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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
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Introduction

IS0 6336-6:2019(E)

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.

Technical 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

The [procedures described in parts 20 to 29 of the ISO 6336 series are predomifiantly re
dlogical behavior of the lubricated flank surface contact. Parts 30 to 39 (of the ISO
de example calculations. The ISO 6336 series allows the addition of new-parts under
nurr]]bers to reflect knowledge gained in the future.

trib

incly

Req

part|
Tabl|
serig
need

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

Table 1 — Parts of the ISO 6336 series (STATUS AS OF DATE OF PUBLICATION)

gear rating.
ated to the
6336 series
hppropriate

to specific

Calqulation of load capacity of spur and helical gears

International
Standard

Technical
Specifica-
tion

Technical
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

Par{ 5: Strength and quality of materials

Pard 6: Calculation of servicg life under variable load

and

(rep

Part 20: Calculation of scuffing load capacity (also applicable to bevel

hypoid gears) — klash temperature method
aces: 1ISO/TR 13989-1)

and

(rep

Part 21: Calculation of scuffing load capacity (also applicable to bevel

hypoid gears) — Integral temperature method
acés:ISO/TR 13989-2)

Par

227 Calculation of micronitting load capacity
J r J r 4

(replaces: ISO/TR 15144-1)

Part 30: Calculation examples for the application of ISO 6336-1, 2, 3, 5

Part 31: Calculation examples of micropitting load capacity
(replaces: ISO/TR 15144-2)
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INTERNATIONAL STANDARD ISO 6336-

6:2019(E)

Calculation of load capacity of spur and helical gears —

Part 6:
Calculation of service life under variable load

1 pcope
This|document specifies the information and standardized conditions necessary for.the cdlculation of
the gervice life (or safety factors for a required life) of gears subject to variable loading for ponly pitting
and footh root bending strength.
If this scope does not apply, refer ISO 6336-1:2019, Clause 4.
2 Normative references
The [following documents are referred to in the text in such a‘way that some or all of their content
condtitutes requirements of this document. For dated references, only the edition cited ppplies. For
undgted references, the latest edition of the referenced document (including any amendments) applies.
[SO 1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry
ISO $336-1, Calculation of load capacity of spur and helical gears —Part 1: Basic principles, introduction
and gjeneral influence factors
ISO §336-2, Calculation of load capacity of sptupand helical gears — Part 2: Calculation of surfage durability
(pitting)
ISO $336-3, Calculation of load capactity of spur and helical gears — Part 3: Calculation of tooth bending
strenpgth
3 [erms, definitions, symbols and abbreviated terms
3.1 | Terms and definitions
For the purposes‘of this document, the terms and definitions given in ISO 6336-1 and ISO 1122-1:1998
apply.
[SO anddEC maintain terminological databases for use in standardization at the following addresses:
— SO Onlinabrawcing nlatforia. a3l abhla o bt //aazuaruazico ovg /ol

R
— IEC Electropedia: available at http://www.electropedia.org/
3.2 Symbols and abbreviated terms

For the purposes of this document, the symbols and abbreviated terms given in ISO 6336-1,
[SO 1122-1:1998 and Table 2 apply.

© IS0 2019 - All rights reserved
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Table 2 — Symbols and abbreviated terms used in this document

Abbreviated terms

Term Description
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-designrationfor-blackmalleablecastiren{perlitiestructure}

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

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

\Y material designation for through-hardened wrought special steel, alloy or carboyr’(og = 800 N/nmjm?)

Symbols
Symbol Description Unit

a ceptre distance? mm
b fage width mm
d diameter (without subscript, reference diameter?) mm
d, |tif diameterd mm
F force or load N
F, (npminal) transverse tangential load at reference cylinder per mesh N
K cohstant, factors concerning tooth load —

Ky application factor (Annex A shall apply for pitting and tooth root bending) —

trgnsverse load factor (bending) —

Kpz  |fage load factor (bending) —

transverse load factor (contact stress) —

fage load factor (contact stress) —

m¢sh load factor —

dyjnamic factor —

normal module mm

number of load cyclées —

number of load(cycles to failure for bin i —

number oflead cycles of S-N curve —

Ny |number of load cycles for bending damage —

a For extetnal’gears g, d, d . z,_and z, are positive; for internal gearing, a, d. d _and z, have a negative sign, z, ltas a
positive sign. All calculated diameters have a negative sign for internal gearing.

2 © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=1aa4db00eccec8e93e6a9426179eaede

IS0 6336-6:2019(E)

Table 2 (continued)

Symbols
Symbol Description Unit
Ny |number ofload cycles for pitting damage —
Ni,.ef |number of load cycles for endurance limit —
np; |number of load cycles for the equivalent damage fatigue curve (Annex B) —
" number of load cycles for the equivalent damage fatigue curve (reference) .
D.REF | (Annex B)
Neers equivalent number ofload cycles (Annex R) —
Neq brer |€quivalent number of load cycles (reference) (Annex B) —
; number of load cycles for bin i —
nj;  |number of load cycles for contact stress for bin i —
ng;  |number of load cycles for tooth root stress for bin i —
nyém; |number of load cycles for nominal stress in bin i (Annex B) —
b slope of the S-N curve —
b safety factor —
Y  |safety factor for bending —
Sy |safety factor for pitting —
i torque (pinion torque unless specified otherwise) N-m
T, equivalent torque N-m
T torque for bin i N-m
T, |nominal torque N-m
J sum of individual damage parts —
U, |individual damage parts for bin i —
q gearratio (|z, / z4|) 2 12 —
b ¢ profile shift coefficient —
4 factor related to tooth root bending —
Yz |rim thickness factor —
Yir |deep tooth factor —
1 tooth form fact.or, for .the infh.lence on nominal tooth root stress with load applied .
F at the outer point of single pair tooth contact
YL [|life factorfortooth root stress for reference test conditions —
Y. rgl:?tive surface factor, the quotient of the gear tooth root surface factor of interest .
RYelT | divided by the tooth root surface factor of the reference test gear, Y ;o1 7 = Yr/Yar
stiress correction factor, for the conversion of the nominal tooth root stress, deter-
Xs mined for application of load at the outer point of single pair tooth contact, to the —
local tooth root stress

3 For external gears q, d, d,, z; and z, are positive; for internal gearing, a, d, d, and z, have a negative sign, z; has a

positive sign. All calculated diameters have a negative sign for internal gearing.

