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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
The ISO 6336 series 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

—|{ Technical Reports (TR) contain data that is informative, such as example calculations!

THe procedures specified in ISO 6336-1 to ISO 6336-19 cover fatigue analyses for_ géar rqting. The
prpcedures described in ISO 6336-20 to ISO 6336-29 are predominantly related to the trfbological
behaviour of the lubricated flank surface contact. ISO 6336-30 to ISO 63363239 include| example
calculations. The ISO 6336 series allows the addition of new parts under apprapriate numbers|to reflect
krlowledge gained in the future.

Rdqquesting standardized calculations according to the ISO 6336 series without referring tp specific
pdrts requires the use of only those parts that are currently designated as International Standards (see
Taple 1 for listing). When requesting further calculations, the relevant part or parts of the[ISO 6336
series need to be specified. Use of a Technical Specification as@cceptance criteria for a specifjc designs
neled to be agreed in advance between the manufacturer apd\the purchaser.

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

International Technical Technical

Calculation of load capacity of spur and helical gears Standard Specification Réport

Pqrt 1: Basic principles, introduction and general influ- X
erce factors

Pqrt 2: Calculation of surface durability (pitting) X
Pqrt 3: Calculation of tooth bending strength X
Pqrt 4: Calculation of tooth flank fracture load capacity X

Pqrt 5: Strength and quality of materials X

Pqrt 6: Calculation of servicélife under variable load X

Pqrt 20: Calculation of scuffing load capacity (also
applicable to bevel gid hypoid gears) — Flash tempera-
tyre method

(replaces: ISO/TR 13989-1)

Pqrt 21: Calculation of scuffing load capacity (also ap-
plicable ta-bevel and hypoid gears) — Integral tempera-
tyre method

(replaces: ISO/TR 13989-2)
Part 22: Calculation of micropitting load capacity

(replaces: ISO/TR 15144-1)

Part 30: Calculation examples for the application of X
ISO 6336 parts1,2,3,5

Part 31: Calculation examples of micropitting load capacity
(replaces: ISO/TR 15144-2)

This document provides principles for the calculation of the tooth flank fracture load capacity of
cylindrical involute spur and helical gears with external teeth. The method is based on theoretical and
experimental investigations (see References [9], [10], [12] and [15]) on case carburized test gears and
gears from different industrial applications.
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This document as a part of the ISO 6336 series includes a newly developed method for assessing the
risk of tooth flank fracture, which is still subject to further development. It is published in order to gain
a broader experience with the obtained results in various scopes of application. The knowledge gained
will serve for further development and refinement of this document.

Tooth flank fracture is characterized by a primary fatigue crack in the region of the active contact area,
initiated below the surface due to shear stresses caused by the flank contact. Failures due to tooth
flank fracture are reported from different industrial gear applications and have also been observed on
specially designed test gears for gear running tests. Tooth flank fracture is most often observed on case
carburized gears but failures are also known for nitrided and induction hardened gears. Most of the

observed

The basig for the calculation of the tooth flank fracture load capacity are sophisticated calculati

methods

tooth rlankK Tractures occurred on the driven partner.

on

based on the shear stress intensity hypothesis (SIH, see References [13] and [16}) which

were transferred to a calculation method in closed form solution. With only a small set pf parametérs

concerning gear geometry, gear material and gear load condition, a calculation of thé*{ocal mater

exposure

It should

stress fluctuations and material inhomogeneities. As an example, the presefice of retained austen
in the carburized case can result in the transformation during service and’its associated volumettic
change cdn cause a minute distortion of the teeth and loss of original contact quality thereby changiEg

8

the locali

can be performed in order to calculate the tooth flank fracture load capacity,

also be understood that some aspects of this type of failure can be a/complex interaction

Ked stress distribution. Another phenomenon is the develogment of localised “white etchi

jal

of
te

areas” (lqcal work hardening) which ultimately develop into crackfnitiation and propagation. Clearly,

thereisc

is paramqgunt to the understanding of the subject.

nsiderable research required to isolate these types of effécts and the analysis of case histor

es

Vi
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Calculation of load capacity of spur and helical gears —

P
C

This document describes a procedure for the calculation of the tooth flank fracture load c
cylindrical spur and helical gears with external teeth.

It

The formulae specified are applicable for driving as well as for driven €ylindrical gears

to
Cco

was validated for case carburized[!3] gears and the formulae of this"document are only app

Ca

This document is not applicable for the assessment of types of gear tooth damage other than t¢
fracture.

2

The following documents are ceferred to in the text in such a way that some or all of the

CO|

unidated references, the latest edition of the referenced document (including any amendments

IS
IS

allowable values’of deviations relevant to flanks of gear teeth

IS

anld general influence factors

IS

art 4:
alculation of tooth flank fracture load capacity

Scope

s not intended to be used as a rating method in the design and certificationprocess of a ged

pth profiles are in accordance with the basic rack specified in ISO 53~They can also be used
hjugate to other racks where the actual transverse contact ratio islless than ¢, = 2,5. The

e carburized gears with specifications inside the following linlits:
Hertzian stress: 500 N/mm? < pj; < 3000 N/mm?;
Normal radius of relative curvature: 5 mm < p .4 <450 mm;

Case hardening depth at 550 HV in finished cexdition: 0,3 mm < CHD < 4,5 mm.

