall be considered, including the effects of manufacturing variations,
thermal expansion, interference fits, axial clearance in tapered bearings and oil film thickness in plain
bearings.

7.4.4.2 Manufacturing deviations

7.4.%

The
defo
negl

7.4.¢ Computer program output

In of
valu

of Ky, the following data is required in tabular graphie-form:

7.5

7.5.

The
and

1

ing tolerances or established manufacturing standards. The use of ISO 1328 (all pary
ment fyp is permitted for the estimate of total manufacturing variation, provided {
king at assembly is used to verify that its use is appropriate.

b Assumptions

methods used for determining the values of bearing deformationg;~béaring clearang
fmation and the values for manufacturing deviations shall be tated. If influence
bcted, it shall be justified that they are low enough in magnitudé

der to verify the computer calculations, the output of the program shall include the full
es and all relevant intermediate results. To understand the input assumptions and the g

Heflections of the shafts (bending and twist)
bearing forces;

bear data;

oad distribution;

oad distribution factor.
Determination of face load factor using Method C: Ky;5 ¢

General

formulaefor the calculations of elastic deflections of the pinion and pinion shaft (f;;) ar
hre based'on the following assumptions.

The deflections of the wheel and wheel shaft are not included in the basic calculation

ated from
s) for tooth
hat contact

es, housing
factors are

list of input
utput value

e simplified

s; normally

haca alamantc qvn o ffininntly ot ff oo thot thnte daflactione can ho tgnanad bt 1€ 34 10

required to

TICSCCICTITCIICS O C- O U T IICTITTIICy ST SU—TIIO T CIITIT OCTICTtIoTS Tl DT TS TIoT OO, ooc I 1o 1

include them, they shall be assessed independently, and corresponding amounts added to f,,, with

the correct sign.

b) Deformations of the gear case and of the bearings are not included in the basic calculations;
normally these elements are sufficiently stiff so that their deflections can be ignored (noting that
it is deflection differences which are important), but if it is required to include them they shall be

assessed independently, and corresponding amounts added to f,, with the correct sign

c) No effect of bearing clearances is included. If the configuration is such that the clearances can
result in significant shaft tilting, then this tilt shall be assessed independently, and corresponding

amounts added to f,, with the correct sign.
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The torsional and bending deflection of a pinion with the actual load distribution are assumed to

be not significantly different from those determined with loading distributed evenly over the face
width. This assumption is valid for low calculated values of K}; 3 and becomes increasingly less valid
for higher values.

f)

The bearings do not absorb any bending moments.

The pinion configuration is in accordance with Figure 13. Note that the restriction that the pinion

is towards the centre of the shaft span (0 <s /1< 0,3) does not apply if suitable helix correction is
used. Note also that the factor K’ takes into account the stiffening effect of the pinion body.

g) The pi

least bd

h)

Any a
effect

There are {
which can b

Where

box (e.g
sense, t

Simple
deflect
carrier

Simple
multipl
import

For further
to simplify
elastic deflg
introduced

gear pairs dre heavily loaded or pinion face width to diameter ratios are large, or both, the assumpt

may lead to
accuracy off

The face log
stiffness (c

or (43), dey

Figures 7 apd 8).

Throughou

The shd

dﬂtional external loads acting on the pinion shaft (e.g. from shaft couplings).have a negli

aAc o ~nnc Inya b calid (- bhallaa cho ft
TTOTT

chaft b ot d (d N ¢ +£h [
1O SatrtaSa-conStantatameter SRy To SOTTa(OT OW-SHatt Wttt UShi/ % 'sh

satisfactorily so approximated.

ft material is steel.
the bending deflection of the shaft across the gear face width.
e easily dealt with by slight variants on those formulae.

r. rod mill pinion), the torsional deflections of each gear are*the same and in the opp
hus compensating for each other, but the bending deflections add.

(caused by loads of the meshing with both the sun and annulus gears).

planetary gear trains: sun/planet mesh. Thetorsional deflection of the sun gear is due t
e meshes but its bending deflection is zere. However, the deflection of the carrier can al{
hnt at this mesh.

information on the derivation of the f;; formulae, see Annex D. Note in particular that
the procedures for the evaluation of Ky ; by Method C, equivalent mesh misalignment dj
ctions is assumed to follpwWra straight line and that a correction constant (1,33, see D.
to compensate. With increasing curvature of the elastic deformation line, as occurs v

increasing differences’between the calculated and actual distributions of the load; thug
the calculated Kjp'; becomes worse as its magnitude increases.

d factor, Kyyp¢5 is calculated from the mean load intensity across the face (F,/b), the 1
), and ap-effective total mesh misalignment (F,). One of two formulae is used Formula
ending-vpon whether the contact is calculated to extend across the full face width

hree commonly arising conditions which are not covered by the formulae of 7.5.3.

planetary gear trains: planet/annulus mesh. As withall idler gears, there is no torsi
on on the pinion (planet) and the main bending.déflection is usually that of the pin if the

8;5)er€an at

bible

but

the ratio is unity or near unity and the torqued ends of the shaft'are at opposite sides of the

hsite

onal

b the
o be

$0 as

e to
3) is
yhen
ions
, the

nesh

(41)

(see

this r‘lqncp, in the case of double helical gears. (h = 7hD), and the smaller of the value!

for

pinion or wheel shall be substituted for b or by — this being the width at the tooth roots excluding tooth

end chamfe

a) b.,/b

X ZFBy c},ﬁ
HE ™\ F_/b

bcal /b=

50

ring or rounding.
Fpo ¢
<1 corresponding to Py B >1:
F /b
2F /b
Fpy c

(41)

(42)
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Fp ¢
b) b, /b>1corresponding to M<1:
2F /b
Fp ¢
Kyyp =1+ 43)
2F_ /b
F_/b
b, /b:O,5+L (44)
Fp c
By ~1B

The value of effective misalignment to be used is obtained by combining two elements:

a) fhe effect of manufacturing error (of all relevant components) is included through f,;,infaccordance
with 7.5.4;

b) fhe effect of elastic deflections of the pinion and pinion shaft are included through f,, fs in 7.5.3.5
fo form an initial equivalent misalignment Fg,, which is then reduced by arinning-in allowance to
form Fp,.

By

The wvay in which the two elements are combined depends upon the helixumodification (croywning, helix
corrgction, end relief, or none) applied to the mesh (see 7.5.3.4).

7.5.2 Effective equivalent misalignment, Fp,

The following formula can be used for common transmissien designs:
By =Fpx = Yp =Fpxp (45)

whele Fﬁx is the initial equivalent misalignment; i.e. the absolute value of the sum of degformations,
displacements and manufacturing deviations of pinion and wheel, measured in the plane of action, and
whigh can be determined in accordance with-Method C (see 7.5.3.4).

7.5.3 Running-in allowance, y;, afid running-in factor, x;

7.5.3.1 General

Yp is|the amount by which-the'initial equivalent misalignment is reduced by running-in sinde operation
was| commenced. xp iS-the factor characterizing the equivalent misalignment after |running-in.
It is|convenient to use x; in calculations, but only as long as y; is proportional to Fp,. Th¢ important
inflyences include

— pinion and Wheel material,

— purfacethardness,

— fotational speed at the reference circle,

— type of lubricant,
— surface treatment,
— abrasive in the oil, and

— initial equivalent misalignment, Fj, (as a result of deformations, displacements and manufacturing
deviations).

Yp and x; do not take into account the effects of running-in operations obtained by manufacturing
processes such as lapping. Removal of material by such means shall be taken into account in the
value of f, ...
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In the absence of direct, assured data from experiment or operating experience (Method A), yg can be
determined in accordance with Method B given in 7.5.3.2 or 7.5.3.3.

7.5.3.2 Determination of y; and y; by calculation

The values from Formulae (46) to (53) reproduce the curves in Figures 10 and 11 (see Table 3 for
abbreviations used).

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

y, =20 (46)
P GHlim Px
320 47
25 F1- (47)
OHlim

where ys < Fpyand x5 2 0 and where
for[v < 5m/s there is no restriction;
for|5m/s<v<10m/s  the upper limit of y is 25 600/0y j;,,, corresponding to Fp, = 80 pm;
forfv>10 m/s the upper limit of y is 12 800/oy m»corresponding to Fp, = 40 pm;
for{oy jim ISO 6336-5 shall apply.
b)  For GG, GGG (ferr.):
Vg :O'SSFﬂx (48)
28|~ 0,45 (49)

forp<5m/s there is.no restriction;

forbm/s<v<10m/s the/upper limit of y, is 45 um, corresponding to Fg, = 80 pm;

fory>10 m/s the upper limit of y is 22 um, corresponding to Fg, = 40 pm.
c¢) For Eh,|IF, NT (nitr.), NV, (®itr.), NV (nitrocar.)

VB 7 0'15F[3x (50)

x5 $0.85 (51)

where for all velocities, the upper limit of y is 6 pm, corresponding to Fg, = 40 pum.

When the material of the pinion differs from that of the wheel, the values for the pinion (yg; and xg)
and the values for the wheel (yz, and y4,) are to be determined separately. Then, the average values of
each (yzand yg) from Formulae (52) and (53), are used for the calculations:

+
=—yﬂ12yﬁ2 (52)
Xg1 X352
s z% (53)
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7.5.3.3 Graphical values of y;

The value y; can be read from Figures 10 and 11 as a function of the initial equivalent misalignment Fg,
and the value of oy, for the material (see Table 3 for abbreviated terms used).

Y

50
40
<32
20
10 600
800
I1 000
1200

2 3 5 10 20 40 50 oo X
Key
X initial equivalent misalignment, F o M
Y running-in allowance, Yp um

St, St (cast), V, GGG (perl,, bai.), GTS (perl.), circumferential velocity v> 10 m/s
GG, GGG (ferr), circumferential velocity v> 10 m/s

Eh, IF, NT (nitr), NV (nitr.), NV (nitrocar.), all speeds

Figure 10 — Running-in allowance for gear pair (see also Figure 11)
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Y
200 ~
// 1
100 / A g
/// /// V. Z
41 = 400 N/mm? y/ //// <64 <
Hlim —
: 7,
50 600 /] /. //' A <a5
~ 77
40 % 7 ¥ =43
800\ \y / > 2
30 1000 /< /4 Y ,/// <32
/ 4 <26
7
20 1200 y\(/% / <21
2% 7%
/ W >/<§
10 / ,4 // /|
// ,// / /
A\ / /
4 /|
'z
3 4
o
) d
8910 1520 30 40 5060 80 100 150 250 X
Key
X initial pquivalent misalignment, Fp,, pm
Y running-in allowance, Yp um
1 circumferential'velocity v< 5 m/s
2 circumfetential velocity 5 m/s <v<10m/s

St, St (cast), V, GGG (perl.,, bai.), GTS (perl.), circumferential velocity v <10 m/s
GG, GGG (ferr.), circumferential velocity v< 10 m/s

Figure 11 — Running-in allowance for a gear pair (see also Figure 10)

7.5.3.4 Determination of initial equivalent misalignment, F;, (see Annex D)

The value Fj, is the absolute value of the sum of manufacturing deviations and pinion and shaft
deflections, measured in the plane of action [see WARNING in b)].
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Of the components of deformations, displacement and deviation, only those in the plane of action are
determinant for the calculation of Fp,.

a) Gear pairs of which the size and suitability of the contact pattern are not proven and the bearing
pattern under load is imperfect”):

See Annex D for an explanation of the factor 1,33 in Formula (54).