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

Symbols

Symbol Description Unit

stress correction factor, relevant to the dimensions of the standard reference
test gears

Yp helix angle factor (tooth root) —

y relative notch sensitivity factor, the quotient of the gear notch sensitivity factor of
érelT linterest divided by the standard reference test gear factor, Y .o;1 = Ys/Ysp

Z factor related to contact stress —

Zy, Zyy sirlgle pair tooth contact factors for the pinion, for the wheel -

Zg  |el3sticity factor (NA@S 5
Zy zone factor G\ ,l/—
Z,  |lubricant factor o —
Zy  |lifg factor for contact stress (.:b“) —
Zyt  |life factor for contact stress for reference test conditions OV —
Zy ropghness factor affecting surface durability i \%v —
Z, |ve]ocity factor o) —
Zy  |work hardening factor (« —
Zy sige factor (pitting) N Qv —
Zg helix angle factor (pitting) &0\.\ —

N

Z, coptact ratio factor (pitting) %) —

z nuymber of teeth? k\Q‘ —
z, |viftual number of teeth of a helical gear + —

a pressure angle (without subscript, at referer;qg@finder) °

B helix angle (without subscript, at referenc@Tnder) °

o ngrmal stress ,.:\\b‘ N/mm?
op stress value used to describe the gunlent damage fatigue curve (Annex B) N/mm?
o |topthrootstress r'\%\ N/mm?
Opc  |topthroot stress limit (')\} N/mm?
op;  |topthroot stress for bigo : N/mm?2
opp |Permissible bendingé}cve)ss N/mm?

Oplim |Ndminal stress 1}1@)’6:/1‘ (bending) N/mm?

0o;  |stressvalue uq&fﬁ) describe the permissible S-N curve N/mm?
oy |coptact s‘ﬁ@‘ N/mm?2
oye  |pif tin){&%ss limit N/mm?
oy; |co nG;gt\stress for bin i N/mm?2

2 For external gears q, d, d,, z; and z, are positive; for internal gearing, g, d, d, and z, have a negative sign, z; has a
positive sign. All calculated diameters have a negative sign for internal gearing.
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Symbols
Symbol Description Unit
oyp |permissible contact stress N/mm?
Op stress value used to describe the S-N curve (Annex B) N/mm?
orgr |reference permissible stress level N/mm?
o; |stress forbini N/mm?2
Oyom,; |nominal stress for bin i (Annex B) N/mm?2
a Forexterat BTars o, u', “,a' Z1 Gistey Z, dIt puaiLivc, forimtermat Bedar iug, T, u', da Gistey 2 trave = ucgaLivc >ign, Zq has a
posifive sign. All calculated diameters have a negative sign for internal gearing.
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General

Determination of load and stress spectra

hble loads resulting from a working process, starting process or frémoperation at or ng
d will cause varying stresses at the gear teeth of a drive systemi. The magnitude and f

erties of the system.
e variable loads (stresses) may be determined by such-procedures as

experimental measurement of the operating loads@t the machine in question,

alculation, using known external excitation and a mass elastic simulation of the dy
preferably followed by experimental testing to validate the calculation.

btain the load spectra for fatigue.damage calculation, the range of the measured (or
5 is divided into bins or classes."Each bin contains the number of load occurrences req
range. A widely-used number of bins is 64. These bins can be of an equal size, but

br to use larger bin sizes at'the lower loads and smaller bin sizes at the upper loads in t
way, the most damaginig loads may be limited to fewer calculated stress cycles and t}
b1 is more accurate regarding the effective load. It is recommended that a zero-load bin
at the total time uséd to rate the gears matches the design operating life. For consistend
entation methodds to have the highest torque associated with the lowest numbered bir

the most damaging'eonditions appear towards the top of any table.

The
incr
Tabl

cycle count for the load class corresponding to the load value for the highest load
ementéd at every load repetition. Table 3 shows as an example of how the torque classe|
P 4-6ah be applied to specific torque levels and correlated numbers of cycles.

ar a critical
requency of

e loads depend upon the driven machine(s), the driver(s) or motor(s) and the dynamic ass elastic

estimation of the spectrum, if this is known, fora similar machine with a similar operatinig mode, and

ive system,

calculated)
orded in its
t is usually
he range. In
he resulting
be included
y, the usual
s, such that

ed tooth is
s defined in

Table 3 — Torque classes/numbers of cycles — Example: classes 38 and 39 (see Table 4)

Torque class, T;
N-m

11620 < T3g< 12 619
10 565 < T3¢ < 11 619

Number of cycles, n;

The torques used to evaluate the tooth loading should include the dynamic effects at different
rotational speeds.

This spectrum is only valid for the measured or evaluated time period. If the spectrum is extrapolated
to represent the required lifetime, the possibility that there might be torque peaks not frequent enough
to be evaluated in that measured spectrum shall be considered. These transient peaks can have an

© IS0 2019 - All rights reserved
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effect on the gear life. Therefore, the evaluated time period could have to be extended to capture
extreme load peaks.

Stress spectra concerning bending and pitting can be obtained from the load (torque).

The tooth root stress may also be measured by means of strain gauges in the fillet. The relevant contact
stress may be calculated from the measurements.

Table 4 — Example of torque spectrum (with unequal bin sizes for a reducing number of bins)
(see Annex C)