Normative references
hstitutes requirements of-this document. For dated references, only the edition cited ap

D 1122-1, Vocabulary-ef gear terms — Part 1: Definitions related to geometry

D 1328-1, Cylindrical gears — ISO system of flank tolerance classification — Part 1: Defin

D 6336-1;Calculation of load capacity of spur and helical gears — Part 1: Basic principles, int

hipacity of

rbox.

while the
for teeth
rocedure
licable to

oth flank

r content
plies. For

) applies.

tions and

roduction

D'6336-2, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface

durability

(pitting)

ISO 21771, Gears — Cylindrical involute gears and gear pairs — Concepts and geometry

3

3.

Terms, definitions, symbols and abbreviated terms

1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 1122-1, ISO 6336-1 and
ISO 6336-2 apply.
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ISO and IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at http://www.iso.or

— IEC Electropedia: available at https://www.electropedia.org/

3.2 Symbols and abbreviated terms

The symbols and abbreviated terms used in this document and their units are given in Table 2. The
conversions of the units are included in the given formulae.

Table 2 — Symbols, abbreviated terms and units

Symbol Description Unit
A Tolerance class which shall be according to ISO 1328-1 —
Apg,cplV) Local material exposure at considered contact point —
AFF nfax Maximum material exposure —
b Face width mm
b* Tooth width coordinate for contact point CP mm
by Half of the Hertzian contact width mm
by dp Half of the Hertzian contact width at contact point CP mm
c Aucxiliary constant mm
cq Material exposure calibration factor —
CHD Case hardening depth at 550 HV mm
P Considered local contact point CP (all parameéters with index CP are defined as o
local values)
d,j Tip diameter of pinion mm
d,; Tip diameter of wheel mm
dyq Base diameter of pinion mm
dy Base diameter of wheel mm
depl Diameter of pinion at the contact point CP mm
deph Diameter of wheel 4t the contact point CP mm
E, Modulus of elasticity of pinion N/mm?
E, Modulus of elasticity of wheel N/mm?
E. Reduced fmodulus of elasticity N/mm?
EAP End of gctive profile (for driving pinion: contact point E, for driving wheel: con- .
tactpoint A)
F, (Neminal) Transverse tangential load at reference cylinder per mesh N
ol Length of the path of contact mm
gei Parameter on the path of contact (distance of local contact point CP from point A) mm
HV Hardness HV
HV ;e Core hardness HV
HV rface Surface hardness HV
Ky Application factor —
Kiyq Transverse load factor —
Kyp Face load factor —
K haterial Material factor —
K, Dynamic factor —
K, Mesh load factor —
K per Hardness conversion factor —

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

Symbol Description Unit
Pdyn Hertzian contact stress including the load factors, K N/mm?
Pdyn,cp Local Hertzian contact stress at the contact point, CP N/mm?
Pet Transverse base pitch mm
Py Nominal Hertzian contact stress N/mm?2
rep Local contact radius mm
R, Tensile strength of the gear material (see [SO 6336-5) N/mm?2
SAP Start of act_ive profile (for driving pinion: contact point A, for driving wheel: o
contact point E)
SIH Shear stress intensity hypothesis —
s Chordgl tooth thickness in transverse sectioq at the diameter corresponding to mm
tB-D the middle between B and D on the line of action
Xput,cp Local buttressing factor —
Xcp Local load sharing factor —
y Material depth (all parameters depending on y or (y) are.defined as local values) mm
Yeore y-coordinate, where HV(y) = HV .. mm
YHVmax y-coordinate of the maximum hardness mm
Zg Elasticity factor (N/mm2)0.5
N7.¢¢1, rs,cp(V) |Influence of the residual stresses on the local equivalent stress N/mm?2
a, Transverse pressure angle °
Aot Working pressure angle °
By Base helix angle °
£y Transverse contact ratio —
& Overlap ratio —
Pi1,cp Local transverse radius'of curvature on the pinion mm
Pi2,cp Local transverse rddius of curvature on the wheel mm
Pred,cP Local normal radius of relative curvature mm
Pred,t,CP Local transyeyse radius of relative curvature at the contact point CP mm
ors(y) Tangential.component of the residual stress N/mm?
ORS,max Maximum residual stress N/mm?2
1Z] Porsson's ratio of the pinion —
vy Poisson's ratio of the wheel —
Togr cp(1D Local equivalent stress N/mm?
Tof 1. (V) Local equivalent stress without consideration of residual stresses N/mm?2
Terers(V) Quasi-stationary residual stress N/mm?2
Eercp() Local material shear strength N/mm?2

3.3 Definition of local contact point, CP, and material depth, y

The calculation of the tooth flank fracture load capacity is carried out for defined local contact points,
CP, in the area of the active tooth flank. Each local contact point, CP, is specified by the tooth width
coordinate, b* and the tooth height coordinate, rcp, (which is the local contact radius). For a specific
contact point, CP, the material depth y is orientated normal to the tooth flank surface in the material
and can be defined according to Figure 1. For calculation, a reasonable division of the contact area in

© IS0 2019 - All rights reserved 3
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order to define single calculation points shall be performed. Influences of tooth flank modifications on
the pressure distribution shall be appropriately considered.