With B, and B, taken from Table 12.

Allowance should be made in f,, for the effects of adjustment measures (lapping, Fynning-in at
part load), crowning or end relief, or similarly, for that of the position of the contaebpattern.

b) [Gear pairs with verification of the favourable position of the contact pattern-(e.g. by mogification of
the teeth or adjustment of bearings)”). 8):

Fgy =|1.33By fo = fups |iFpx = Fpxmin (55)
with B, taken from Table 12.

Table 12 — Constants for use in Formulae (54) and (55)

No. Helix modification Formulalconstants
Type Amount By B,
1 None — 1 1
2 Central crowning only C=0,5fnad 1 0,5
3 Central crowning only Cp = 0,50 ma + fon) 0,5 0,5
b |Helix correction only gggll‘;;:(tiid shape calculated to match torque being 0,1 10
5 ilreolxr;:icr)llgection plus central Case 2 plus case 4 0,1¢ 0,5
6 End relief appropriate amount Cyjjy4 0,7 0,7

@ Appropriate crowning, Cgsee Annex B.
b Predominantly appliedfor applications with constant load conditions.
¢ Valid for very bestpractice of manufacturing, otherwise higher values appropriate.

d  Bee Annex B.

A chpck shallbe made to ascertain which of the helices of double helical gears has the larger equivalent
misglignment and, consequently, is determinate for K.

By subtracting flﬂr which is the helix slope deviation tolerance for ISQ tolerance dlass 5 (see
ISO 132812013) allowance is made for the compensatory roles of elastic deformation and
manufacturing deviations. See Annex D for explanatory notes to Formula (55).

Subject to achieving the requisite contact patterns, Fg, can be calculated using Formula (55) for gears
which have been processed by lapping, running-in at part load or other adjustment means, as well as
for gears with carefully designed crowning or end relief. For crowned gears, the contact pattern centre

7)  Running clearances in rolling bearings should be very small under working conditions. Large clearances can
contribute considerably to equivalent misalignment, Fg,. When this is the case, a more accurate calculation using
Formula (56), or a contact pattern check under load is recommended.

8)  With a favourable position of the contact pattern, the elastic deformations and the manufacturing deviations
compensate each other. See Figure 12 (compensatory).
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shall be suitably offset from the mid face position. Concerning double helical gears, it is necessary to
ascertain whether the less deformed helix of the pinion has the largest value of Fg,.

WARNING — When, apart from pinion body and pinion shaft deformations, f;, those of the
wheel/wheel shaft, f;,, and the gear case, f_,, and also the displacements of the bearings,
fper are to be taken into consideration, Formulae (54) and (55) are to be extended to become

Formula (56) (see also 7.5.5 and 7.5.6):

FﬁX =1,

The signs

33Blfsh +fsh2 +fma +fca +fbe;fm 2fHﬁS

f fooforand f, _ shall be carefully heeded; if precise information is not available

essential th|
deflection,

taken as th
according t

The followi
gears tend
component

Special mej
set up bear]
of a further
bearing ang

Uneven dis
mid face wi
in KHﬁ, orit

Similar med

Furthermot
mating whe

c) Forgea
helical
Fp

X

where |

Fﬂxr

Helix modi

Irs having ideal contact pattern; full helix modification, under load (for both helices of dg

T SITZ>

at positive signs are chosen (so that the calculated values tend to be safe). Only the ben|
f any, of the wheel shaft, is likely to be of consequence to f;,,; previously this ameunt
p wheel shaft misalignment component of f, .. Nevertheless, in general the approximat
b Formulae (54) and (55) are satisfactory.

hg influences shall be heeded, as a rule, the elastic deformations of “relatively flexible”
to compensate for manufacturing misalignment. On the other hand, because of the
of F, in single helical gears, additional misalignment can be induced:

sures can be taken to secure even distribution of load over the.face width. These ing
ings, lapping the gears, or running-in the gears as a specified process, in service. By
example, a spur gear or a double helical gear can be mouhted directly on a spherical r
so be free to take up an attitude of mean, balanced alignment.

ribution of the body temperature of a large high-speed gear can cause deformation
dth resulting in heavy local loading. Either allowance for this deformation shall be incly
shall be compensated for by suitable helix modification.

sures shall be taken when deformation is<induced by a large centrifugal force.

e, the body temperature of a high-speéd helical pinion is usually higher than that o
el. This creates additional misalighiment which shall be accounted for in the calculation

bears):
i Fﬂx min
is the greater of the two values:

’ﬁx min

F
. =(0,005 mm.um/N)Tm,orFﬁxmin =0,5 fHﬂ

(56)

it is
ding
was
ions

spur
hxial

lude
way
pller

near

hded

[ the
S.

uble

(57)

(58)

and wheel,
known, the

tooth alignment deviation of the mating wheel?).

ication is intended to compensate for the torsion and bending deflections of the p;l.n

h1Se the deformations or displacements of other components under operating loads amd, if

ion

would be equal to 0 at the design loading of gear pairs having optimum helix modification, i.e.

F X
tﬁe face load factor Kj;; would be equal to 1. However, in the interest of safety, the minimum value in
accordance with Formulae (57) and (58) is to be used as the equivalent misalignment.

Similarly, Formula (55) can be used in designing suitable crowning.

See 7.5.3.5 for the determination of f;, the equivalent misalignment due to pinion and pinion shaft
deflections. See 7.5.4 for the determination of mesh misalignment due to manufacturing deviations f, ..

9) Helix angle modification is an alteration of the helix angle, a consequence of which is that the axial pitch is also
modified. The latter concept is useful when dealing with gears having large overlap ratios and consideration of axial
pitch is often necessary.
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See 7.5.2 for the determination of the runnin
misalignment is reduced.

For some common arrangements of gear pairs, guidance on the calculation of Fp, is

1:2019(E)

g-in allowance, yp, i.e. the amount by which the equivalent

included in

Figure 13 a) to e), in which particular regard is paid to the contact pattern position. A comprehensive

analysis is recommended for other, more complex, arrangements.
7.5.3.5 Equivalent misalignment, f;

7.5.3.5.1 General

The [value f;, takes into account the components of equivalent misalignment resultingdy
and fwisting of the pinion and pinion shaft, and its value may be determined as follows. Fo
methods to determine f;,, Annex A shall apply.

7.5.3.5.2 Approximate calculation of f;,

The [following calculation is sufficiently accurate for many common designs. Formulae (5

bm bending
Ir additional

9) and (60)

are based on the following conventions. The bending component is theesult of the slope
defl¢ction in the middle of the gearface multiplied with the facewidth'd, where F_, is the lo

of the shaft
hd assumed

to be acting in the middle of the gear face. The torsional component is calculated for a sdlid cylinder

of dfameter d,, with the load distributed evenly over the face-width. In reality, a smaller
detefminant; also, the load is not evenly distributed; howéver, the inaccuracies in the a
tend to balance each other out. The formula is valid wheh:the elastic modulus and Poiss
the naterial are those of steel. Based on practical experience, Formulae (59) and (60) als
congtant empirical term. Concerning hollow shafts, the‘deflection component f;, derived fr
thesp formulae, is sufficiently accurate, provided that'the bore diameter does not exceed 0,1

diameter is
ssumptions
n's ratio of
o include a
bm either of
dgy,-

For Ipoth spur and single helical gears:
4 2
E * ’ I's dl b
foh =— Kynie | |1B +K'—| ——$0,3+0,3 (—J (59)
S b unt d% dsh dl
with B* equal to 1 if the total power is transmitted through a single engagement,
and [k, . =0,023 - F
See J.2.2 for F /b.
For dlouble helical gears:
4 2
F . l.s( d b
=k BT +K—| —L | -0,3|+0,3 || & 60
fsh b unit [ d% [dsh J ] [ d1 ( )
with B®equal to 1,5, if the total power is transferred by a single engagement,
and k. =0,023 - HT

See 7.2.2 for F /b.

If there is more than one power path, then only k % of the input is through one gear mesh (e.g. as in the

case of grooved roller mill gears) and the following applies:
— B*=1+2(100-Kk)/k for spur and single helical gears;
— B*=0,5+(200-k)/k for double helical gears.

The constant, K, makes allowances for the position of the pinion in relation to the torqued end. It can be

taken from Figure 13.
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A comprehensive analysis is recommended for other arrangements or where the values for s/l exceed
those specified in Figure 13, and also where there are additional shaft loads, e.g. from belt pulleys or
chain wheels.

Substitute the absolute value f; in Formulae (54) and (55). See Figure 12 and 7.5.3.4 for information on

the compen

sation of f;, by f,..

7.5.3.5.3 Face width to be used in Formulae (59) and (60) for crowned spur and helical gears

This type of helix modification is employed in order to compensate for manufacturing deviations and
load-induced deformations of the gears, and in particular to relieve the tooth endloading. Gears are

usually cro
extent of cr

If the height
the face wid
values of C
ends outsi

7.5.3.5.4
end relief

This type
equivalent
for arecom

If the amou
the face wig
from values
tooth ends

¥

df helix modification is used to protect the tooth ends-~from the overloading cause

wned symmetrically about the mid face width. See Annex D for recommendations ey
bwning.

of the crowning is greater than that specified in Annex B, the reduced width b isto rey
th b in formulae used for calculating load capacity (see Figure B.1). This is determined
calculated in accordance with Formula (B.1) or (B.2). It is to be assumed that the t
(b) are not bearing any load.

Face width to be used in Formulae (59) and (60) for spur and-helical gears with

the

lace
rom
poth

misalignment. Usually, the relief applied is the same at.both ends of the teeth. See Ann

mendation on the amount of end relief.

lace

nt of end relief is greater than is specified in Afinex B, a reduced width b, shall rey
Ith b in the formulae used for calculating load.capacity (see Figure B.2). This is deter
of Cy(ypyp) calculated in accordance with Fortulae (B.3) or (B.4). Itis to be assumed th
)utsiée i(b) are not bearing any load.

ined
the
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re L o1 Ty
T 4 ‘ T T ‘ T
I <D | I D> |
a) Contact pattern lies towards b) Contact pattern lies away from
mid bearing span? mid bearing span®
LT A LT A\ O7
T 1 ‘ T T 1 ‘ T
=1 e —
c¢) Contact pattern lies towards d) Contactpattern lies away from

mid bearing span¢ mid bearing spand

A L7 D L7
T T L T T 1
f_/H

Contact pattern lies towards the bearing?* f) Contact pattern lies away from th

input or output torqued end, not dependént on direction of rotation
£ 1 a) to d) are the most common mounting arrangements with pinion between bearings.
2 e) to f) have overhung pinions.

'he peak load intensity oceours-on the helix near the torqued end. See also 7.5.3.5.
Fj, in accordance with #ormula (55) (compensatory).
Fj, in accordance with-Formula (54) (additive).

Fs, in accordanceAvith Formula (54) |K'|-1-s/dZ (d, /d, )* <B* (additive);
Fp, in accordance with Formula (55) |K'|-1's/ d12 (d1 /dg, )4 >B" (compensatory).

Fs,ih dccordance with Formula (54) |K'|-1-s/dZ (d, /d, )* > B*-0,3 (additive);

K_H
= —o . ———a

e bearingf

E 3 B* is equal to 1 fop~spur and single helical gears and is equal to 1,5 for double lhelical gears.