rinion
Data Torque 0 Time r\Q)
N-m Load cycles % A,

Bin no. minimum maximum S _ SE) “ h
1 25502 25578 0 0,00 0 0P 0
2 25 424 25501 0 0,00 0Q° 0
3 25 347 25 423 14 0,37 22 0,006]7
4 25 269 25346 8 0,21 14 0,003[9
5 25192 25 268 5 013 4 O 9 0,002]5
6 25114 25191 8 0,20.L) 14 0,003[9
7 25 029 25113 16 0,42° 28 0,007|8
8 24936 25028 8 0,21 14 0,0039
9 24835 24935 5 9013 9 0,002]5
10 24727 24 834 11 ] 029 19 0,005(3
11 24610 24726 16 9 0,42 28 0,007|8
12 24479 24 609 19 0,50 33 0,009]2
13 24331 24478 s 0,37 24 0,006]7
14 24 168 24330 Y 14 0,37 24 0,006|7
15 23990 24168 4 - 11 0,29 19 0,0053
16 23796 23 989 15 0,39 26 0,007]2
17 23579 23796 31 0,81 52 0,0144
18 23339 (23879 28 0,73 47 0,013[1
19 23076 |23 338 36 0,94 62 0,017[2
20 22789 1} 23075 52 1,36 88 0,024{4
21 224797 | 22788 39 1,02 66 0,0183
22 2 22478 96 2,51 163 0,0453
23 A 21766 22137 106 2,77 180 0,050[0
24 21363 21765 49 1.28 83 0.0231
25 20929 21362 117 3,05 200 0,055 6
26 20 463 20928 124 3,24 212 0,058 9
27 19960 20 463 61 1,59 104 0,028 9
28 19 417 19 959 140 3,65 238 0,066 1
29 18836 19 416 148 3,86 253 0,070 3
30 18216 18835 117 3,05 200 0,055 6
31 17 557 18215 121 3,16 206 0,057 2
32 16 851 17 556 174 4,46 297 0,082 5
33 16 100 16 851 185 4,83 316 0,087 8
34 15 301 16 099 196 5,11 334 0,092 8
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Table 4 (continued)
Pinion
Data T(l)\;-que % Time
‘m Load cycles
Bin no. minimum maximum s h
35 14 456 15301 207 5,40 352 0,097 8
36 13 565 14 456 161 4,20 274 0,076 1
37 12 620 13 564 168 4,38 286 0,079 4
38 11 620 12 619 237 6,18 404 0,112 2
39 10 565 11619 252 6,58 429 0,119 2
40 9457 10 565 263 6,86 449 0,1247
41 8 294 9 456 275 7,18 468 0,1300
42 7 070 8294 178 4,65 303 0,084 2
43 5783 7 069 103 2,69 176 0,0489
44 4 434 5782 7 0,18 12 0,003 3
45 3024 4434 0 0,00 0 0
46 1551 3023 0 0,00 0 0
47 1 1550 0 0,00 0 0
48 0 0 0 0,00 6 041 469 1678,2
Total > 3832 100,0 6 048 000 1680
4.2 | General calculation of service life
The |calculated service life is based on the theadry that every load cycle (every revolution) is damaging
to the gear. The amount of damage depends(on the stress level and can be considered as zefo for lower
stress levels.

The
dam

The

The

Stre

calculated bending or pitting fatigue life of a gear is a measure of its ability to accumul
age until failure occurs.

fatigue life calculation requires

Lhe stress spectrum,

naterial fatigue.properties, and

h damage accumulation method.
Ktress spectrum is discussed in 5.1.

ngth ‘values based on material fatigue properties are chosen from applicable S-N cy

hte discrete

rves. Many

specirerrs shrattbetested by stressing thent 1cpcatcd1_y at-ome-stressteveluntit-fatture
gives, after a statistical interpretation for a specific probability, a failure cycle number characteristic of
this stress level. Repeating the procedure at different stress levels leads to an S-N curve.

ccurs. This

An example of a cumulative stress spectrum is given in Figure 1. Figure 2 shows a cumulative contact
stress spectrum with an S-N curve for specific material fatigue properties.

© IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=1aa4db00eccec8e93e6a9426179eaede

IS0 6336-6:2019(E)

Key

X cumulat
Y  stress,d
a Load sp

Linear, non
(References

4.3 Palm

The Palmgr

ive number of applied cycles, N (log)

(log)
pctrum, X n,, total cycles.

Figure 1 — Example for a cumulative stress spectrum

linear and relative methods are used. Further information can be found in the litergture

[4], [9], [10] and [17]).

gren-Miner rule

en Miner rule — in addition to.other rules or modifications — is a widely-used linear darmage

accumulati

level is equal, which means the first stress cycle at a given stress level is as damaging as the last.

n method. It is assumed that the damaging effect of each stress repetition at a given s{ress

The Palmggen Miner rule operatés on the hypothesis that the portion of useful fatigue life used by
a number df repeated stress-cycles at a particular stress is equal to the ratio of the total number of
cycles durinpg the fatigue.life at a particular stress level according to the S-N curve established for the
material. Fqr exampleif@ partis stressed for 3 000 cycles at a stress level which would cause failufe in
100 000 cygqles, 3 % ©fithe fatigue life would be expended. Repeated stress at another stress level wjould

consume arjother Similarly calculated portion of the total fatigue life.

The used
required fa

and

When 100 % of the fatigue life is expended in this manner, the part could be expected to fail. The order
in which each of these individual stress cycles is applied is not considered significant in Palmgren Miner

analysis.

Failure could be expected when

%10
;Ni

M
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where
n; is the number of load cycles for bin i;
N; is the number of load cycles to failure for bin i (taken from the appropriate S-N curve).

If there is an endurance limit (upper, horizontal line beyond the knee in Figure 2), the calculation is only
done for stresses above this endurance limit.

If th,

in Figure 3), the calculation shall be done for all stress levels. For each stress level, i, thg
cyclgs to failure, N, shall be taken from the corresponding stress level of the S-N curve, Ot

accyl

permissible damage sums other than one may be used upon agreement of the purehaser a
box manufacturer.

5
tol

5.1
This

knoyvn and easy to apply; the choice does not imply that the method is superior to the othe

int

Fron

numpers of cycles shall be listed (see Table:5.for an example).

calc;}:lations according to the Palmgren Miner rule (see 4.3) and has been chosen because

mulation (including non-linear) hypotheses in addition to the herein described n

Calculation of service strength on the basis of single-stage strength ag
50 6336 series

Basic principles

method is only valid for recalculation. It describes.the application of linear cumulat

e literature (References [4], [9], [10] and [17])s

h the individual torque classes, the torques-at the upper limit of each torque class and th¢

Table 5 — Torque classes/numbers of cycles — Example: classes 38 and 39

annrobriatae SN curua chawie na anduranecs Tivait (Aacraacing lino havuand +ha rnaoao rklnk Olnt
appropriate-S-N-curve shows no-endurance limit{decreasing line beyond-the knee p

number of

her damage
hethod and

nd the gear

cording

ive damage
it is widely
s described

b associated

A -
Upper limit ofN F:)nrque class?, T, Number of cycles, f;
T39 <11 620 N3q =252

a

For conservative caleulation, sufficiently accurate for a high number of torque classes.