NOTE
contact po

All parameters depending on y respectively (y) are defined as local values in the considered local

int, CP.

A-A

Key
1 aread

Figure 1

4 Defi

Tooth flank fracture is characterized by a primary. fatigue crack in the region of the active contact ar

initiated
flank fraq
on specia
Referencd
also knov|
as subsuf
failure ch|

— tooth
heigh

— prim
typic
— thep

o Vs
b* \

%
"

f active tooth flank

— Definition of local contact point, CP, and material depth, y, depending on tooth widf{
b* and contact radius, rgp

nition of tooth flank fracture

below the surface due to shear stresses caused by the flank contact. Failures due to tod
ture are reported from different. industrial gear applications and have also been observ
[ly designed test gears for gear running tests (images of tooth flank fractures can be found

[9]). Tooth flank fracture is most often observed on case carburized gears but failures 3
n for nitrided and induction-frardened gears. Tooth flank fracture is sometimes also referr]
face-initiated bending fatigue crack, sub-surface fatigue or tooth flank breakage. The m4
Qracteristics are:

fracture is due te_a crack located in the active flank area, often at approximately half t
t of the tooth;

h,

ba,
th
ed
in
re
ed
in

he

hry crack initiation is at a considerable depth below the surface of the loaded gear flank,

hlly at otbelow the case-core interface;

Fimary crack starter is often but not always associated with a small non-metallic inclusion;

— thep

inmary crack propagates fromt the initiat crackstarter i botirdirections — towards tie surt

of the loaded flank and into the core towards the opposite tooth root section;

— due to the high hardness in the case, the crack propagation towards the surface is smaller than
through the core;

— the angle between primary crack and flank surface is approximate 40° to 50°;

— due to the inner primary crack, secondary and subsequent cracks may occur which originate from
the surface;

— the crack propagation rate rapidly increases as soon as the primary crack has reached the surface
of the loaded gear flank;
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the final breakage of the tooth is due to forced rupture; typically developing according to local

bending stress;

the fractured surfaces show typical fatigue characteristics with a crack lens around the
point and a residual zone of forced rupture;

initiation

in many cases (but not all), no indications of surface related failures such as pitting or micropitting

are observed on the gear flanks.

Due to these character1st1cs the fa1lure type of tooth flank fracture can be clearly differentiated from

th
a

m
w

qu
10

5

5.

TH
to

each considered point of contact and over the material.depth. For the herein presented procg

o]
is
is

[19

application.

TH
is
ca

an(d in each considered matérjal depth, y (Method A). If there is no detailed information about

Hd
an

for
coEtact area. Influences of tooth flank modifications on the pressure distribution shall be appr

CO|

.2 Maximum material exposure, Agg ...

d also from classical pitting damage that is initiated at or close to the flank surface and chay]

shell-shaped material breakouts from the loaded flank surface. Furthermore, tooth-flank
y occur at loads below the rated allowable loads for pitting and bending strength as'well ag
ich have completely fulfilled all the requirements regarding gear material, heat tréatment
ality according to existing standards. Failures due to tooth flank fracture occuritypically in
7 load cycles pointing out the fatigue character of this failure type.

Basic formulae

1 General

e calculation method for tooth flank fracture load capacity is based on a local comparis
Fal occurring stresses (load induced stresses and residdal stresses) and the material str

curring stresses are expressed by the local equiyalent stress, 7o cp(y), and the material
described by the local material shear strength, ;.. cp(¥). The calculation of 7 ¢ ¢p(y) and| 7,
performed with help of an approximate calculat1on approach in closed form. This appq]
merically matched with sophisticated caloulation methods based on the SIH (see R
D],[12],[13] and [16]) and was verified by eXperimental investigations and experiences from

e quotient of the local equivalent:stress, Togcp(y), and the local material shear strength, |t
expressed as a local material exposure, Agg cp(y)- The local material exposure, Aggcp(y),
Iculated for discrete contact\points, CP, in the contact area along the tooth width and toc

rtzian contact stress cal¢ulated with a 3D load distribution program, the Hertzian cont
d the resulting matetial exposure can also be determined with the formulae according to
some specified peints of contact which shall be chosen based upon a reasonable distribut

sidered.

root area
acterized
¢ fracture
on gears,
and gear
excess of

on of the
ength for
dure, the
strength
perCP(.y)
oach was
eferences
ndustrial

per, CP(.YJ
should be

th height
the local
Act stress
Method B
ion of the
opriately

F is the maximum calculated local materlal exposure AFF CP(y) for all analysed contact |

App, max =Max [AFF,CP (v )]

with

y2by cp

where
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Appmax 1S the maximum material exposure;

Apg,cp(y) is the local material exposure in the material depth, y, for the contact point, CP;

bH,CP

by cp

where

is half of the Hertzian contact width at the contact point, CP.