F g T accordance with Formua (557K 11757 a7, )4 B=0,3 (COMpPEnsatory):
Fg, in accordance with Formula (54) (additive).
Fg, in accordance with Formula (55) (compensatory).

Figure 12 — Rules for determination of Fj;, with regard to contact pattern position
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SRR S

T 2 /2 T

a) K'=0,48 with stiffening and K'=0,8 without stiffening? (with s/ < 0,3)
S

Lip |

T /2 2 T

b) K'=-0,48 with stiffening and K'=-0,8 without stiffening? (withs/I < 0,3)
re ! L
| | \

) K'=1,33 with stiffening and K'=1,33 without'stiffening? (with s// < 0,3)

—
+-

Key

T* is the input or output torqued end, not dependent on direction of rotation.

NOTE 1 Dashed line indicates the less deformed helix of a double helical gear.

NOTE 2 f, is determined from the diameter in the gaps of double helical gearing mounted centrally between
bearings.

a2 Whend,/dy, 21,15, stiffening is assumed; when d, /dg, < 1,15, stiffening is not assumed. For the selection of the
factor K' it is assumed that 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 13 — Constant, K’, to take into account the pinion offset
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7.5.3.5.5 Specified maximum value for f;

Sometimes experience with similar gear units enables the choice of an appropriate value of f;;, to be made.
EXAMPLE1 f, =0 pm in the case of a very rigid design; deformations are neglected.

EXAMPLE 2 f,; = 6 um is occasionally specified as a maximum value for some turbine transmissions; the gears
are to be designed accordingly.

When calculations are based on such assumptions, the assumptions shall be validated by computations
or measurements.

7.5.3.5.6 Value f; corresponding to the gear quality

For gertain gears, the value of f;, is specified as a percentage of the allowable helix slope deyiation. The
gearss are to be designed accordingly.

sh :1’0fl-lﬁ (61)
As for 7.5.3.5.5, assumptions shall be validated by computations or measurements.

7.5.4 Mesh misalignment, f .

7.5.4.1 General

fma i$ the maximum separation between the tooth flanks of the meshing teeth of mating gears, when the
teeth are held in contact without significant load, the‘shaft journals being in their working 4ttitudes.

epends on the way in which the deviations-ofindividual components in the plane of actipn combine,
hether the helix slope deviation, fy;5, of each gear and the alignment deviation of the shafts are
additive or compensatory, or whether thel-alignment of the shafts is adjustable (e.g. by means of
adjuptable bearings).

For purposes of load capacity calculations in accordance with this document, the methdds given in
7.5.4.2 to 7.5.4.5 can be used fofithe determination of f .. For additional methods to defermine f,,
Anngx A shall apply.

It isfrecommended that the values used for f,, be verified by checking the contact paftern in the
working attitude.

7.5.4.2 Derivation of f . from deviations of individual components
This|is to be.done after inspection and measurement of gears, bearings and the gear case.

The maximum mesh misalignment involves the most unfavourable combination of individual deviations:

v [N
fmamax=maxk|fparact+fHﬁ1act+fH[32act|) (62)
The minimum mesh misalignment from the most favourable combination:
fmamin:min(‘fparact+fHﬁlact+fHBZact‘) (63)

where fypy ¢t and fyp, occ are the measured values of helix slope deviation of pinion and wheel (in
accordance with ISO f328-1:2013). The values can vary in size and direction around the circumference.

The combined effect of the helix slope deviation of pinion and wheel, i.e. zfl—lﬁ :(fl-lﬁlact +fHﬁ2act )

can be determined as follows.
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The pinion and wheel, assembled on their shafts, are mounted on roller blocks which are aligned in
parallel pairs and the contact patterns are generated. By moving one of the blocks, the tooth flanks are
brought into contact over the entire face width. The Xfy; can then be derived from the non-parallelism
of the blocks.

Jpar act is the measured value of shaft misalignment, due to in plane and out of plane deviations of either
of the shafts. In the event of radial run out of one or more journals, f,,. 5 can vary with the angle of
rotation. Care shall be taken with the sign of each individual deviation.

A mean value derived from Formula (A.7) is to be used in gear load capacity calculations.

| th dira tha 1t fliinaon ofbhagring clasrancnc 1o maglacead
n 1S pI'OC O G tC I o C I e OT OCOT IS CICOT Attt o 15 T STCTTeor

7.5.4.3 Specified maximum value of /.

Sometimes permissible limits for the total manufacturing deviation, £, ,19, are specified.

EXAMPLE 1| f,a max = 0 um is sometimes demanded for accurate high-speed transptiSsions; due to [high
precision of manufacturing, deviations can be neglected.

EXAMPLE 2 =15 pum can be a realistic value for certain industrial transmissions.

fma max

A mean valiie derived from Formula (A.6) is to be used in gear load capacity’calculations.

7.5.44 f|[ foragiven accuracy

Inspection gfter assembly is recommended in the case of gearswithout any modification or adjustment.
See also 7.5{4.1.

If, according to ISO 1328-1:2013, for a given gear qualityclass helix slope deviation tolerances are given
as fypy and|fyg, for pinion and wheel respectively, and if the alignment of axes tolerances is given as
fxp accordirg to ISO/TR 10064-3, then the most unfavorable combination of deviations (pinion, wheel,
case) would be

fma:f{ﬁ1+fHﬁ2+fZﬁ? (64)

Experience|has shown that, withid many manufacturing environments, aggregate misalignments are
close to thip value with sufficiefit)frequency for it to be advisable for it to be used in the calculation.
However, the distribution of\aZdimension within its tolerance band is influenced very much by the
quality control regime, and iy other circumstances the statistical effects mean that a lower aggregate
value is appropriate. Fonexample, if controls are in place to ensure that most gears are well within
tolerance, with only a‘small percentage near the limit, and to ensure that helix variation within any
single gear |s negligible, then statistical studies show that in only about 10 % of cases will the deviations
combine to exceed-a total value of 1,0 fy,.

fma =1 Ofn'R') (65)

In most circumstances, the appropriate value to be used lies between these two extremes, and a useful
formulation for use in cases of an average quality control regime is

fma:\/fk%ﬁ1+f§ﬁ2 (66)

The selection of an appropriate value rests with the user of the ISO 6336 series, but if the chosen value
is less than that given by Formula (66), then the user shall be able to justify that selection.

a) For gear pairs with provision for adjustment (lapping or running-in under light load, adjustable
bearings or appropriate helix angle modification) and gear pairs suitably crowned, the no load

10) Appropriate control measures should be adopted to ensure that this value is maintained.
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mesh misalignment can, to a great extent, be compensated for by means of adjustment measures
such as re working of bearings, bearing housings, etc. Satisfactory contact over the face width of
the gears can often be achieved by these methods and by means of the other measures mentioned
above. See Annex B for guide values for crowning.

If data from experience are not available, it can be assumed that properly effected adjustments will
reduce the value of f, by 50 %; this is taken into account by the factor B, in Formula (54).

b) For gear pairs with well-designed end relief, in the absence of data from experience and subject to
skilled execution, this is taken into account by the factor B, in Formula (54). See Annex B for guide
values for end relief.

7.5.4.5 Determination of f,, with gears assembled in gear case

After assembly in the gear case, it may be possible to measure mesh misalignmentdiréctly yith the top
of the case removed. Values of f . ,,ax @and f,,, min are determined from measurements made around the
circhmference, using feeler gauges; f, . is then derived from Formula (A.7).

For yide gears without helix modification mounted in journal bearings with relatively large clearances,
the following procedure may be used. The shaft journals are suppofted in their working attitudes.
The mating gear is clamped to prevent rotation. Bring the working faces into light contact)then insert
feelgr gauges between the flanks at both ends of the mesh. The mesh misalignment, f, ., is gqual to the
diffdrence between the thicknesses of the gauges:

b
fma:6g(7) (67)
whele

b, is the difference in the feeler gauge indications;

h  is the face width;
is the distance between the feeler gauges.

When the helices of gears arg-modified, the amount is included in the difference 6g, which can also
be determined as the differéhce in thickness of two lead wires which have been inserted Qetween the
flanks, where they are subjected to light load.

7.5.5 Componentof mesh misalignment caused by case deformation, f_,

Casq deformation’may be ignored when the gears are assembled in rigid cases. The deflectipns of other
casep f., may‘be'determined by testing or, approximately, by using the finite element methof.

7.5.15 €omponent of mesh misalignment caused by shaft displacement, f; .

In some cases, the effects of bearing clearances and bearing deflections are greater than those of shaft
and wheel blank deflections.

The components of misalignment in the plane of action as a result of bearing deflections, and journal
displacements in bearings clearances, can usually be neglected when the pinion and wheel of spur or
double helical gears are positioned midway between bearings of equal stiffness and clearance.

When gears are not positioned in this way, bearing deflections and displacements (clearances) can
influence the distribution of load over the face width. This is also valid for single helical or overhung gears.

Since only the relative misalignments due to bearing deflections and displacements of the common
axis of the pinion bearings, f,.;, and that of the wheel, f,,, influence the equivalent misalignment,
the directions and signs of the misalignments of bearings axes are to be given careful attention. The
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following formula is valid for the simplest arrangement of a mating pair, with each gear alone on a shaft
with two bearings:

fbe:fbe1+fb92 Orfbe:fbel_fbez (68)
For a gear mounted between the bearings, see Figure 14:

fre =?(51 -6, ) (69)

For an over hung gear, see Ficure 15:

foe =7[01 %) (70)

where 6; anjd 6, are the deflections of bearing 1 and bearing 2 parallel to the plane of action.

The effect of the tilting moment, due to the axial component of the tooth load, of'single helical gears,
shall be takpn into account.

¥

Figure 14 1+ Loading and deflections for gear mounted between the bearings [see Formula (69)]

Figure 15 — Loading and deflections for overhung gear [see Formula (70)]

7.6 Determination of face load factor for tooth root stress using Method B or C: Ky

Kz takes into account the effect of the load distribution over the face width on the stresses at the tooth
root. It depends on the variables which are determined for Ky and also on the face width to tooth depth
ratio, b/h.
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Determination by calculation:

Kgg :(KHﬁ )NF (71)
2
N = (b/h) (72)
1+b/h+(b/h)*

The smaller of the values b,/h4, b,/h, is to be used as b/h. Boundary condition: when b/h < 3, substitute
3 for b/h. For double helical gears, by is to be used instead of b.

8 [ransverse load factors Kj;, and Kp,,

8.1 | Transverse load distribution

The ransverse load factors, Ky, for surface stress and K, for tooth root stress, account f¢r the effect
of thHe nonuniform distribution of transverse load between several pairs-ef simultaneously contacting
gear|teeth as follows.

The fransverse load factors are defined as the ratio of the maximumnitooth load occurring in|the mesh of
a geqr pair at near zero speed to the corresponding maximum tegth load of a similar gear plair which is
freelfrom inaccuracies. The main influences are

a) Heflections under load,
b) profile modifications,
c) tooth manufacturing accuracy, and

d) funning-in effects.
8.2 | Determination methods for transverse load factors — Principles and assumptions

8.2.1 General

Sevdral methods for the determination of transverse load factors in accordance with the specifications
giveh in 4.1.16 are listed below.

optimum prefile modification appropriate to loading, high manufacture accyracy, even
load| distributionover the face width and a high specific loading level, the transverse [load factor

As statéd-in 6.4.1 the maximum tooth loads(including the inner dynamic tooth-loads-and the effect
of uneven distribution of loading) can be determined directly by measurement or by a comprehensive
mathematical analysis. Ky, and Kp, are then assumed to be unity (as is K,).