Basq
desd
as sH

d on the loadSpectrum (T}, n,), the effective stress levels o; are determined by help of
ribed indSO 6336-2 and ISO 6336-3 for the pinion or the wheel to obtain a stress spec

jown in-Figure 2.

he methods
frum (o, n,)
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Y
01
T 1
0,
T, 1 .
3
T, [ 71
04
T; [T 771
4]
T, ______5______|
Ts
X
ns

Key
X number of load cycles, N (log)
Y  stress, ¢ (log) or torque, T (log)

Figure 2 — Load and stress spectrum

The stress [spectrum (o, n;) combined with the S-N curve o;(N), allows the determination of the
allowable number of cycles N; for each stress level o, (seg Figure 3).

Y
—————— -~
|91 \\ZG (N)
L_22_ ~
1 A N
| 3 N Vs
_jl N
04
- — =
|
L9 __
-
I
I
I
AVA
4
nj
Key
X number of load cycles, N (log)
Y stress, o (log)
0¢(N)  stress value used to describe the permissible S-N curve
NOTE For each level of stress o; with a number of cycles n; the allowable number of cycles N; can be

determined by help of the methods described in ISO 6336-2 and ISO 6336-3 for the pinion or the wheel.

Figure 3 — Stress spectrum and S-N curve
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NOTE1 The representation of the cumulative stress spectrum entirely below the S-N curve does not imply
that the part will survive the total accumulative number of stress cycles. This information can be gained from a
presentation as shown in Figure 7.

NOTE2  The value oy is either oy or opg.
NOTE 3  Thelogscale on the vertical axis are different for the stress and the torque in Figure 2.

To evaluate the cumulative damage graphically, it is necessary to shift the damaging load cycles
of each stress bin from stress level o; to stress level 0,4 in order to keep the cumulated damage
constant. Graphically this is equivalent with drawing a line of the same slope than the S-N curve from

the extremity of the stress bin o, (see respectively Figures 4 and 5, for the respective cases with and
without an endurance limit) to the stress level g;,;.
The jequivalent cumulative damage for the given load spectrum is in Figure 4 the ratie’n. /N5 for the
stregs level o5 (respectively n,q4/N, for the stress level o, in Figure 5).
Y
______ —~ 9V
%1 \&ﬁl
o 2 \G\N 2
o \\
3 \g \N 3 1
N~—— L
04
Os
X
ny na n3 Ny ns
n eq3
Key
X number of cycles; ¥ (log)
Y stress, o (log)
1 endurancedimit
og(N)  stressvalue used to describe the permissible S-N curve
NOTE Aslevel 0, and o5 are below the endurance limit, these bins don't need to be shifted.

Figure 4 — Cumulated stress spectrum and fatigue curve limit when there is an endurance limit
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Y
______ -~ %G (N)
%1 S Ny
N
02 IV2
o \G\\\
3 N3
\S\
0y ———___ N,y
—_—————g
X
ny ny nj Ny
neq4
Key
X nunhber of cycles, N (log)
Y strefss, o (log)

0g(N)  stress value used to describe the permissible S-N curve
Figure 5 — Cumulated stress spectrum and S-N curvefor life factor < 1,0 in the range of long life

The stress §pectra for the tooth root (o, ng;) and.the tooth flank (oy;, ny,;) with all relative factor$ are
formed on the basis of this torque spectrum. Theload-dependent K-factors are calculated for eachnew
torque clasg (for the procedure, see 5.2).

With the stiress spectra obtained in this way, the calculated values are compared with the strepgth
values (S-N|curves, damage lines) deterimined according to 5.3 using the Palmgren Miner rule, seq 4.3.
For a graphjcal representation, seeFigure 3.

For all valugs of 0;, individual damage parts are defined as follows:
U =—L (2)

The sum of the individual damage parts, U;, results in the cumulated damage condition U, which shdll be
less than orjequal’to unity.

U=Yu;=) 1<1,0 (3)
i i N;

NOTE4  Asnotedin 4.3, permissible damage sums other than 1,0 can be used.

NOTES5 The calculation of speed-dependent parameters is based, for each load level, on a mean rotational
speed. This also refers to the determination of the S-N curve.

This calculation process shall be applied to each pinion and wheel for both bending and contact stress.
Figure 6 shows a presentation from which it can be concluded whether the part will survive the total
number of stress cycles.
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| | | | | |
103 10* 10° 10° 107 108 10° X

X [number of load cycles, N (log)
Y [stress, o (log)

a  |Damage sum 100 %.

b IDamage sum 10 %.

¢ Damage sum 1 %.

Figure 6 — Accumulation of damage

In agldition, safety factors applied to static load strength should be calculated for the highest stress
of tHe design life. This document is nigt*applicable to stress levels greater than the static stress limit,
sinc¢ stresses in this range can_excéed the elastic limit of the gear tooth in bending of in surface
contpct pressure. In addition, safety factors applied to the static load strength should bg¢ calculated
for the highest stress of the design life. The highest stress could be either the maximum dtress in the
load[spectrum or an extreme’transient load that is not considered in the fatigue analysis| Depending
on the material and the-lead imposed, a single stress cycle above the limited-life range could result in
plastic yielding of the gear tooth. The static load strength can be determined according to|ISO 6336-2
for gitting and [SO®6336-3 for bending.

5.2 | Calculation of stress spectra

For ¢ach level i of the torque spectrum, the actual stress, o; shall be determined separately for contact
and pénding stress in accordance with the following formulae.

— For contact stress (ISO 6336-2:, Method B):

2000-T; u+1
Oy =2y ZgZ, 'Zﬁ Zpp - W'T'Kﬂ Ky 'KHﬂi K )
1
— For bending stress (ISO 6336-3:, Method B):
2000-T;
O “d bm Y X Y Yp Ypp Ky Ky K Kpg, )
1 n

The value K,, defined as the application factor, is set equal to unity (1,0) for this calculation, as
all the application load influences should be taken into account by stress levels included in the
calculation method.