Pdyn,cp

24'pred,CP ’ E

r

(3)

pdyn,(

pred,C
E

r

It has be{
material

Currently

The specific influences of load factors (application factor, dynamic factofpload distribution factor), a

material }

5.3 Lo¢

In good a
Appcp(y),
between
exposure

As tooth
area, init
width, by
For calcu
potential
material

p isthelocal Hertzian contact stress at the contact point CP;
b is the local normal radius of relative curvature at the contact point CP;
is the reduced modulus of elasticity.

n observed from experimental investigations on case carburized gearsf®] that a maximu

there is no experience to give an allowable material exposure.for practical applicatio

broperties are not known.

ral material exposure, AFECPO’)

ccordance to sophisticated calculation methods baséd on the SIH, the local material exposu
can be calculated according to Formulae (4) and (5). Based on an extensive comparis
the herein shown calculation method and spphisticated calculation methods, the mater
calibration factor, c¢;, was determined for-case carburized steels[13].

Flank fracture is characterized by a-primary fatigue crack in the region of the active contz:
ated below the surface, only matetial depths deeper than half of the local Hertzian contz:
cp -shall be considered herein fop evaluating the maximum local material exposure, Agg |
ated near-surface (i.e. y < by) maximum local material exposures it can be assumed tha
damage would also start near the surface (e.g. pitting). In this case, further influences on t
pxposure, for example theinfluence of surface roughness, lubricant and lubricating conditi

exposure Agg .y 2 0,8 can lead to tooth flank fractures in the case ofaconstant input torque.

m

a¥

ns.
nd

re,
on
ial

ict
ict
ax"
[ a
he
on

should bg considered (see alsg1SO 6336-2). These influences are not covered in the herein described
approach|for the failure modejtooth flank fracture with crack initiation in a considerable depth bel¢pw
the surfage.
T
App ch (¥)= eitiep (V) tey 4)
Tper,CP y)
y=2 b}|{ 5)
where
Cp is the considered contact point;
y is the local material depth in the contact point, CP;
Aggcp(V) is the local material exposure in the material depth, y, for the contact point, CP;
Tesrcp(V) is the local equivalent stress in the material depth, y, for the contact point, CP;
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Tper,cp(V) is the local material shear strength in the material depth, y, for the contact point, CP;
cq is the material exposure calibration factor;
c;=0,04 for case carburized steels.

Local occurring equivalent stress, Togcp(V)

6.1 __General

THe local occurring equivalent stress, Tecp(V), can be calculated according to Formiulal (6). It is
calculated for specific contact points, CP, on the tooth flank and discrete values of y. Basically the local
equivalent stress without consideration of residual stresses, T ¢ cp(V), is calculatetkand modified by
the influence of the residual stresses, At ¢ rg cp(V), and the quasi-stationary residual stress, [Fogrs(V)-

Teit cp (V) =Tetr L.cp (V) = ATeit Lrs cp (V)= Tett rs (V) 6)
where

Tetr L, cp(V) is the local equivalent stress without consider@tion of residual stresses;

ATygey, rs,cp(V) is the influence of the residual stressesonthe local equivalent stress;

Tefr,rs (V) is the quasi-stationary residual stressin the material depth, y.
NOTE If Tog cp IS negative, T g cp is set to zero.
THe local equivalent stress may also be calculated by alternative calculation methods based gn the SIH

psults are

oach that

methods

(7)

(s¢e References [10] and [12]) upon agreement between the supplier and the customer if the r
inlline with the herein presented calculatioh approach.
6.2 Local equivalent stress without consideration of residual stresses, 7 ¢ cp(V)
6.2.1 General
THe calculation of the lecat’equivalent stress without consideration of residual stresses, Tegf cp()), in
the material depth, y;-can be performed according to Formula (7) and is a calculation appr
is pased on Foppll&L This approach was numerically matched with sophisticated calculation
based on the SIHI3l The influence of residual stresses is not included in this formula.
V-E, y2 -E.
0,149 pgyn cp + -
"Pred,cp ) /( Pvn cp T ( y 2
. . yn,
16 pred,CP \V\ F‘r 7 +\A'prequ'}
Tegr,Lcp (V)= y-E
0,4 r +1,54
4-Pred,cP " Pdyn,cP
where
E. is the reduced modulus of elasticity;

Predcp IS thelocal normal radius of relative curvature at the contact point, CP;

Payn,cp 1s the local Hertzian contact stress at the contact point, CP.
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NOTE Formula (7) can also be written in an alternative way, referenced on half of the Hertzian contact
width, by, see Annex A.

6.2.2 Local normal radius of relative curvature, p 4 cp

The local normal radius of relative curvature, p..4 cp, can be calculated according to Formula (8).

pred,t,CP
Pred,cp = (8)
cos BB,

where

Predticp 1S thelocal transverse radius of relative curvature at the contact point CP;
By is the base helix angle.

The localtransverse radius of relative curvature p,.4  cp can be determined according@to Formula (9).

_ Pricp - Pr2,cp 9
pred,t ,CP )

Pt1,cp T Pr2cp

/dz —d?

Pea,dp = %bl (10)
/d2 —d?