The load distribution, in the tangential direction only, can also be determined by comprehensive
analysis of all influence factors. The division of the total tangential load between simultaneously
meshing tooth pairs can be derived from strain gauge measurements, made at the tooth roots of gears
transmitting load at low speeds.

Information to be stated in the drawing or specification documents is the following:
— maximum (permissible) total tooth load, or

— maximum (permissible) transverse load factor, or
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— all data (in particular, information relating to the effective difference of base pitch) necessary for
making an accurate analysis.

8.2.3 Method B — Factors K, z and K, 5

This method involves the assumption that the average difference between the base pitches of the pinion
and wheel is the major parameter in determining the distribution of load between several pairs of teeth
in the mesh zone. See 7.5.3.4 b) and footnote 7).

8.3 Determination of transverse load factors using Method B — K}, s and K, 5

8.3.1 Gelleral

According tp the conditions and assumptions described in 8.2.3 and footnotes 10) and 11),' Méthod B is
suitable forfall types of gearing (spur or helical with any basic rack profile and any accuracy). Transyerse
load factorq can be determined by calculation or graphically. The two methods give identical results.

8.3.2 Determination of transverse load factor by calculation!?)
The calculations are as follows:

a) values Ky, and K, for gears with total contact ratio €, < 2

£ Coy | for, =Y

Ky =Kpy =—= 0,9+o,4M (73)
2 Fy/b

b) values Ky, and K, for gears with total contact ratio &> 2
2(e, =1)c,, | for, O/
Ky =Kp, =0,9+0,4 (85 71) e (o 50 ) (74)
€, Fg/b
where the following are to be determined:
Cra is the mesh stiffness.in accordance with Clause 9;
Job is the larger of the base pitch deviations of pinion or wheel; 50 % of this tolerance|may

be used, whenprofile modifications compensate for the deflections of the teeth at|the
actual load,level;

NOTE_The base pitch deviation, f,;,, accounts for the total effect of all gear tooth

deviations which affect the transverse load factor. If, nevertheless, the profile forn
deviation, f;,, is greater than the base pitch deviation, the profile form deviation i to
e taken instead of the base pitch deviation.

=}

Va isthe Tunmming=imattowance asspecified i 8-36;

Fiy is the determinant tangential load in a transverse plane, Fiy = F K, K, K, Ky.

11) Formulae (73) and (74) are based on the assumption that the base pitch deviations appropriate to the gear
tolerance class 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.
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Y1 Y2

o]
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N

1,7

1,5 /////

1,5

1,3

1,1
1 yd

§
\\\\\ N

0 1 2 3 X
Key
X . :Cya(fpb_ya)
“ Fy /b
Y1 Kpp Kho
Y2 £

14

Figure 16 — Determination of transverseload factors, K};, and K;,, by Method B
(see 8.3.4 and 8.3.5 for limiting conditions)

8.3.3 Transverse load factors from graphs

Ky, find Kp, can be read from Figure6;'the curves are consistent with Formulae (73) and ([74).

8.3.4 Limiting conditions ferk,,

Whan, in accordance with-Formula (73) or (74)

&y
K, > (75)
Heo g, Zgz
87
then| for K-stibstitute and when Ky, < 1,0, then for Ky, substitute as the limit value 1,0.
£
o &

See 8.3-5.

8.3.5 Limiting conditions for K,

When, in accordance with Formula (73) or (74)

£

K, >——F 76
F™0,25¢,+0,75 (76)
87’
then for K, substitute ———————— and when K, < 1,0 then for Ky, substitute as limit value 1,0.
0,25¢,+0,75

With limiting values in accordance with Formulae (73) and (74), the least favourable distribution of
load is assumed, implying that the entire tangential load is transferred by only one pair of mating teeth.
Furthermore, it is recommended that the accuracy of helical gears be so chosen that Ky, and K, are not
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greater than &,. As a consequence, it may be necessary to limit the base pitch deviation tolerances of
gears of coarse tolerance class.

8.3.6 Running-in allowance, y,,

8.3.6.1 General

The value y, is the amount by which the initial base pitch deviation is reduced by running-in from the
start of operation. See 7.5.3 for the main influences. y, 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

3 HPY R N T | Y A | 43 1. +d sl +1 = =
ad]ustment ISto Dt takeirhtoConsSiaerattotrwntirconsSiaerig e gear-accutracy:

Y, may be determined in accordance with 8.3.6.2 or 8.3.6.3 (Method B) where direct, verified vz
from exper{mentation or experience are lacking (Method A).

The value for the base pitch deviation f ;) determined in accordance with 8.3.2 or 6.5.4hould be
in both mefhods. The formulae and graphs should also be applied analogously for,the profile

deviation, fj

ha

8.3.6.2 Determination by calculation

The running-in allowance y, may be calculated using Formulae (77) tof80). These are consistent
the curves in Figures 17 and 18 (see Table 3 for abbreviations used):

a)

b)

68

lues

1sed
form

with

(77)

(78)

For St, Bt(cast), V, V(cast), GGG(perl., bai.) and GTS(perl.):
160
Yol OHlim oo
where
fory<5m/s there is no resfriction;
for3m/s<v<10m/s  the upperlimit ofy,is 12 800/0y;,, corresponding to f;, = 80 pm;
for y>10 m/s the-iipper limit of y, is 6 400/oy };;, corresponding to f,, = 40 pm.
For GGJand GGG(ferr.):
Yo $0,275 fpb
where
for vy <5 mJ/s there is no restriction;
for § mfs<v<10m/s the upper limit of y, is 22 pm corresponding to f;,, = 80 pm;
forv>10m/s the upper limit of y, is 11 um corresponding to f;;, = 40 pm.

For Eh, IF, NT(nitr.), NV(nitr.) and NV(nitrocar.): for all velocities but with the restriction that the

upper

limit of y,, is 3 pm corresponding to f,, = 40 pm

Yo =0,075 f

(79)

When the materials differ, y,; should be determined for the pinion material and y,, for the wheel.
The average value is used for the calculation:

Yo

zyal +ya2
2

(80)
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8.3.6.3 Graphical values

Y, may be read from Figures 17 and 18 as a function of the base pitch deviation, f;,, and the material
value, oy ;, (see Table 3 for abbreviations used).

Y
30
20
<16
R N | P |
10 <10,5
<8
/ <6,5
. = 400 N/mm2 <5,5
600
800
1 000, . <3
1 200 7
/
2 7
/
/
/
1 7
/
/
0,5
3 5 10 20 40 50 100 X

X base pitch deviation,fpb, pum

Y running-in allowance, y,, pm

St, St (cast), V, GGG (perl,, bai.), GTS (perl.), circumferential velocity v > 10 m/s
GG, GGG (ferr.), circumferential velocity v> 10 m/s

Eh, IE NT (nitr.), NV (nitr), NV (nitrocar.), all circumferential velocities

Figure 17 — Determination of running-in allowance, y , of gear pair (see also Figure 18)
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Figure 17 is derived from Figure 10. If the materials of the pinion and the wheel are different, y, shall be
determined in accordance with Formula (80).

Y
100 ~
/ / -1
EO // //
a2
NS
7 / <32
15 / /// ////
O i = 400 N/mm? A (| L A/ || <22
1o c00 V. v, <215
~ )/ / > 2
800 4 ~ <16
1,000 7< % /| LA <13
1200 \< , <105 _J
10 / ///
7? 74
g // A //7/
/ /
/ //
/ '/
, /
1,5 d ’//
’ 4
Ay
. /
8910 15 20 30 40 5060 80 100 150 250 X
Key
X base pitch deviation, fpb, um
Y running-in allowance, y,,, pm
1 circumferential velocity v<5m/s
2 circumferential velocity 5 m/s <v<10m/s

St, St (cast), V, GGG (perl,, bai.), GTS (perl.), circumferential velocity v< 10 m/s
GG, GGG (ferr.), circumferential velocity v< 10 m/s

Figure 18 — Determination of running-in allowance, y,, of gear pair (see also Figure 17)
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Figure 18 is derived from Figure 11. If the materials of the pinion and the wheel are different, y, shall be
determined in accordance with Formula (80).

9 Tooth stiffness parameters, ¢’ and cy

9.1 Stiffness influences

A tooth stiffness parameter represents the requisite load over 1 mm face width, directed along the line
of action!?) to produce, in line with the load, the deformation amounting to 1 um of one or more pairs of
deviation free teeth in contact. This deformation is equal to the base circle length of arc, corresponding
to tHe load induced rotation angle of one gear of the pair when the mating gear is held fast;

Single stiffness, ¢’, is the maximum stiffness of a single pair of spur gear teeth. It is approxinmately equal
to the maximum stiffness of a tooth pair in single pair contact!3). The value ¢’ for hélical gears is the
maxjmum stiffness calculated in the transverse plane for one tooth pair; ¢’ is neéded for the calculation
of the dynamic factor, K,,.

Mesh stiffness, c,, is the mean value of stiffness of all the teeth in a mesh. For the determination of the
dyngmic factor, }/(’V, and transverse load factors, Ky, and Kg,, the tangent of the load deflgction curve
at tHe pertinent load is used for evaluation of c,, (see 9.3.3.1). For-the determination of the face load
factgrs Ky and Kgp, the slope of a line drawn in the load deflection graph between the original and the

pertinent load point is used for evaluation of ¢,z (see 9.3.3.2),

The main influences affecting tooth stiffness are

a) footh data (number of teeth, basic rack profile,-addendum modification, helix angle| transverse
Contact ratio),

b) plank design (rim thickness, web thickness),
c) ppecificload normal to the tooth flank,

d) phaft hub connection,

e) foughness and waviness of the tooth surface,
f) mesh misalignment of the,gear pair, and

g) modulus of elasticity.of the materials.

9.2 | Determination methods for tooth stiffness parameters — Principles and
assyumptions

9.2.1 General

Sevdralmethods of dpfprmining tooth stiffness parametersin accordance with the rules given in 41.16
are described in 9.2.2 to 9.2.3. For Method B, these stiffness values apply for accurate gears; lower
values can be expected for less accurate gears.

12) The tooth deflection can be determined approximately using F, (F,,, Fyy, ...) instead of F,.. Conversion from F;
to Fy, (load tangent to the base cylinder) is covered by the relevant factors, or the modifications resulting from this
conversion can be ignored when compared with other uncertainties (e.g. tolerances on the measured values).

13) c' at the outer limit of single pair tooth contact can be assumed to approximate the maximum value of single
stiffness when ¢, > 1,2.

© IS0 2019 - All rights reserved 71


https://standardsiso.com/api/?name=92a270ed0ffc2d8add7437cd1ed8ab93

ISO 6336-

1:2019(E)

9.2.2 Method A — Tooth stiffness parameters ¢’y and ¢, ,

In this method, the tooth stiffness is determined by a comprehensive analysis including all influences.
This can be done by making direct measurements on the gear pair of interest. Values based on the

theory of el

asticity can be calculated or determined by finite element methods.

9.2.3 Method B — Tooth stiffness parameters c'yand ¢,

This method is based on studies of the elastic behaviour of solid disc spur gears.