© IS0 2019 - All rights reserved 13
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5.3 Determination of pitting and bending strength values

S-N curves for the pitting and bending strength can be determined by experiment or by the rules of
ISO 6336-2 and ISO 6336-3.

Where teeth are loaded in both directions (e.g. idler gear), the values determined for the tooth root
strength shall be reduced according to ISO 6336-3.

For contact stress, damage accumulation shall be calculated individually for each flank side if both
flanks are loaded differently.

5.4 Dete

In the gene
determined

The safety
and pitting.
an example

NOTE S
ISO 6336-2 0

(see for example Figure C.1). This does not mean that these stresses will occurih real operation.

'mination of safety factors

ral case, safety factors cannot directly be deduced from the Miner sum, U. They)shal
by way of iteration. The procedure is shown in Figure 7.

The safety factor is only valid for the required life used for each calculation. Annex C sh
for calculating S.

r bending stress according to ISO 6336-3 by the safety factor S can be above the static load stre

{1 be

factor, S, shall be calculated separately for the pinion and the wheel, each’for both bending

OWwWS

resses calculated during the iteration process by multiplying the. contact stress accordifg to

ngth
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Stress spectrum

Modify the

stress levels by S
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Reduce S

Calculation according
to 5.1t0 5.3

Miner sum > 1

Ty

Yes

No

Miner sum < 0,99

No

Increase §|

output S

spectrum

Yes

jgure 7 — Flow chart for the determination of the calculated safety factor for a gi

ven load
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Annex A
(normative)

Determination of application factor, K,, from given load spectrum
using equivalent torque, T

A.1 Purpose

The following calculation method is useful for a first estimation during the gear design stage,iwher¢ the
geometry dpta of a gear drive is not fixed. This calculation is only valid for the tooth root,breakagd and
pitting damjages. If this method is used for determining application factors for other failure modes) this
shall be agreed between the purchaser and the gear box manufacturer.

Application| factor K, shall be determined separately for the tooth root hreakage and the pifting
resistance, poth for the pinion and the wheel. The highest of these four values shall be used for a|gear
rating in conformance with ISO 6336 series.

A.2 Application factor, K,

The applicafion factor K, is defined as the ratio between the equivalent torque and the nominal torque:

T
K, =—H (A1)
A .
Ty
where
T, is the nominal torque;
Toq  ip the equivalent torque.

The equivajent torque can be calculated as a simplification according to Formula (A.2). In geglfral,
it is recommended to calculate Teq according to the method described in A.3. As a simplificaftion,
Formula (Af2) can be used,/but’it may be on the unsafe side, especially if high number of load cycles
occur. Thergfore in all casésyit is recommended to use the method described in A.3.

1
0 TP +n3FP +... ;
T, = 111 T3 A.2)
n{Kn, +...
where
n; is the number of cycles for bin i;
T; is the torque for bin i;

p is the slope of the S-N curve, see Table A.1.

The slope of the S-N curves used by ISO 6336 series determines that the number of bins to be used in
Formula (A.2) may be limited to the bin at which the number of load cycles for endurance limit, N ., is
reached, see A.3.3.
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Determination of the equivalent torque, Teq

1 General

For this procedure, the load spectrum, the slopes of the S-N curves, p, and the number of load cycles for
endurance limit, N; . at the reference point shall be known.

A.3.2 Basis

The following method applies for a design case where the S-N curve is simplified by ignoring all damage

whi

h occurs at stresses below some stress limit. It is based upon the fact that while the po

ition of the

endu
posi

It is

rance limit in terms of stress is not known in relation to the gear until the design isaj
Fion of that endurance limit in terms of cycles does not change as the gear design chang

possible that the reference permissible stress level, opgp is below the coisidered

ailable, the
b,

bins, when

calcylating K, according to this annex. If, later in the gear design process, itishows, that there is a

sign
furt

Furt
caus
bee

ficant number of unconsidered load cycles above the reference permissible stress I
her detailed calculation according to the main part of this standard is réquired.

hermore, a torque T; in the bin i can be replaced by a torque T; inanew bin, j, so that
ed by the torque T; is the same as that caused by the torque T}. This is shown in Figure

kpressed by Formula (A.3).

P, —7P
T'l.nl.—T].n].

Y

bvel, oppp a

the damage
A.1 and can

(A.3)

Key
X
Y

number of load cycles, N (log)
torque, T (log)

Figure A.1 — Load bins with equal damage behaviour according to Formula (A.3)
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A.3.3 Calculation procedure

The load bins shall be denoted as (T}, n;) and numbered in descending order of torque, where T; is the
highest torque. Then the number of cycles n; at torque T; is equivalent in terms of damage to a larger

number of cycles Neq 1, ata lower torque T,, where, according to Formula (A.3):

Tl
Meq1 =M T (A4)
2

As ny. = ny + ngg 5, then bins 1 and 2 can be replaced by a single bin (T, n), see Figure A.2.

Similarly, the cycles n,. at torque T are equivalent to n, , at T3, where

TZ
Neq,2 ='2c E A.5)

AS Nz, = N3 1 Ngg o, then bins 1, 2 and 3 can be replaced by a single bin (T3, n3).

Y

o¢(N)

eq,1 n,

nye

eq,2 ns

Key

X number-oftoad L_y\.}l:a, s (1U5)
Y torque, T (log)

NOTE The 2 bins of n, cycles have different length as the scale of the X axis is logarithmic.
Figure A.2 — Bins (T, n;) and (T, n,) replaced by (T, n,.)