Pt2,ap = %bz (11

where

Picpl is the transverse radius of curvature on the pinion at the contact point, CP;
PeacH 1S the transverse radius of curvature on the wheel at the contact point, CP;
dcpq is the diameter of pinigmat the contact point, CP;

dypq is the base diameter, of the pinion;

dcpy | is the diameter-of wheel at the contact point, CP;

dy, is the base/diameter of the wheel.
6.2.3 educed-modulus of elasticity, E.
For mating_gears of different material and modulus of elasticity, E; and E,, the reduced modulus|of
elasticity, £, i . i ' —ft7=F,
Formula (13) may be used.
Ey= (12)
1 —Vq 1 )
Eq E;
E
EI'= > fOI‘E1=E2=E and Vl :VZ =V (13)
1-v
where
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is the reduced modulus of elasticity;
E; isthe modulus of elasticity of pinion;
E, isthe modulus of elasticity of wheel;
v, isthe Poisson's ratio of the pinion;

v, isthe Poisson's ratio of the wheel.

2.4  Local Hertzian contact stress, py,, cp

.2.4.1 Method A

this method, the local nominal Hertzian contact stress, py; cp 4 in each considered contact

htic displacements and the stiffness of the whole elastic system.

Pdyn,cp,a =PHcp,A VKA Ky

where

W
or

By
se
dr]

Pucpa isthelocal nominal Hertzian contact stress, ¢alculated with a 3D load distribution
Ky is the application factor (according to 1S0’6336-1);

K is the dynamic factor (according to 1SO 6336-1).

\'4

K, or both should be set to 1,0 in Formula (14).

.2.4.2 Method B

.2.4.2.1 General

ive trains with rhultiple transmission paths or planetary gear systems is not quite evenly d

point, CP,

er face width and height is determined by means of a detailed contact analysis, for example based
a full 3D elastic contact model. This method depends on, e.g. the elastic.déflections undey load, the

(14)

program;

here either K, or K, influences are already considered in the 3D elastic mesh contact modell either K

this method, the lo¢al Hertzian contact stress, py,, cpp, is calculated according to Formula (15) for
veral defined contdetpoints. A detailed contact analysis is not performed. The total load in the case of

stributed

over the individital meshes. This shall be taken into consideration by inserting a mesh load factor K, to
follow K, in Fetmula (15), to adjust the average load per mesh as necessary.

Pgycp,B :pH,CP,B'\/KA'Ky'KV'KHa ‘Kyp (15)
witere

Pucpp is the local nominal Hertzian contact stress;

Ky is the application factor (according to ISO 6336-1);

K, is the mesh load factor (according to ISO 6336-1);

K, is the dynamic factor (according to ISO 6336-1);

Ky,  isthetransverse load factor (according to ISO 6336-1);

Kyp is the face load factor (according to ISO 6336-1).
© IS0 2019 - All rights reserved 9


https://standardsiso.com/api/?name=56b1eaabd8036ef9bedbf3837ed75c92

ISO/TS 6336-4:2019(E)

NOTE
according

6.2.4.2.2

Local Hertzian contact stress for gears with a transverse contact ratio €, > 2 can only be calculat
to Method A.

Local nominal Hertzian contact stress, py; c.pg

ed

The local nominal Hertzian contact stress, py cpp, is used to determine the local Hertzian contact stress,
Pdayn,cpp (see 6.2.4.2.1). To take the influence of different profile modifications into account, the load
sharing factor, Xcp, is introduced. For the calculation of the local nominal Hertzian contact stress, the
local nominal radius of relative curvature is used.

Pu,cp

where

6.2.4.2.3

The contgct point, CP, is located between the SAP (start point of active profile; for driving pinion: cont3
point A, fpr driving wheel: contact point E) and EAP (end of active profile; for driving pinion: contd

point E, fi

actual contact point between-pinion and wheel in a certain meshing position g¢p.

Accordin
CP=

A

AB

B

C

D

10

B=ZE'\/ Fi - Xcp 0
b-pred,cp-cosay
E
o y
is the elasticity factor (according to ISO 6336-2);
is the transverse tangential load at reference cylinder;
is the load sharing factor (see 6.2.4.2.4.1);
is the face width;
cp is the local normal radius of relative curvaturé\(see 6.2.2);

is the transverse pressure angle;

is the reduced modulus of elasticity(see 6.2.3).

Definition of contact point, CP,on the path of contact

r driving wheel: contactpoint A) on the path of contact according to Figure 2. It describes

b to 6.2.4.2.1, Method B, the calculation may be done for the following contact points, CP:

6)

7)

\ct
ict
he

gcp =9 =0 mm the lower end point on the path of contact (18)

dcp =9aB =(9o —Pet ) /2 the midway point between A and B 19)

gcp =98 =94 —Det the lower point of single pair tooth contact (20)
d dy1® dp”

dep =9c =%-tano¢wt - a41 Sl } N +9, the pitch point (21)

gcp =9p =Pet the upper point of single pair tooth contact (22)

© ISO 2019 - All rights reserved
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9o —Pet

DE  gcp=9pE = >

+Det the midway point beetween D and E (23)

E gep =9 =Yg the upper end point on the path of contact (24)

Jcp is the parameter on the path of contact (see Figure 2);

g, isthelength of path of contact (see Figure 2);
Dot s the transverse base pitch (see Figure 2);
dy; isthe base diameter of pinion (see Figure 2);
wt 1S the working pressure angle (see Figure 2);

d,, isthe tip diameter of pinion (see Figure 2).