With the help of a series expansion, a sample expression was derived for cylindrical gears conjugate to

a standard
specificloa

Differences
of a correct

Additional
to be applie
rack profile

By superpo
the calculat

9.3 Dete

9.3.1 General

asic rack profile according to ISO 53; see NOTE in U.3.Z.Z. This was based on an assy
ling of F,/b = 300 N/mm. Using this method, theoretical single stiffnesses, ¢, are obta

between these theoretical results and the results of measurements are adjustedby m
on factor, Cy;, and extension section to adjust for low specific loading.

forrection factors, determined by measurement and theoretical means, allow this me
S (factor C) and helical gears (factor cos f).

sition of the single stiffness of all tooth pairs simultaneously it contact, an expressio
ion of ¢, was developed. Its accuracy was verified by measur€ment results.

rmination of tooth stiffness parameters, ¢’ and Cyi according to Method B

med
ned.

gans

thod

d to gears consisting of rims and webs (factor Cy), similar to gears gonjugate to other basic

h for

are,
well

gral

(81)

Subject to the conditions and assumptions described in®.2.3, ¢’ and ¢, as determined by Method B
in general, sufficiently accurate for the calculation ofthe dynamic factor and face load factors as
as for the d¢termination of profile and helix modifications for gears in accordance with the followi
a) externgl gears;
b) any bagic rack profile;
c) spur and helical gears with 8 <45
d) steel/steel gear pairs;
e) any dedign of gear blank;
f) shaft hyb fitting spreads the transfer of torque evenly around the circumference (pinion inte
with shiaft, intefference fit or splined fitting);
g) specifi¢load (F, K,) / b =100 N/mm.
NOTE  TheTombersofteetrof virtuat spurgears T the Tormrat sectiomtamrbe tatcotatedapproximatety as:
A 22
“n1” cos®B andzy, = cos3 B

Method B can also be used, either approximately or with further auxiliary factors, for gears in

accordance

interna

72

with the following:

1 gears;

materials combination other than steel/steel;
shaft hub assembly other than under f), e.g. with fitted key;
specific load (F, K, K,) / b <100 N/mm.

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=92a270ed0ffc2d8add7437cd1ed8ab93

9.3.2

ISO 6336-

Single stiffness, ¢’

9.3.2.1 General

1:2019(E)

For gears having features listed under 9.3.1 a) to g) the following formula provides acceptable

aver

age values:

¢’=cy, Cy Cg Cgcosf

9.3

4

!
Cth
helid

9.3.1
i ¢
Forn

2

s appropriate to solid disc gears and to the specified standard basic rack tooth profi|le. 'y, for a

al gear is the theoretical single stiffness relevant to the appropriate virtual spurgear (
| above).

an be calculated for gear teeth having the basic rack profile specified in-the following
hulae (83) and (84).

Whe

See

NOT
hep =
actu

C C
L2 b5
an n2

Cex

571
+C,x) +——
nl

C-x

72 2 2

+C6x2 +—+68x1 +C9x2
n2

1'=C, +

Table 13 for coefficients C; to Cq.

[
»

Series progression in accordance with-9.2.2 for gears with basic rack profile: ap = 2
1,2 m,, and pgp = 0,2 m,. Formulae (83) and'\(84) apply for the range x; = x,; =0,5 < x; +x, < 2,0.
] values from calculated values in rangel00 < Fy,, / b <1 600 N/mm are between +5 % and -8

Table 13 — Coefficients for Formula (84)

re q' is the minimum value for the flexibility of a pair of teéth'(compare with definition

(82)

tee NOTE in

NOTE using

(83)
of ¢"in 9.1);
(84)
JO' haP = my,

Deviations of
0.

Cl CZ C3 C4 C5 C6 C7 C8 C9
0,447 23 0,15551 0,25791 | -0,00635 | -0,116 54 | -0,00193 | -0,24188 | 0,00529 | 0,001 82
9.3.2.3 Correctionfactor, Cy

Cy accounts for the difference between the measured values and the theoretical calculate

solid

disc gears!

£y =08

d values for

(85)

9.3.2.4 Gear blank factor, Cy

Cr accounts for the flexibility of gear rims and webs. The following provides mean values of C, suitable
for use when the mating gear body is equally stiff or stiffer.
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For solid disc gears:

Cr=1,0 (86)

The adoption of these average values is permissible considering the other uncertainties. Thus, for
instance, the tooth stiffness of a gear of webbed design is not constant over the face width.

a) Determination by calculation: Cy can be calculated using Formula (87). It is consistent with curves
in Figure 19, within -1 % to +7 %.

In(b_/b)
CR =1+W (87)

b) Graphigal values: Cy can be read from Figure 19 as a function of gear rim thickness sp.'and ceptral
web thickness b..

when b|/b < 0,2 substitute b./b=0,2;
when b|/b > 1,2 substitute b./b=1,2;

when sy /m, <1 substitute sz/m,=1.
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X by/b
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Figure 19 — Gear blank factor, C; —Mean values for mating gears of similar or stiffer wheel
blank design
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9.3.2.5 Basicrack factor, Cj

Cy accounts for the deviations of the actual basic rack profile of the gear from the standard basic rack
profile for which ISO 53:1998 shall apply.

Cp=[1,0+0,5(1,2—hg, /m, ) ][1,0-0,02(20°~czp, )]

(88)

When the pinion basic rack dedendum is different from that of the wheel, the arithmetic mean of Cy for
a gear pair conjugate to the pinion basic rack and Cp, for a gear pair conjugate to the basic rack of the
wheel is used:

Cg =0,

9.3.2.6 A
The followi
a) Helical

The thd
by the

(Cpy +Cpy)

lditional information
g is also relevant:
gearing

oretical single stiffness of the teeth of virtual spur gears of a helical gear pair is transfor
erm cosf in Formula (82) from the normal into the transvérse theoretical single stiff]

¢’y of t
in the

ne teeth of the helical gears. Consequently, ¢,z and ¢, are defined in the transverse dire
lane of action.

b) Internal gearing

Approxiimate values of the theoretical single stiffnesses of internal gear teeth can als
determfined from Formulae (83) and (84), by the supstitution of infinity for z,,.

c) Materig

For ma
followi

where
E=

(E/Esy)
d) Shafta

I combinations

hg formula:

, E

St/st|
/ ESt

2, E,
E, +E,

s equalto 0,74 for steel/grey cast iron and is equal to 0,59 for grey cast iron/grey cast

\d-gear assembly

(89)

med
ness
tion

b be

ferial combinations other than steel with steel, the value of ¢’ can be determined from the

(90)

(o1

ron.

[f the pinion or the wheel or both are assembled on the shaft(s) with a fitted key, the single stiffness,
under constant load, varies between maximum and minimum values twice per revolution.

The minimum value is approximately equal to the single stiffness with interference or spline fits.

When one gear of a pair is press-fitted onto a shaft with a fitted key, and the mating gear is
assembled with its shaft by means of an interference or splined fitting, the average value of single
stiffness is about 5 % greater than the minimum. When both gears of a pair are push fitted onto
shafts with fitted keys, the average single stiffness is about 10 % greater than the minimum.

76
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Specific load (F, Ky K, / b) <100 N/mm

Atlow specificloading, the single stiffness decreases with reduced load!¥. By way of approximation,

when (F, Ky K)) / b <100 N/mm:

0,25
FKpK, /b
100

c’=cy, Cy Cg Cr cosﬁ[

14

(92)

ya

¢,, ip used for the calculation of the internal dynamic factor K, see Clause 6, and the-trarjsverse load

ya
fact

prs, Ky, and K, see Clause 8.

Follgwing the methods quoted in 9.2.3 for spur gears with €, > 1,2 and helieal’gears with

mes

with

whe

9.3.]

C)/ﬁl

For (

with

10

10.1

The

whe

1 stiffness:

o =¢'(0,75¢€, +0,25)

h for spur gears €, < 1,2.

B.2  Mesh stiffness, Cyp
s used for the calculation of the face load factors'Ky;z and Kpp, see Clause 7.
[ a value as follows is used:

f5 =0,85¢,,
¢, according to Formula (93).

Parameter of Hertzian contact

| Local radius of relative curvature

Jocal normalnadius of relative curvature, p_.4 cp can be calculated according to formuls

O \ pred,t,CP
red,GR COSﬁb

B < 30°, the

(93)

¢" according to Formula (82). The value €, can be up to 10.% less than values from Fprmula (93)

(94)

L (95).

(95)

p

redtcp 1S thelocal transverse radius of relative curvature at the contact point, CP;

Py is the base helix angle.

14)

When (F K, K,) /b >100 N/mm, ¢’ can be assumed to be constant.
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The local transverse radius of relative curvature, p,.4 cp, can be determined according to formula (96)

pred,t,CP =

where

Pt1,2,cp

Pt1,cp Pr2cp
Pr1cp tPr2cp

d2

2
d b1,2

CP12 "~
4

Pr1,2,cP
dp1,2

dCPl,Z

10.2 Redu

For mating
elasticity, H

formula (99

is the transverse radius of curvature on the pinion/wheel at the contact point, CP;
is the base diameter of pinion/wheel;

is the diameter of pinion/wheel at the contact point, CP.

ced modulus of elasticity, E,

|, can be determined by formula (98). For mating gears of theysame material E = E;
) may be used.

2
E =
r 2 2
3 -vi 1-vs
Ey E;
E. S . forE; =E, =F andv, =v, =v
1-4v?
where
E. ip the reduced modulus of elasticity;
E; i the modulus of elasticity-ef.pinion;
E, ip the modulus of elasticity of wheel;
121 ip the Poisson's ratie-of the pinion;
v, ip the Poissons-ratio of the wheel.
10.3 Local Hertzian contact stress, pg,, cp
10.3.1 Method A

(96)

(97)

gears of different material and modulus of elasticity E; and £y the reduced modulys of

= E,

(98)

(99)

By this method, the local nominal Hertzian contact stress, py cpa, in each considered contact point, CP,
over face width and height is determined by means of a detailed contact analysis, for example based on
a full 3D elastic contact model. This method depends e.g. on the elastic deflections under load, the static

displaceme

nts and on the stiffness of the whole elastic system.

Payn,cp,a =PH,cp,A m

78

(100)
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where

Pucpa  isthelocal nominal Hertzian contact stress, calculated with a 3D load distribution

program;
Ky is the application factor;
K, is the mesh load factor;
1/~ > 41 1 . £ b
I\V IS LIIC u_yucuuu, IdCLOUI.

Whdre either K, - K, or K, influences are already considered in the 3D elastic mesh contact model either
or bpth K, - K, and K, should be set as 1,0 in Formula (100).

10.3.2 Method B

10.3.2.1 General

By this method, the nominal Hertzian contact stress, py cpp, is calgilated according to Formula (102)
for geveral defined contact points. A detailed contact analysis i§,not performed. The total load in the
case| of drive trains with multiple transmission paths or plafetary gear systems is not duite evenly
distfibuted over the individual meshes. This is to be taken.into consideration by inserting i mesh load
factgr, K, to follow K in Formula (101), to adjust the average load per mesh as necessary.