This procedure shall be stopped when n,; reaches the number of load cycles for endurance limit,
Ny, .- Once the endurance limit is reached, ensure that no significant numbers of load cycles above the
endurance limit have been ignored. If so, further detailed calculation according to the main part of this
standard is required.
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required equivalent torque T, is now between 2 limits:
Ti < Teq < Ti—l (A.6)
T. T
<K, < i=1 (A.7)
T

n n
can be found by linear interpolation on a log-log basis.

slope exponent, p, and the number of load cycles for endurance limit, N| ., are a fnfction of the
brial, heat treatment and damage machanism. Values to be used in Formulae (A.23 (A.4) and (A.5)
are ghown in Table A.1.

able A.1 — Exponent p of S-N curve and number of load cycles for endurance limjt, N .
Material Pitting Tooth root bending
(acc.1S0 6336-5) pa Ny ve p Ny ref
St, M GGG (perl., bai.), GTS (perl.
(p ) (perl) 6,774 8 10 x 106
(limlited pitting according to ISO 6336-2)
St, | GGG (perl,, bai), GTS (perl) 62249 3x10°
, erl., bai.), erl.
P P 6,611 2 50 x 106
(no pitting according to ISO 6336-2)
EH, [F
limjited pitti di 1SO 6336-2 o774 S 10108
t tt t -
(limjited pitting according to ) 87378 3 x 106
EH, [F
6,611 2 50 x 106
(no pitting according to ISO 6336-2)
GG, GG (ferr.), NT (nitr.), NV (nitr.) 5,709 1 2 x 106 17,035 3 x 106
NV (nitrocar.) 15,716 2 x 106 84,003 3 x 106

a

Values p for pitting are given for the torque; to convert for the stress, these values shall be doubled.

A4

An dxample is shown‘in-Figure A.3 and the corresponding Table A.2. In the rightmost co

Example

umn of the

tabl¢ a switch is shown that indicates when the endurance limit has been reached. In this ¢xample the

appl

It is
(950
(50

kN\m) and with the life factors which match the number of load cycles for enduranc
109), when doing the gear design.

cation factof)K} is between 1,08 and 1,21. From the fact that on row 3 the value of n,, is very close
to the endurangglimit, the interpolation will give K, = 1,201.

impoxfant to note that this value of K, should only be used with the same nominal forque used

b limit used

© IS0 2019 - All rights reserved
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1.E+02

Key
X
Y

20

num

1.E+03

torqte, T (log)

load
log-1
50 -

nom

ng spectrum

[ 06 load cycles

nal torque, T,

1.E+04

ber of load cycles, N (log)

bg line for interpolation

1.E+05

1.E+06

1.E+07

Figure A.3 — Load spectrum with corresponding equivalent torque, T,

1.E+08  1.E+09 1.E+10 X
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Table A.2 — Example for the calculation of K, from the load spectrum

IS0 6336-6:2019(E)

Cumulative damage/calculation of K,

Flank Nominal torque T, in kNm 950
Ratio to this gear u: 75 Number of blade torque 20
Contact per revolution: 1 Slope exponent, p, from Table A.1 6,611 2
Speed in cycles per minute 1500 Number of load cycles for endurance limit, Ny .o 50,0 x 106
Bin Blade torque | Torque ratio Oqerating Cycles Equivale‘nt from Total Switch
frours rowabove

i T; T/ T, h n; Nje Neq i

1 1400 1,47 0,400 36000 — 36000 0

2 1250 1,32 5,05 454500 76 154 530 654 0

3 1150 1,21 450 40500000 920910 41420910 0

4 1025 1,08 6520 586800000 88 635476 675 435 476 1

5 950 1,00 15000 1350000000 1116 233847 2466 233 847 1

6 925 0,97 21500 1935000000 2941740 296 4876 740 296 1
NOTE1  The calculation is done for pitting (no pitting permissible) which justifies values for the exponent, p.
NOTE 2  The switch in the rightmost column is equal to 0 if the number of total cycleg’is less than or equal to 50,0 x 106,
NOTE3  Oneachrow the equivalent from row above n;, is calculated by Formula A5,

The quivalent torque T,, for 50 million load cycles is between the ends of bin 3 and 4 and

by uping log-log interpolation as follows:

The slope exponent for log-log interpolation isgiven by:

T 11
og| 7| g 1go¢ )
Dinterpol = 4 = =0,04122
P Meq.d 675435476
log| ——— 41420910
eq,3

The equivalent torque for(log-log interpolation is given by:

interpol
neq, 4 P

[‘ “) v
50-10°

0,04122
675435476 \"
eq—50 million =T4 = =1025(— )

50-10°

Congequently, thelapplication factor is calculated as follows:

_ Teq—SO million _ 1141,11

=1141,11

is obtained

(A.8)

(A9)

(A.10)

K A =1,201
T, 950
NOTE In this calculation, all load levels between the nominal torque T, and Tq 5omillion

calculation of K.

© IS0 2019 - All rights reserved
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Annex B
(informative)

Equivalent cumulative damage

B.1 Purpose

In order to|generalize the equivalence in damage on the basis of Figures 2, 3 and 4 it is poSsib

calculate all equivalent load for the given load spectrum in term of damage under the assumpti

linear dam{

For a given
considering

ge accumulation.

that the fatigue curve for the material allows N, cycles before damage.

e to
n of

stress level i and corresponding n; cycles, the individual damage U, is definedby Formulg (2),

The equivalent cumulative damage of a given load spectrum is given by the stum of individual damjages

U;and can |

B.2 Dete

e calculated according to Formula (3).

rmination of the equivalent stress damage curve, Ocq

B.2.1 General

For this proj
of load cycls

s, N, at the reference point shall be known (see Table B.1).

Table B.1 — Exponent p anid number of load cycles N;,

cedure, the load spectrum (T}, n), the slopes of the considered S-N curves, p, and the nuthber

Material Pitting Tooth root bending
(sep ISO 6336-5) p2 Ny, p Ny,
6 x 105 < Ny < 107
St, V, GGG (gerl., bai.), GTS (perl.) G774 8 L
(limited pit{i dine t 87763 107 < Nj < 10°
imited pitfing according to , 4 5
1S0 6336-2) 7084 1 109 < Ny, < 1010 62249 10%< N, =310
' (long life) 49913 3 x 106 < N < 1010
St, V, GGG (ferl., bai), GTS (pert) 66112 105 < N; <50 x 106 ' (long life)
(no pitting dccording to 16.301 50 x 106 < Ny < 1010
IS0 6336-2) ’ (long life)
5 7
EH, IF 67748 | © 10170 ;NL ;190
<N; <
(limited pitting/according to 8,776 3 L 43—yt
1SO 6336-2) 7084 1 109 < NL§ 1010 8737 8 TO =TIV =3 X1
' (long life) 49913 3 x 106 < N < 1010
EH, IF 66112 105 < Ny < 50 x 106 (long life)
(no pitting according to 16.301 50 x 106 < N <1010
ISO 6336-2) ’ (long life)
5709 1 105> < N <2 x 106 17035 103 < N, <3 x 106
GG, GGG (ferr.), NT (nitr.), NV (nitr.) 26204 2 x 106 < N < 1010 49913 3 x 106 < N < 1010
’ (long life) ! (long life)
a  Values p for pitting are given for torque; to convert for stress, these values are to be doubled.
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Table B.1 (continued)

Material Pitting Tooth root bending
(see ISO 6336-5) p? N, p N,
5 < 6 3 6
NV (nitrocar.) 15716 21(3( 1<02V: ;V2<x11(§)10 64,003 312 1<02Vi ;3:11(?10
26,204 L= 49,913 L=

(long life)

(long life)

a  Values p for pitting are given for torque; to convert for stress, these values are to be doubled.