© IS0 2019 - All rights reserved 11
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0,

Figure 2 — Definition of contact point, CP, on the line of action

The CP-circle diameter of pinion, d¢p4, and wheel, dcp,, are dependent on the location of the contact
point, CP, on the path of contact and can be calculated according to Formula (25) and Formula (26).

2

2 2 2
depy =2- dpr” | [da1” _dm

-qg, + 25
4 4 2 Jatgep (25)
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6.

d,, isthe tip diameter of wheel (see Figure 2);

dy, isthe base diameter of wheel (see Figure 2).

2019(E)

(26)

.2.4.2.4 Localload sharing factor, X,

.2.4.2.4.1 General

e local load sharing factor, X;p, accounts for the load sharing of succeeding pairsof meshing 1
fal load sharing factor is presented as a function of the linear parameter, g.p-0n the path of
e also 6.2.4.2.2).

le to manufacturing inaccuracies a preceding pair of meshing t€eth may cause an instg
‘rease or decrease of the theoretical load sharing factor, independent of the instantaneous
decrease caused by inaccuracies of a succeeding pair of meshingteeth at a later time. The vz
es not exceed 1,0 (for cylindrical gears), which means full transverse single tooth contact. T
transverse single tooth contact may be extended by an irtegularly varying location of a dyn

bdification. In case of buttressing of helical teeth (rio profile modification) the load sharin

combined with a buttressing factor, X, cpl°l.

p.4.2.4.2 Spur gears with unmodified profiles

The local load sharing factor for a spurgear with unmodified profile is conventionally suppos¢

eeth. The
contactlel

ntaneous

increase
lue of Xcp
he region
hmic load.

e local load sharing factor, X;p, depends on the ‘type of gear transmission and on the profile

v factor is

bd to have
s, in each
Crease for

a dliscontinuous trapezoidal shape; see’Figure 3. However, due to manufacturing inaccuracig
path of double contact the local load’sharing factor will increase for protruding flanks and de
other flanks. The representative load sharing factor is an envelope of possible curves; see Figiire 4.
1
2/3
/ | | A<7
| |
| |
13 : :
| |
| |
| | | |
A AB B D DE E

Figure 3 — Local load sharing factor for cylindrical spur gears with unmodified profiles and

tolerance class A< 7
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|
|
|
|
|
|
|
!
D it nl hm)
D DL L

Figure4 — Local load sharing factor for cylindrical spur gears with unmodified profiles’and
tolerance class8<4<11

chﬁJrl'g£ forgs <gcp <9p (47)
12 3 gp
Xcp 51,0 forgg <gcp <9p (38)
Xcp 7 4-3,1 9" 0cr forgp <gcp <9g (29)
12 3 g4-9p
where

A= 7 for tolerance class < 7 according to ISO 1328:1;

A = folerance class for class = 8 according to ISQ*1328-1.

6.2.4.2.4.3 Spur gears with profile modification

a) Local load sharing factor for cylindrieal spur gears with adequate profile modification on pinipn
and wheel

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 5 — Local load sharing factor for cylindrical spur gears with adequate profile
modification
X oo = dcp f < < 30
cP=—"— Or ga <gcp <YJg (30)
9B
Xcp=1,0 for gg <gcp <9p (31)
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(32)

b) Local load sharing factor for cylindrical spur gears with adequate profile modification on the

addendum of the wheel and/or the dedendum of pinion

1

2/3

172

1/3

|
|
|
|
|
|
A AB B

I
I
|
I
|
|
|
|
|
|
|
D

DE E

Figure 6 — Local load sharing factor for cylindrical spur gears with adequate pro
modification on the addendum of the wheel and/or the dedendum of pinion

file

g
Xep == for gpo<gcp <9aB (33)
9B
1 19
Xep=5+7-=% for g, <9gcp <9s (34)
3 3 gp
Xcp=1,0 for gg <gcp<Yp (35)
9o —9
Xep =22—CF forgp <gcp <9gpE (36)
9o —9D
1 194-9
D for gpg <gcp <9k (37)
3 3 94—9n
c)| Local 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
|
I 2/3
| N
| ! ! i
v |
| : I |
| | | |
A AB B D DE E
Figure 7 — Local load sharing factor for cylindrical spur gears with adequate profile
modification on the addendum of the pinion and/or the dedendum of the wheel
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Xcp _1,1 9cr for gp <gcp < 9B %)
3 3 gp
g

ch=f forgag <gcp <9s (39)

B

Xcp=1,0 for gg <gcp =9p o)

XCP:1+1'M for [%0)) <gCPSgDE (41)
3 3 94-9p
Joa—9

Xep e —dcP for gpg <gcp <9k ()
Ja —9D

6.2.4.2.44 Local buttressing factor, X, cp

Helical gdars may have a buttressing effect near the end points A and E of thepath of contact, due to the
oblique contact lines. This applies to cylindrical helical gears with no profile'modification.