Ddyn,cP,B = PH,CP,B '\/KA Ky, K, Kyg Kyg (101)

where

Pucpg  is thelocal nominal Hertzign-contact stress;

Ha is the application factors

K is the mesh load factor;

H, is the dynamic factor;

Ko is the trahsverse load factor;

Hyp is the-face load factor.
NOTE LocalHertzian contact stress for gears with a total contact ratio £, > 2 can only be calculated according
to MethodA.
10.3 SrPICEB

The nominal Hertzian contact stress, py cpp, is used to determine the local Hertzian contact stress,
Payn,cpp (see 10.3.2.1). To take the influence of different profile modifications into account, the load
sharing factor Xgp is introduced. For the calculation of the local nominal Hertzian contact stress the
local nominal radius of relative curvature is used.

E F -X
PHCPB =y 5o < (102)
- 27 \|b-Preq cp - COSQ,
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where

is the face width;
is the transverse tangential load at reference cylinder;
is the load sharing factor (see 10.5);

is the reduced modulus of elasticity (see 10.2);

pred,CP

10.4 Half

is the transverse pressure angle;

is the local normal radius of relative curvature (see 10.1).

pf the Hertzian contact width, by

Half of the Hertzian contact width, by, can be calculated according to Formula (¥03].

bH,CP =
where

pdyn,CP
pred,CP

E

r

10.5 Load

p dyn,CP
E

r

£1“pred,CP‘

is the local Hertzian contact stress at the contactpoint, CP;
is the local radius of relative curvature at the contact point, CP;

is the reduced modulus of elasticity.

distribution along the path of contact

10.5.1 Deffinition of contact points, CR, on the path of contact

The contac
point contal
pinion: cont
[t describes

the actual contact point between pinion and wheel in a certain meshing position, gcp.

(103)

point, CP, is located between the start of active profile, SAP, (for driving pinion: contact
ct point A, for driving, wheel: contact point E) and end of active profile, EAP, (for driving
act point E, for driving'wheel: contact point A) on the path of contact according to Figurg 20.

CP=
A gcd =9, =0mm the pinion lower end point on the path of contact (104)
AB gcp|=09ag =(9, —Pe )/ 2 the midway point between Aand B (105)
B gcp =95 =9, — P, the pinionlower point of single pair tooth contact (106)
d d? d?
C Jop=9c =71-tanocwt - l\rl —% +9,, the pitch point (107)
D gcp =9p =D, the pinion upper point of single pair tooth contact (108)
DE g.p =9pg =(9y —Pet )/ 2+ Dy the midway point between Dand E (109)
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(110)

The CP-circle diameter of pinion, d:p;, and wheel, d.p,, are dependent on the location of the contact point,
CP, on the path of contact, gp, and can be calculated according to Formula (111) and Formula (112).

2 2 2 2
depy =2 dzl + dN:1 _dzl Yo T Ycp
1’c132:'\/4+ 4 4 _gCPJ
where
dy,1 is the active tip diameter of pinion (see Figure 20);
dy.o 1is the active tip diameter of wheel (see Figure 20);
dy,; is the base diameter of pinion (see Figure 20);
dy,, isthe base diameter of wheel (see Figure 20);

Jgep is the parameter on the path of contact (see Figure:20);

gy  isthelength of path of contact (see Figure 20

© IS0 2019 - All rights reserved
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0
Z

Figure 20 — Definition of contact point CP on the line of action

10.5.2 Load sharing factor, Xp

10.5.2.1 General

The load sharing factor, X.p, accounts for the load sharing of succeeding pairs of meshing teeth. The load
sharing factor is presented as a function of the linear parameter g.p on the path of contactl1Z! (see also
10.5.1).
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Depending on manufacturing deviations and type and amount of profile modifications the real local
load sharing may differ from its theoretical value. Due to such effects a preceding pair of meshing teeth
may cause an instantaneous increase or decrease of the theoretical load sharing factor, independent of
similar effects on a succeeding pair of meshing teeth at a later time. The value of X, does not exceed 1,0
(for cylindrical gears), which means full transverse single tooth contact. The region of transverse single
tooth contact may be extended by an irregularly varying location of a dynamic load.

The load sharing factor, X.p, depends on the type of gear transmission and on the profile modification.
In case of buttressing of helical teeth (no profile modification) the load sharing factor is combined with
a buttressing factor, X cpl1Zl.

10.5

The
disc
path
flanl

.2.2 Spur gears with unmodified profiles

load sharing factor for a spur gear with unmodified profile is conventionally suppos¢
bntinuous trapezoidal shape; see Figure 21. However, due to manufacturing inaccurag
of double contact the load sharing factor will increase for protruding flanksand decred
ts. The representative load sharing factor is an envelope of possible curves;-see Figure

1

2/3

1/3

|
|
|
|
|
|
|
| |
A AB B

I
|
I
I
I
I
D DE E

Figure 21 — Load sharing factor for.gylindrical spur gears with unmodified profi
tolerance class < 7

I I
I I
I I
I I
I I
I I
I I
I I
| |
A AB B D

Figure 22 — Load sharing factor for cvlindrical gears with unmodified profil

d to have a
ies, in each
se for other
V2.

les and

s and

tolerance class 8

A-3 1

for g, < <
CP 12 3 9 Ir=Ycp <IB

Xep=1,0 for gg <gcp < 9p

X

A-3 1 9y —9cp
cp= t3
12 3 g,-9p

for gp <gcp < 9
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where

A= 7 for tolerance class < 7 according to ISO 1328-1:2013;

A= tolerance class for class = 8 according to ISO 1328-1:2013.

10.5.2.3 Spur gears with profile modification

a) Load sharing factor for cylindrical spur gears with adequate profile modification on pinion and
wheel (see Figure 23)

I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
| |
B D

A AB

Figure 23|— Load sharing factor for cylindrical spur gears with adequate profile modificatjon

9

Xep :_(g forgs<gcp=<gs (116)

Xcp =110 forgg <gcp<9p ([117)
9o — 9

Xep=—E  forgp<gcp<gg ([118)
ga _gD

b) Load sharing factor for cylindrical spur gears with adequate profile modification on the addendum
of the wheel and/or the dedéndum of the pinion (see Figure 24)

1

2/3
1/2

7

|
|
I
|
|
A AB B

I
I
I
I
I
I
i
I
I
|
D DE E

Figure 24 — Load sharing factor for cylindrical spur gears with adequate profile modification
on the addendum of the wheel and/or the dedendum of the pinion

9
B
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1 1 9cp

X..=—4+_.2= for < < 120

cP=373 95 9IaB <9cp <IB (120)

Xep=10 forgg<gcp <9p (121)
9o —9

Xcp =2 P for gp < gcp < 9pE (122)
g(x _gD

Xep :l+l-M forgpp<gep<gg (123)
3 3 9y —9p

c) Load sharing factor for cylindrical spur gears with adequate profile modification,en th¢ addendum
bf the pinion and/or the dedendum of the wheel (see Figure 25)

1

1/3

|
|
|
|
| |
| |
| |
| |
| |
| I
I |
| |
B D

A AB

Figure 25 — Load sharing factor for cylindrical spur gears with adequate profile modification
on the addendum of the pinion'and/or the dedendum of the wheel

1 1 Gcp

K o =—+—— for gz < < 124

CP=373 s 9i S9cp=YaB (124)
9

Xcp :f for gap <gcp < 9s (125)
B

Kep=1,0 for gg <gcp < 9p (126)
1 1.9, 9

Xcp == P for gp < gcp < g (127)
303 9o —9p
9o — 9

Xep :,fx—ncp for gpg <gcp < 9g (128)
Yo 9D

10.5.2.4 Buttressing factor, X, cp

Helical gears may have a buttressing effect near the end points A and E of the path of contact, due to the
oblique contact lines. This applies to cylindrical helical gears with no profile modification.
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but,A

X

AN 1 /

but,E

A AUl AR B D DE El E

The buttreg
Iay — 9
with
ga=0mm
IE=Ya

Xbut,A 7

Xbut,A 1

X but,AU

Xbut,CP

Xbut,CP

Xbut,CP

where &g is

Figure 26 — Buttressing factor, X, cp

sing is expressed by means of a factor X, cp; see Figure 26, marked by the following values.

\ =9 —9py =0,2mm:sin

 Xpu s =13 ifeg>1,0
F Xput,p =1+0,3-5 if £5<1,0
=Xput,gu = 1,0
Ycp

=X, -— (X -1 for g, < <

but,A O,me'Sinﬁb ( bl.lt,A ) gA gCP gAU
=1,0 for gay <9gcp < 9ru

IaYcp

= Xput B ~ S (Xbut,E _1) for gpy <9gcp <9k

02 mm-sinﬁb -

Lhe overlap ratio.

10.5.2.5 HFlical gears with g < 0,8 and unmodified profiles

(1129)

([130)
131)

(132)

([133)

(L34)

(1L35)

Helical gears with a contactratio ¢, = 1 and overlap ratio &, < 0,8, have single contact and limited double
contact of tooth pairs. Hence, they can be treated similar to spur gears, considering the geometry in the
transverse plane, as well as the buttressing effect. See Figure 27.
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|
|
|
|
|
|
|
D

lIigure 27 — Load sharing factor for cylindrical helical gears with ¢; < 0,8 and unnjodified
profiles, including buttressing effect

The Joad sharing factor is obtained by multiplying the X;p in 10.5.2.2 with the buttressing factor, X, cp,
in 10.5.2.4.

10.5.2.6 Helical gears with ¢; < 0,8 and profile modification

Heligal gears with a contact ratio €, 2 1 and overlap ratio €4 < 0,8, have'single contact and linjited double
contact of tooth pairs. Hence, they can be treated similar to spurigears, considering the geotpnetry in the
trangverse plane. See Figure 28, Figure 29 and Figure 30.

I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
I I
| |
B D

A AB

Figure 28 — Load sharingfactor for cylindrical helical gears with ¢; < 0,8 and adequate profile
modification

|
|
|
|
|
|
|
|
|
[
I
|
D

>
>
c
=
os]
m _—

DE EU E

Figure 29 — Load sharing factor for cylindrical helical gears with ¢, < 0,8 and adequate profile
modification on addendum of the wheel and/or the dedendum of the pinion
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Figure 30
m

The load sh
in 10.5.2.4.

pdification on the addendum of the pinion and/or the dedendum of the wheel

hring factor is obtained by multiplying the Xp in 10.5.2.3 with the buttressifig factor, X},

10.5.2.7 H

The buttregsing effect of local high mesh stiffness at the end of oblique contact lines for helical g
with g, 2 1jand &3 2 1,2, is assumed to act near the ends A and E alongthe helix teeth over a cong
length, which corresponds to a transverse relative distance 0,2 mun/sinf,; see Figure 31. See
10.5.2.3 andl Figure 26.

lical gears with ¢; > 1,2 and unmodified profiles

Figure 31

The load sh
buttressing

Xy =
Cp €

1 .x

\ /

— Load sharing factor-for cylindrical helical gears with 1,2 and unmodified profi

factor, Xy, ¢p>

|

but;EP (
Dl

thétransverse contact ratio.