For pitting, the endurance limit is considered:

For
Tabl

Whe

B.2.
The

The
stre

NOT
(tran
num

beyond 2 x 100 cycles for GG, GGG (ferr.), NT (nitr.), NV (nitr.), NV (nitrocar.);

SO 6336-2 is permitted;
beyond 50 x 10° cycles for St, V, GGG (perl., bai.), GTS (perl.), Eh, IF.

b A.1.

n the long life area is considered, the endurance limit is beyond-1010 cycles.

2 Basis

rontact stress at pinion;
rontact stress at wheel;
bending stress at pinion;

bending stress at wheel.

per i via the dynamiicfactor K ;

For pitting:

Eormulae (3) to (5);

first step is to select for which criteria the equivalentstress damage calculation shall bg done:

beyond 50 x 10° cycles for St, V, GGG (perl., bai.), GTS (perl.), Eh, IF when limited pitting 4ccording to

footh root bending, the endurance limit is considered beyond 3 x (10¢ cycles for all materials of

second step is to convert edeh ‘torque bin (T}, n;) in a contact stress bin (o}, n;) andfor bending
bs bin (o, n;) on the basis@f1SO 6336-2 and I1SO 6336-3 (see Formulae (4) and (5) in 5.7).

) The transformation from the torque T; to the stress o; is done by using load distribyition factors
sverse and facewidth-difection, Kj;,; and KHBz) taking into account the mean rotational speed during the bin

— thescalculation of the nominal contact stress oy, ; for the torque T; and the calculation of
thecontact stress for the pinion oy, ; and/or the wheel Oy accordlng to ISO 6B36-2:2019,

the calculation of the number of cycles for the pinion ny, ;and/or the wheel ny, ; out of the given
time and roational speed for which the torque T; is applied on the concerned tooth flanks;

the calculation of the permissible contact stress considering a life factor Zy equal to 1 for

the number of cycles for the pinion oyp; and/or the wheel oyp,, according to ISO 6336-2:2019,
Formula (6); this calculation gives the reference permissible contact stress level oy g
associated to the allowable reference number of cycles N ;; rgr (Obtained for the knee of the life

factor curve Zy: beginning of the endurance limit when considered);

© IS0 2019 - All rights reserved
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— then, the initial load spectrum (T}, n)) is transformed in (o} ;, ny, ;) for the pinion or/and (oy; ;
ny; ;) for the wheel.

For tooth root bending:

the calculation of the nominal bending stress o ; for the torque T; and then the calculation

of the bending stress for the pinion og; ; and/or the wheel oy, ; according to ISO 6336-3:2019,
Formula (3);

time and roational speed for which the torque T; is applied on the concerned tooth flanks;

the calculation of the number of cycles for the pinion ng, ;and/or the wheel ng, ; out of the given

as

forjall materials) (obtained for the knee of the life factor curve Yy: beginning-ofthe endur

li
the
Ny

To be gener]
stress level

Further on,

the calculation of the permissible bending stress considering a life factor Yyt equal to
thg number of cycles for the pinion ogp; and/or the wheel opp,, according to ISO 6336-3:3
Fomula (5); this calculation gives the reference permissible bending stress level o

ciated to the allowable reference number of cycles Ny g ggr = 3,0 x 10° cycles(same v

it when considered);

n, the initial load spectrum (T}, n) is transformed in (o ;, ng, ;) for-the pinion or/and (|
) for the wheel.

al, the transformed load spectrum is noted as (o

N, om,J<and the reference permis
is noted as opgp in the rest of the document.

nom, 7’

a stress level o, ;in the bin i can be replaced by the stresslevel o, ... ;in a new bin j, so

| for
019,

" REF
alue

ance

OF2,ir

sible

that
1is is

B.1)

here
" is

B.2)

nom,i nom,
the damage caused by the stress level 0, ; is the same as that caused by the stress level o, ;. T}
shown in Figure B.1 and can be expressed by Formula (B.1).
p —aP
Ohom,i hom,i _Gnom,j 'nnom,j
B.2.3 Calgulation procedure
The load bips shall be denoted as (0,4, . Miom,) @and numbered in descending order of stress, w|
Onom,1 Corrpsponds to the highest torque. Then the number of cycles n,, , at the torque
equivalent In terms of damage to a lafger number of cycles n ;, at the lower stress o, 5, according to
Formula (B|2):
n —h O-nom,l
eq,1 ~ fnom,1"
O nom2
Then bins Ifand 2 campe replaced by a single bin (6,4 2, Neq1 + Mnom,2), Se€ Figure B.2.
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Key

nom, i

IS0 6336-6:2019(E)

o .
nom, j

number of load cycles, N (log)
stress, o (log)

Figure B.1 — Load bins with equal damage behaviour according to Formula (18.1)

nom, i

eq, j

© IS0 2019 - All rights reserved

25


https://standardsiso.com/api/?name=1aa4db00eccec8e93e6a9426179eaede

IS0 6336-6:2019(E)
Y
o nom, 1
o nom, 2
X
n nom, 1
n eq, 1 n nom, 2
neq,l + nnom,Z

Key
X numberofload cycles, N (log)
Y stress, g (log)

Figure B.2 — Bins (anom,l, nnom'l) and (anom‘z, "nom,2] replaced by (Onom,Z' Neg1+ ”nom,z)

This proced

B.3 Equivalent damage curve op(N)

No endurarnce limit is always censidered.