The local|buttressing is expressed by means of a factor X, cp; see Figure 8, marked by the following

X but,A

Xbut,E

Figure 8% Local buttressing factor, X, cp

values.
9au 194 =98 ~9Ip0FCxypye cp S0 B (43)
with
ga =1) nm
IJE =Yg
Xbut,A :Xbut,E =1,3 ifeﬁ >1,0 (44)
Xput, o =Xpur g =1+0,3-€5 ifeg <1,0 (45)
Xput,aU = Xput,gu =1,0 (46)

16
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Icp
Xput,cP =Xbut,A ~ sin B (Xbut 4 —1) for g5 <gcp <9au
Xput,cp b

Xput,cp =1,0 forgay <gcp <9ru

9o —Ycp

“sin B '(Xbut,E —1) for ggy <gcp <9k
Xbut,CP b

Xbut,cP =Xbut,E ~

where
&g is the overlap ratio;
is 0,2 mm.
Xbut,cP

Hd
to

pl

TH

to
pl

6.2.4.2.4.5 Helical gears with ¢; < 0,8 and unmodified profiles

lical gears with a transverse contact ratio £, > 1 and overlap ratio g;'<-0,8, have poor single
bth pairs. Hence, they can be treated similar to spur gears, considerinig the geometry in the t
hine, as well as the buttressing effect. See Figure 9.

I
I
I
I
I
I
|
D

Figure 9 — Local load sharing factor for cylindrical helical gears with £; < 0,8 and unm

profiles, including the buttressing effect

e local load sharing-factor is obtained by multiplying the Xp in 6.2.4.2.4.2 with the buttress
Lt cp in 6.2.4.2.4.4

.£.4.2.4.6 Helical gears with ¢; < 0,8 and profile modification

Hglical gears'with a transverse contact ratio £, > 1 and overlap ratio £; < 0,8, have poor single

bth pairs. Hence, they can be treated similar to spur gears, considering the geometry in the t

(47)

(48)

(49)

rontact of
ransverse

jodified

ng factor,

rontact of
fansverse

e, See Figure 10, Figure 11 and Figure 12.

©
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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

Figure
prof

Figure
prof

The local

10 — Local load sharing factor for cylindrical helical gears with ¢; < 0,8 and adequate
profile modification

|
|
|
|
|
|
|
|
|
|
|
D

11 — Local load sharing factor for cylindrical hielical gears with ¢, < 0,8 and adequate
ile modification on the addendum of the wheel and/or the dedentfum of the pinion

I
I
I
I
I
I
|
D

12 — Localload sharing factor for cylindrical helical gears with £, < 0,8 and adequate
ile modification on the addendum of the pinion and/or the dedendum of the wheel

load'sharing factor is obtained by multiplying the X.p in 6.2.4.2.4.3 with the buttressing fact

Kpu,cp I

6.2.4.2.4.

62042 44

7 Helical gears with ¢; > 1,2 and unmodified profiles

The buttressing effect for helical gears with £, > 1 and g5 > 1,2 is assumed to occur near points A and
E along the line of contact and with a length of 0,2 mm - sin f8;; see Figure 13. See also 6.2.4.2.4.4 and

Figure 8.

18
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profiles

Figure 13 — Local load sharing factor for cylindrical helical gears with ¢; > 1,2 and wnmodified

The local load sharing factor is obtained by multiplying the value 1/¢,, represénting the mean load,

with the buttressing factor, X, cp-

1
Xcp =— Xput,cp
ga

where ¢, is the transverse contact ratio.

6.2.4.2.4.8 Helical gears with &5 > 1,2 and profile modification

(50)

Tip relief on the pinion (respectively wheel) reduces<X{p in the range DE-E (respectively A-AB) and
ingreases X;p in the range AB-DE, see Figure 14, Figiite 15 and Figure 16. The extensions of tip relief at

bath ends A-AB and DE-E of the path of contact are.assumed to be equal and to result in a cortact ratio

«|= 1 for unloaded gears; see Figure 14.

on pinion and wheel

Localload sharing factor for cylindrical helical gears with €2 1,2 and adequate profile mogification

A AB

B D DE

profile modification

E

Figure 14 — Local load sharing factor for cylindrical helical gears with &5 > 1,2 and adequate

-1
chz{i+ (ga ) }-5;1;

© IS0 2019 - All rights reserved

forga <gcp<9gas

for gag <9gcp <9pk

forgpg <gcp < 9g

(51)

(52)

(53)
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b) Localload sharing factor for cylindrical helical gears with €52 1,2 and adequate profile modification

on the addendum of the wheel and/or the dedendum of the pinion

[
A

Figure|15 — Local load sharing factor for cylindrical helical gears with ¢, > 1,2 and . adequatéd
profile modification on the addendum of the wheel and/or the dedendum of the pinion

1 (eq —1) 9cp
Xep | —+ : forgp <gcp <9gap
[80{ 2:€4 (€4 +1) | 9aB
e, —1
XCPZL"'(OC—) for g g <gcp <9ru

€y 2:€4-(€4+1)

1 e, -1
[_+(a—)):|'xbut,CP for ggy <dgep < 9g

Xep =
Cllen 284 (eq+1

(34)

(35)