— Load sharing factor for cylindrical helical gears with ¢, < 0,8 and adequate prokile

ut,CPr

ears
tant
also

les

pring factor is obtained by multiplying the value 1/¢,, representing the mean load, with the

136)

where ¢, is

10.5.2.8 H

elical gears with ¢; > 1,2 and profile modification

Tip relief on the pinion (respectively wheel) reduces X.p in the range DE-E (respectively A-AB) and
increases X;p in the range AB-DE, see Figure 32, Figure 33 and Figure 34. The extensions of tip relief at
both ends A-AB and DE-E of the path of contact are assumed to be equal and to result in a contact ratio
g, = 1for unloaded gears; see Figure 32.

a) Load sharing factor for cylindrical helical gears with g5 2 1,2 and adequate profile modification on
pinion and wheel

88
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A AB B D DE E
Figure 32 — Load sharing factor for cylindrical helical gears with e; > 1,2 and adequaLte profile
modification
1 €, 1 g
Xcp z{_Jr (e )1 } = forga<gcp<9as (137)
€y &y '(ga + ) 9aB
1 (g,-1)
Xy =—+— for < < 138
CP e, €, '(8a+1) 9aB <Ycp =YpE (138)
1 £,=1) | 9,-9
Xcp ={_+ (e 1 } « P for gpg <gcp %0k (139)
€ 8a'(8a+ ) Yo, ~9DE

b) Load sharing factor for cylindrical helical gears with €5 2 1,2 and adequate profile modification on
the addendum of the wheel and/or the dedenduinof the pinion

Figure 33 — Load sharing factor for cylindrical helical gears with ¢, > 1,2 and adequate profile
modification on the addendum of the wheel and/or the dedendum of the pinipn

1 €, 1 g
Xcp {—"' (2, 1) } e for ga <gcp < 9as (140)
€q 2‘8a'(£a+1) IaB
Xcp -1, O for gag <9gcp < 9ru (141)
g, 2-€, (£a+1)
Xep = i+M Xy cp for gy <9Jep < Jg (142)
€, 2~8a~(8a+1) ut,

c) Load sharing factor for cylindrical helical gears with €5, > 1,2 and adequate profile modification on
the addendum of the pinion and/or the dedendum of the wheel
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— Load sharing factor for cylindrical helical gears with ¢, > 1,2 and adequate pro
modification on the addendum of the pinion and/or dedendum of the wheel

kile

X =| s (£ =1) X forgs<gcp<g 143)
X ——L—+ (80‘_1) forgay<gep<g (n44)
cP— AU <Ycp = YpE
e, 2-g,(g,+1)
1 e, -1 -
Xep :{ = ( o 1 } P for gpg <gep < gk ([145)
€y (Sa + ) Yo ~9pE
10.5.2.9 Helical gears with 0,8 < €g < 1,2
Due to the flact that gears are not infinite stiff, the overlap'ratio changes depending on the load. To [take
this into ac¢ount, for helical gears with calculated overlap ratios 0,8 < ;< 1,2, an interpolation betyeen
the load shqring factor X¢p(e;=0,8) for €= 0,8 (see,J0.5.2.5 for unmodlfﬁed profiles respectively 10.5.2.6
for modifiefl profiles) and f cpleg=1 2) for 5 =(1,2 (see 10.5.2.7 for unmodified profiles respectjvely
10.5.2.8 for[modified profiles) has to be performeéd. For helical gears with 0,8 < e5< 1,2, X;p is calculated
as follows:
1,2-¢ e;-0,8
_ —0g) P —12)L "~
Xep (€4 )=Xcp (85 =0.8) G +Xep (£5=1,2) 02 (146)
10.6 Sum pf tangential velocity, vy p
The sum of the tangentialvelocities at a contact point, CP, is calculated according to Formula (147)] The
velocity for|pinion, Vinép and wheel, Vi,cp I @ certain contact point, CP, on the tooth flank depends on
the diametqr at pinion, d.p;, and the diameter at wheel, d¢p,, of point CP.
Vs.cp = {iep tVr2,cp ([47)
where
oo dwa dépy —diy
Ve cp T4 T R Y (148)
60 2000 diq,—dp;
n d d
=2.m-—L . W2 gip P2 b2 (149)
r2,CP wt 2 2
u-60 2000 di, —dg,
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The dynamic viscosity at given temperature, 1, can*be’calculated according to Formula (15

wh

11

The [kinematic viseosity at a given temperature, vy, can be calculated from the kinematic v
at 4x °C and thedkisfematic viscosity, v;4,, at 100 °C on the basis of Formula (151). Extrapc
tem

wh

ISO 6336-

1:2019(E)

Vi1cp is the tangential velocity on pinion (see Figure 20);

Vi2.CP is the tangential velocity on wheel (see Figure 20);

dp1 is the base diameter of pinion;

dy is the base diameter of wheel;

d 1 is the pitch diameter of pinion;

dyyo is the pitch diameter of wheel;

depq is the diameter of the pinion at contact point CP (see Figure 20 and 10.5);

dipr is the diameter of the wheel at contact point CP (see Figure 20 and 10.5);

ny is the rotation speed of pinion;

u=2z,/z; isthe gear ratio;

A, is the working transverse pressure angle at the pitch cylinder.
Lubricant parameters at given temperature

.1 General

lg =107°-v4 - pg

ere

vp  is the kinematic viscosity of the lubricant at a given temperature (see 11.2);

pp  isthe density of the lubricant at a given temperature (see 11.3).

.4 Kinematic viscesity at a given temperature, v,

erature highier than 140 °C should be confirmed by measurement.

0).
(150)

SCosity, vy,
lation for a

og[ log{v, +0,7)]=A-log(6+273)+B (151)
ere
Azlog[log(v40+0,7)/10g(v100+0,7):| (152)
log(313/373)
leog[log(v40+0,7):|—A10g(313) (153)
0 is a given temperature,
V40 is the kinematic viscosity of the lubricant at 40 °C;
Vipo Iis the kinematic viscosity of the lubricant at 100 °C.
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11.3 Density of the lubricant at a given temperature 6, p,

If the density of the lubricant at a given temperature 6, py, is not available, it can be approximated based
on the density of the lubricant at 15 °C according to Formula (154).

0+273)-289
Py =Prs° 1-q,7.10+273)7289 (154)
P1s

where

P1s is the dpncify of the lubricantat 15 °C qr‘r‘nrding to the lubricant data sheet;

0 is p given temperature.
If no data fdr p,5 is available, then Formula (155) can be used for approximation of mineraloils.
P15 =48,37-logv,, +805,5 (L55)

where v, i§ the kinematic viscosity of the lubricant at 40 °C.
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Additional methods for determination of f; and f,

1:2019(E)

A.1_Determination of f, from contact pattern
Onc¢ the transmission has been assembled, the equivalent misalignment, f;;, can be calctlated for gears
with or without helix modification from the width of the contact pattern without load and with part
load} Equipment suitable for the application of part load shall be available.
Sincg the mesh stiffness falls off sharply at low specific loading, the specificZloading at partial load
shoyld be atleast 100 N/mm.
Cardg shall be taken to ensure that the pinion and wheel shaft journals-are in their working attitudes
duripg contact pattern development (appropriate bearing clearance$).
The procedure is as follows:
a) Petermine the mesh misalignment, f, ., in accordance with 7.5.4.2.
b) Measure contact pattern length, b_,, 1, under partiatload, F,,1, and calculate b, 1 / b.
tis necessary that the partload be chosen such that the contact pattern dimension, b,/ is less than
the face width (b.,,/b < 1); however, the smallest load should not be less than 10 % of the full load.
The maximum length of contact pattern Should not exceed 85 % of the face width (b.},/b < 0,85),
n order to ensure that the contact pattern width is less than the face width (the type of load
Histribution for b_,; = b is not clearly-defined, see Figures 7 and 8).
¢) Petermine the equivalent misalignment, Fp, 1, under partial load (see Clause 9 for tooth stiffness c, p):
2F
_ T
BxT = "2 a1
b bcalT c
b 7]
d) [alculate f, ander partial load:
fshT:‘F,BxT_fma‘ (A.2)
e) [Lompute f; under full load (linear extrapolation):
F
fsh :fshT Fm (A.3)
mT
NOTE Depending on the design, the accuracy of the method can be seriously impaired when the nonlinear

deflection components are induced at larger partial loads.
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A.2 Determination of f,,

A.2.1 Determination of f ., on basis of no load contact pattern

Under ideal

thickness o

conditions f,, can be derived from

(A4)

a more detq

The coating

iled analysis is necessary.

Figure A.1 — Length of contact pattern b, and face width b

thickness of common marking compounds is in‘the range 2 um to 20 pm; 6 um can be

ised

as a mean vplue consistent with good working practice.
If the minithum length of contact pattern is stated-on the drawing, it is convenient to determing the
maximum germissible mesh misalignment.
bs,
fma max| = b AS)
cOmin
A mean valge suitable for use in preliminary design calculations is
fma_gfmamax .6)
After final pssembly in_the gear case, maximum and minimum values of mesh misalignment, f_| .«
and f,, mind can bedetermined from the minimum or the maximum lengths of the contact paftern
respectively. Thesevalues enable the recalculation of the preliminary rated load capacity:
fma:0 5(fmamax*_fmamin\) A'7)
= b A.8
fma max b Se (A.8)
c0min
= b A9
fma min b Se (A9)
c0 max

The contact patterns shall be created with pinion and wheel shaft journals in their working attitudes.

15) Precise knowledge of the coating thickness is of great importance. In case of doubt, the actual coating thickness
should be determined.

94

© ISO 2019 - All rights reserved


https://standardsiso.com/api/?name=92a270ed0ffc2d8add7437cd1ed8ab93

IS0 6336-1:2019(E)

A.2.2 Determination of f , from length of the contact pattern under partial load and
theoretically determined deformations

The following conditions are necessary for application:

The elastic deflections of pinion, wheel, shafts, casing and bearings, f;, fo2, foq and fi,. (see 7.5.3.4), are
to be determined using an accurate calculation method. As a rule, Method C is not sufficiently accurate
for the purpose. As indicated, the individual deflections shall be carefully considered.

The length of the contact pattern, b, 1, at partial loading, F,,; (see A.1), is measured and the equivalent
misalignment, Fg,p, at partial loading is determined using Formula (A.10):

2F
_ mT (A.10)

pﬁxT b 2
{ b( calT J c :l
b B

When calculating mesh misalignment, it is necessary to distinguish between‘the two cases.

Case 1: the elastic deflections augment the mesh misalignment (see, for.example, Figure 12):
fma:FﬂxT_‘(fsh+f;h2+fca+fbe)T‘ (A.11)

Case¢ 2: the elastic deflections tend to compensate for the mesh misalignment (see, for example,
Figulre 12):

fma:FﬁxT+‘(fsh+fsh2+fca+fbe )T‘ (A12)

When gears are crowned or end-relieved, an accurate analysis is necessary.

Whdn the length of the contact pattern varies around the circumference, f,,, ,,.x shall be dprived from
the minimum length, f, . i, shall be detived from the maximum length, and then f . shal] be derived

from Formula (A.7).
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Annex B
(informative)

Guide values for crowning and end relief of teeth of cylindrical gears

B.1 General

Well-design
the face wi
deformatios
helix angle
modificatio

B.2 Amg

The follow
necessary t

Subject to 4
that the val

Figure 8)].