The initial ¢
in Figure B
nD,S = neq,S'
parallel to t

The initial

ure can be done for all bins of the’spectrum.

omplete load.spectrum of Figure 2 is transformed in the cumulated stress spectrum sh
3. In terms of damage, it is equivalent to the stress level o, ., s with a number of c)
From thispoint (0, 5, 1 5) itis possible to draw an equivalent damage fatigue curve o
he permissible fatigue curve op(N).

omplete spectrum of Figure 2 has also the following equivalent cumulative damage for

own
rcles

p(N)

each

level of str
— atstres
— atstres
— atstres
— atstres
— atstres

— atstres
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Ses:
s level 0, ,,, s with a number of cycles np 5;
s level o, 4 with a number of cycles ny, 4;
s level opgp with a number of cycles np pgg;
s level o,,,,, 3 with a number of cycles np 3;

s level o, » with a number of cycles np ,;

s level 0,,,,, 1 with a number of cycles ny, ;.
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nom,i
equivalents in terms of damage to the damage obtained for the application of the initial complete load

spectrum.

Those different stress levels o, ; associated with their respective number of cycles np; are all

Each equivalent number of cycles n, ; for each level of stress o, ; is located on the same parallel to the

S-N curve of the material represented in ISO 6336 series by the life factors.

At the stress level o the slope of the S-N curve (the life factor curve) might change depending on the
material and the chosen parameters. The transformation in equivalent number of cycles (n.q sggr on the
Figure B.3) shall consider this change.

NOTE+—AfterHgrpreyelesthe-slope-of-theeurvechangesfromthe p-defined-for—tHmitedife—fo values p
from|the corresponding life factor given for “long life” for the shown example (see Table B.1).
NOTE 2  Inorder to be conservative, stress levels lower than the minimum level of the S-N‘durve at 1010 cycles,
suchlas o,,,,, s in Figure B.3, are integrated as it can contribute to the cumulative damage.
e (V)
| % nom, 1 N
N
o op(N) N
__nom2 p (M) ™
~N
9 nom, 3 N
N
O REF ) k\\\
—
\O-'_ —_ \' \\\
nom, 4 [~
o nom, 5
S < O—6& 2 &
10
Npq1 |Mpp MNp3 MpRrer Npy Nps 1p X
n nom,1 n nom,2 n nom,3 n nom,4 n nom,5
n eq,1
n eq,2
M eq,3REF
n eq,3
n eq4
n eq,5 =Nps
Key
X number of cycles, N (log)
Y stress, o (log)
op(N) stress value used to describe the equivalent damange fatigue curve
op(N) stress value used to describe the S-N curve dependant from the number of load cycles

Figure B.3 — Generalization of equivalent damages when there is no endurance limit

The following are some remarks on the calculation:

— Determination of n. 3ggr on the Figure B.3:
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In this calculation the reference permissible stress level ogp is already determined taking into account
the safety factor Sy ;, for pitting, Sg i, for bending (0ggr = 016/SH min » OREF = OFG/SF min)-

On this basis, the calculation of the equivalent number of cycles n. spgr is given by:

(o)

nom,3

neq,3REF _(neq,Z +nn0m,3 ) o (B-B)
REF

— Then the slope of the curve changes from p (defined for “limited life”) to p;  from the corresponding
life factor given for “long life” and

Opgr |
Neq,3 = Neq, REF ( > B.4)
nom,4
— Formulp of equivalent damage fatigue curve op(N) for « long life area »
1
0p (N)EORgr [ "eq 3REF |/ PLF for N <ngg pgp B.5)
— Formulp of equivalent damage fatigue curve op(N) for « limited life ared »
n 1
O'D(N)=O'REF[$ ! for N>n,, spep B.6)

B.4 Use of cumulative damage concept for accelerated tests

The method previously described in B.2 and B.3 for equivalent damage can be used in order to accelgrate
the testing fluration to qualify products in terms of-endurance fatigue.

When accelerating tests for a defined typecof-failure it is recommended to check that the increase of
loadings will not lead to other potential damages on the tested component itself and all others implied
in the test.

NOTE 2|cases can be considered:

— either if can be proved that(there is no damage for the considered loading spectrum and in that casp the
safety factors considered €eycalculate the reference permissible stress level are greater or equal to 1;

— or it cafj be proved thatthere is damage for the considered loading spectrum and in that case the spfety
factors ¢onsidered-te calculate the reference permissible stress level are equal to 1.

B.5 Example of equivalent damage fatigue curve op(N)

An example is shown in Figure B.4 and the corresponding Table B.2. The right hand column of the table
indicates the life factor. In this example the number of load cycles for endurance limit are 50 x 10° and
therefore between Zy = 0,933 and Zy = 1,03.

Here the examined criterion is the contact pressure, and the cumulated loading spectrum is transformed
in a contact stress spectrum which is cumulated as indicated in Figure B.4. Then from the point of the
cumulated spectrum with the highest number of cumulated cycles the slope of life factor allows to
determine the equivalent damage curve: each point of this curve is equivalent in terms of the contact
fatigue damage to the full spectrum.
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Key
X number of load cycles, N (log)
Y torque, T (log)

—e1— loading spectrum
reference permissible stress level
50 - 106 limit

—x4— equivalent damage curve

Figure B.4 — Load spectrum with a corresponding equivalent damage cury

[¢°]

Table B.2 —£ Example for the calculation of the equivalent damage curve

Equivalent damage curve
Flan} Reference permissible contact stress level, o, ;, in MPa: 1360
Number of blade torque: 20
Ratid to this gear'us 3 |Slope exponent, p, from Table A.1: 13,222 4
Contyets per 1|Slope exponent, p, from Table A.1: (> 50,0 x 106 cycles) 32,602
Is)gsir:i:u;(}emlm T500[Number of Toad cycles Tor endurance Timit, Ny, .. 50,0 x 106
Bin | Blade torque Nominal Operating hours Cycles Equivalent from Total Zy Factor
contact stress row above
i T Onom,i h n; n;. Neg,i
1 1400 1555 2 180000 — 180000 1,530
2 1275 1431 12 1080000 544204 1624204 1,296
3 1125 1390 350 31500000 2375556 33875556 1,030
3a — 1350 — — 50000000 50000000 1,000
4 1060 1330 500 45000000 80690792 125690 792 0,933
5 1040 1310 800 72000000 205985135 277985135 0,878
NOTE The calculation in Table B.2 is done for pitting (no pitting permissible).
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