(36)

c) Localload sharing factor for cylindrical helical geans with €, 2 1,2 and adequate profile modificatipn

on the addendum of the pinion and/or the dedendum of the wheel

Figure|16 — Local load sharing factor for cylindrical helical gears with ;> 1,2 and adequate¢
profile modification on the addendum of the pinion and/or the dedendum of the wheel

r e, —1

Xcp = i"’—( « 1) “Xbut,cP forgy <gcp <9gau
€y 2:€4-(g4+1)
1 (Sa_l)

Xep=—-+ forgay <gcp <9pE
o 2:€4-(€4+1)
1 (e —1) 9o —9cp

Xep=|—+ : for gpg <gcp <9g
LO‘ 2:€4 (€4 +1) | 9o —9pE
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6.2.4.2.4.9 Helical gears with 0,8 < gg< 1,2

Due to the fact that gears are not infinitely stiff, the overlap ratio changes depending on the load. To take
this into account, for helical gears with calculated overlap ratios 0,8 < £, < 1,2, an interpolation between
the local load sharing factor Xcp(ep = 0,8) (see 6.2.4.2.4.5 for unmodified profiles respectively and
6.2.4.2.4.6 for modified profiles) and Xqp(e5 = 1,2) (see 6.2.4.2.4.7 for unmodified profiles respectively
and 6.2.4.2.4.8 for modified profiles) shall be performed. For helical gears with 0,8 < £ < 1,2, Xcp is

ca

6.

6.

TH
in
st
st

by existing measuring methods and are therefore not included in_the calculation approach. 1

Iculated as follows:
o N oy L2-ep _ .\ €508
Acpkbﬂ)—Acp\tﬁ— ,O)'Tﬂ'Acp\tﬁ—l,L)'T

B Quasi-stationary residual stress, T ps())

8.1 General

0 account compressive residual stresses in the carburized layer. By -assumption the tensil

‘esses in the core region may increase the risk of tooth flank fracture but are hardly dete

(60)

e calculation of tooth flank fracture load capacity according to the herein defined procedure takes

b residual

‘esses in the core for typical tooth profiles are small and are therefore neglected. Higher tensile

rminable
he quasi-

stationary assumed residual stress, T ¢ rs(), can be calculated according to Formula (61)[15]. For this
calculation, it is assumed that residual stress components{angential and axial to the tooth flank have
similar values and components normal to the flank can hewneglected[Zl,
2

Tegrrs (V)= 1c '|0Rs (}’)| (61)
with

ors (¥)<0 (62)
where opg(y) is the tangential component of the residual stress at the material depth, y (residual stress
depth profile).
6.8.2 Method A
By this method,-aZmeasured residual stress depth profile, ogg(y), (for example residual stresses
measured withthe X-ray diffractometer according to ISO/TS 21432), representative for the|analysed
topth flank condition, is used.
6.8.3 , \Method B
Method B describes a procedure according to Reference [11] to calculate the residual stress depth

profile, ors(y), based on the hardness depth profile HV(y) (according to 7.4). These specified formulae
are only applicable for case carburized steels and correlate to measurement results on test gearsl12l,

© IS0 2019 - All rights reserved
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For [HV(y) - HV,,..] < 300

ors (¥)==1,25-[ HV (y)=HV¢ope | (63)
For [HV(y) - HV,,..] > 300

s (¥)=0,285 7-[ HV (y)—HV 4y, |—460 (64)
where

HV is the core hardness;

corg

HV(y) isthelocal hardness at the material depth, y (hardness depth profile).
NOTE 1 [Other analytical methods are applicable upon agreement between the supplier and the customer.

NOTE 2 |[The calculated value of the residual stress is dependent upon the hardneSs depth profile. Tihe
accuracy df the hardness depth profile depends upon the calculation method chosen-te evaluate it. Therefor¢ it
is importajnt, that the most accurate method (see 7.4) is selected. Method B is based sn hardness measurements
and Methqdd C calculates hardness depth profiles based on design specifications,

6.4 Influence of the residual stresses on the local equivalent stress, A7 ¢ ps cp(V)

The residpal stresses may influence the (total) local equivalent stréess in a significant way. This is takien
into accoyint by At g pg cp(V), which can be calculated accord@ing to Formula (65). The influence of the
residual gtresses on the local equivalent stress, At psef{y), depends on the residual stress degth
profile, ogs(y), as well as the local Hertzian stress, pyy, cp'at the considered contact point, CP. With help
of the adjustment factors K; and K, it is possible to ‘describe the influence of the residual stresses pn
the local equivalent stress, At g cp(V), in a closedform. The following described adjustment factgrs
K are der{ved from calculations with sophisticated calculation methods[1l[15], Concerning the residial
stresses, the same assumptions as in 6.3 shalkbe made.

|0Rs (J’)|

.32etanh(9- y11) -k 45
= (97 )k, (45)

AT gl rs.cp (V) =K1 -

where K, {K, are adjustment factors according to Reference [15],

with

B 4,58
Kl - 1_KPH,O'RS,max ).tanh(KCHD B )+KpH'GRS'maX (66)

-

K,= —tanh[ (PredCP 10)] }

Pdyn,cp

-2 —-200
67
CHD2 O-RS,maX ( ] O-RS,max ( )
Ay -tanh +
16 10 100 10
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