The initial
using a mog

Furthermot

ed crowning and end relief have a beneficial influence on the distribution of lgad
dth of a gear (see Clause 7). Design details should be based on a careful estimate o
s and manufacturing deviations of the gearing of interest. If deformations arefeonsider
modification might be superposed over crowning or end relief, but wellsdesigned

h is preferable.

unt of crowning, C ;

ng non-mandatory rule is drawn from experience; the amount of crowning whig
b obtain acceptable distribution of load can be determined{as‘follows:

he limitations, 10 pm < C; < 40 um plus a manufacturing tolerance of 5 um to 10 pm
e b, /b would have been greater than 1 had the gearsnot been crowned, (3= 0,5 Fg,

quivalent misalignment, Fp, ., should be calctilated as though the gears were not crow
ified version of Formula (54) in which 1,0.£y, s substituted for 1,33 f;;, — see Formula

e, f¢, shall be determined as though the'gears were not crowned in accordance with 7.3

&%

C41b)

Figure B.1 — Amount of crowning, C[;(b), and width, b(b) (see 7.5.3.5)

over
the

able,
helix

U1
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So as to avoid excessive loading of tooth ends, instead of deriving f_, from

ISO 6336-

calculated as

fmac :1'5fHB

Thus, the crowning amount:

C=0,5(fn +1.5f4p)

1:2019(E)

7.5.4, the value shall be

(B.1)

(B.2)

When the gears are of such stiff construction that f; can for all practical purposes be neglected, or

whep the helices have been modified to compensate for deformation at mid face width,the following
valup can be substituted:

jﬁ = fHﬁ (B.3)
Subjpct to the restriction 10 um < Cg < 25 um plus a manufacturing tolerasice of about 5 gm, 60 % to
70 % of the above values are adequate for extremely accurate and reliable-high-speed gears.
B.3| Amount, (), and width, by, of end relief
B.3.1 Method B.3.1
Thisjmethod is based on an assumed value for the equivalent misalignment of the gear pair, without end
religf and on the recommendations for the amount of géar crowning. The following is non-mandatory.
a) Amount of end relief

For through hardened gears, () = Fpy ¢ plus a manufacturing tolerance of 5 um to 10 pum.

[hus, by analogy with Fg, ., in B.2, Cygqr) should be approximately

For surface hardened apd.pitrided gears: Cy(yj) = 0,5 Fg, ¢, plus a manufacturing tolerapce of 5 pm

fo 10 pm.

bl bred bll
| I
! /| S
[§]
by
b
Figure B.2 — Amount, Cy(y;)_,), and width, b, of end relief (see 7.5.3.5)
Thus, by analogy with Fg, ., in B.2, Cy(y;) should be approximately
Ci) :0'5(fsh+1'5fHﬁ> (B.5)

When the gears are of such stiff construction that f; can for all practical purposes be neglected,
or when the helices have been modified to compensate deformation, proceed in accordance with

Formula (B.2).
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b)

B.3.2 Method B.3.2

60 % to 70 % of the above values is appropriate for very accurate and reliable gears with high
circumferential velocities.

Width of end relief

For approximately constant loading and higher circumferential velocities, by is the smaller of the
values (0,1 b) or (1,0 m).

The following is appropriate for variable loading, low and average speeds:

booq=(0,5t00,7)b (B.6)

This methold is based on the deflection of gear pairs assuming uniform distribution of load over the

face width:

Sy =Hy /(be,g ), where Fy =FK, K K, B.7)
For highly|accurate and reliable gears with high circumferential velocities, the following| are
appropriatd:

CI(H) ={2t03)0py, B.8)

b..q=(P,8t00,9)-b [B.9)

For similar gears of less accuracy:

98

CI(II) = 3t04—)5bth (B.10)
bred =(p,7t00,8)b (B.11)
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Annex C
(informative)

Guide values for Kj; ; for crowned teeth of cylindrical gears

C.1 _General

The [purpose of this annex is to allow the analysis of the more general (non-optimurmn]) crowning
condition.

C.2| Kyp.c for crowned gears

C.2.1 General

Clause 7 covers the calculation of Ky, for crowned gears where thelerowning height, Cp, i one of two
predise values. This annex covers the more general crowning condition.

C.2.2 Non-dimensional crowning height, C /3*

This|is calculated as follows:

Cic
rr =20 (C.1)
F_/b

C.2.3 Nondimensional mesh misalignment, F ﬁx*

This|is calculated as follows:

(6}
pﬁX=(1'3383 fsh+fma)Fﬂ;b (C.2)
m

where

B;  isequalt0.,1 if a helix modification carefully calculated
to mateh the torque being analysed is applied;

H; is‘atherwise equal to 1,0.

C.2.4“_Graphical values

The value of Ky can be read from Figure C.1.
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Key
X
Y

C.2.5 Determination by calculation

AN

crowning height, Cg*
face load factor, Ky

If Cﬁ* =0, then:

100

Figure.Gs1 — Face load factors, K} p for crowned gears

*
FRV

if Fg, <Zthen Ky,

=T+ C.3
5 )
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Kys =(2,25C5 )

/3

1/3
] ,then:

If C[),* > (0,25 Fﬁv*) and Fﬁv* <1,5, then:

If none of the above applies, and Cﬁ* > (0,25 Fﬁx*), then use iteration as follows;

Set g

Cont

If none of the above applies, then obtain value by linear interpolation.

Cy (Fj )2
'(Hﬁ=1+—ﬁ+ Px
3 16Cﬁ

=1,0 as the seed value

[
Cp

Fr _
8Cﬁ

'=4C:,§m(k—m)

4:M_m_t
3 2

1,5(4-1)

=4 K

inue until A is close to unity, then Ky; = q.
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(C.4)

(C.5)

(C.6)

(C.7)

(€.8)

(C.9)

(C.10)
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Annex D
(informative)

Derivations and explanatory notes

D.1 General

The explan
used in this

htory notes in this annex are intended to assist the user's understanding of the formj
document.

ulae

D.2 Deriyation of Ky,; from elastic torsional and bending deflections of pinion
Figure D.1 shows the deformation of a pinion due to bending and torsion when'the load is distributed
uniformly.
The followipg is the formula of torsional deflection under uniform load distribution:
8F /b( b Y g
3 1-= D.1
fe(5) n039E{d jg( 2] )
The maximpim value of f, occursat { =1 and is
2
.4 F,/b
& D.2
Jemax (4)= n039E(d J )
Mean value
t 2
0
The following is the formula of the bending deflection when the load is evenly distributed acros$ the
face width.
8 |Fy /b [ 4 31
=] —283 431 1—— |2 42 1 } D.4
fbgnE(dljé : [ jé [Zb ]& )
The maximpimaalue of fy occursat £ =1/2 and is
2y /D T 7
— - D.5
Jomax =77 [dJ(b 12) (5-5)
Mean value
4 Fy/b(b V(1 3
fom =B = | [ £-2 (D.6)
3n E d, b 5
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7 1
-— r A
| (F./b
i L T e T T e
9{, YYYVYVYYYYY P
O)-[-Jiiiiiie 74
T - - T T T
| b
[
FoléP fH&e
1/ 05 \ 0
. -— &£ =x/b
HIRS .
N
€
<
I
Q
<
E
w
Key
fum | mean value for torsional deflection a  F,/bunder a uniform load distribution
Sfom | mean value for bending deflection b Bending component only.
ftmax| mMaximum torsional deflection of the pinion ¢ Torsional component only.
Sfomax maximum bending deflection of.the pinion d Mean value of tooth deflection.
¢ Torsional and bending component.
Figure D.1 — Deflection of pinion shaft and pinion teeth
Frorh which follows"as an approximation:
_% D.7
fbm_gfbmax (D.7)
The otal dnfnrmafinn nnmpnhnnf of nquiva]nni— mica]ignmnhi— isthe SUN ofthe mean Va]unc Oftorsional

and bending deflections.
1 2
EFﬁx:fbm+ftm:g(fbmax-i'ftmax) (D.8)

To obtain the deformation component of Fp, inclusive of a proportional amount of the running-in
allowance, it is necessary to multiply the deformation component of equivalent misalignment by the
factor y,.

B
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The face load factor Kz is as defined in 7.2.2:

F/b
Hp :(/ﬂ (D.9)
E, /b
If the deflections calculated above are introduced into Formula (D.9), the following is obtained:
—Fm 1000
1 beyg (ftm *fom = Yp )
K =
Hp F_/b
—
B
1B
caXn fi + fi, )1000
414 B2P om + fom ) (D.10)
F /b
1.2 598 1000
7] +§Fm /bxﬁ (ftmax +fbmax )

D.3 Explanatory notes to Formulae (54) and (55)

The factor 1,33 in Formulae (54), (55) and (56) corrects the error arising from the assumption thaf the
elastic defofmation f; is linear. Using the linear deformation formulation with 1,33 f;, the same value
of Ky is calculated as with the actual parabolic deformation and 1,0 f;;, (see Figure D.2).

The following applies to Formula (55):

When corrgct patterns which are suitable in both size ahd position are obtained, one or more of the
following is|implied:

a) components have been correctly manufactured and assembled in accordance with an adequate
design ppecification;

b) manufgcturing deviations of the assembled components partially cancel each other and| the
deviatipns may be less than the permissible values according to ISO 1328-1:2013;

¢) manufdcturing component, f,.iand the deformation component, f;, of mesh alignment are muttyially
compeijsatory.

fmax,p fmax,l
Il= \_\___________ < e T i
\ ]m
| R
f Bf o= 2/3)f 0 f o, = 05f,
a) Actual deflection occurring b) Assumed deflection
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/b f Af 1,33Af
KHﬂ _ _ max,p —14 sh,p 14 sh,l
NOTE F /b fa £, fin

where f( f=w/ c, ) is the tooth deflection.

_ _max

a Consider Afg, |, for parabolic deflection.
b Consider Afy, | for linear deflection.

Figure D.2 — Elastic deflection of the pinion, £, (principle) — Comparison of actual and
assumed progression
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Annex E
(informative)

Analytical determination of load distribution

E.1 General

is describe
deflections

In this annix a method for the evaluation of the load distribution across the teeth of parallel axis %ears
s

bearing, housing and gear body deformations can be taken into account by a similatapproach.

determinat

All theoretical values such as deflections, tooth modifications, lead variation, shaft misalignment

and tooth s

. This method covers the most important deflections such as shaft bending and\tor
and tooth deflections. Other deflections affecting the gear teeth alignment, €.g. dy

on of the deflections is demonstrated by the example shown in Figure E¢l.

iffness shall be calculated in the transverse direction in the planeofaction.

onal
e to
The

gap
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Key

1 shaft 1 10 mesh2

2 shaft 2 11  mesh3

3 shaft 3 12  plane of action for mesh 2

4 shaft 4 13  base diameter for member typical
5 reference end and origin of shaft for'mesh 2 14  base cylinder

6 reference end and origin of shaft for mesh 3 15 plane of action for mesh 3

7 driver LH 16  driven LH

8 driver RH 17  driven RH

9 mesh 1 18 bearing

+BT | axis along the line-of action in the center of the face width of the target mesh
+BTN axis normal‘to-the plane of action in the center of the face width of the target mesh
+BTZ axis perpendicular to +BT and +BTN for a cartesian coordinate system

a Base.tangent coordinate system for mesh 2.
| PSSP 1 Exzanain 1 aaleral caco -Goaal oo aitfllbacao o tooandinaka ckr t
x ls“l C L. L hAalllPlc scllcl dl CAdOoU scal darl 'l allsclllﬁlll luaoc Lallsclll— CUVUIL UI1IlldlTv o S em)

E.2 Shaft bending deflection

E.2.1 General
Gears transmitting power will impose loads and moments on their shafts, which will cause elastic

deflections. These deflections can affect the alignment of the gear teeth and therefore affect the load
distribution across the gear face width.
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