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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

organiza

tions, 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.

The pro
describe
different
editorial

fedures used to develop this document and those intended for its further maintenance_are
d in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
types of ISO documents should be noted. This document was drafted in accordance with the
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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World T
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1 is drawn to the possibility that some of the elements of this document may’be the subject pf
hts. ISO shall not be held responsible for identifying any or all such patentrights. Details pf

list of patent declarations received (see www.iso.org/patents).

e name used in this document is information given for the conveniénce of users and does n¢t
e an endorsement.

xplanation on the voluntary nature of standards, the-meéaning of ISO specific terms ard
bns related to conformity assessment, as well as infermation about ISO's adherence to the
ade Organization (WTO) principles in the TechnicakBarriers to Trade (TBT) see the following
f'w.iso.org/iso/foreword.html.

This dod
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ument was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 2, Geqr
calculation.
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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.

— TS contain calculation methods that are still subject to further development.

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‘rating. The
procedures described in ISO 6336-20 to ISO 6336-29 are predominantly related-fo)the tripological
behaviour of the lubricated flank surface contact. ISO 6336-30 to ISO 6336-39’include [example
calculations. The ISO 6336 series allows the addition of new parts under appropfiate numbers fo reflect
khowledge gained in the future.

questing standardized calculations according to ISO 6336 without refetring to specific parts|requires
the use of only those parts that are designated as International Standards (see Table 1 foi] listing).
hen requesting further calculations, the relevant part or parts of1SO 6336 need to be specified. Use
F a Technical Specification as acceptance criteria for a specific design needs to be agreed in[advance
btween manufacturer and purchaser.

o O

Table 1 — Overview-0fISO 6336

Calculation of load capacity of spur and helical gears In;i;zzt;ggal S[;l:ccilflilézct?(lm T;(:::)i:f 1
art 1: Basic principles, introduction and general influencefactors X
art 2: Calculation of surface durability (pitting) X
art 3: Calculation of tooth bending strength X
art 4: Calculation of tooth flank fracture load-¢apacity X
art 5: Strength and quality of materials X
art 6: Calculation of service life under variable load X

H
s
H
s
H
H
Hart 20: Calculation of scuffing loadeapacity (also applicable to bevel
and hypoid gears) — Flash tempéerature method X
(feplaces: ISO/TR 13989-1)
K
a
(
H
(
H
L.
H
(

art 21: Calculation of scuffing load capacity (also applicable to bevel
nd hypoid gears) — Integral temperature method X
Feplaces: ISO/TR 13989-2)

art 22: Calculation-6f micropitting load capacity
Feplaces: ISOATR 15144-1)

art 30: Calculation examples for the application of ISO 6336-1,
b0 6336:2; 1SO 6336-3 and, ISO 6336-5

art 31: Calculation examples of micropitting load capacity X
feplaces: ISO/TR 15144-2)

X

NOTE At the time of publication of this document, some of the parts listed here were under development. Consult the ISO
website.

This document provides worked examples for the application of the calculation procedures defined in
[SO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5. The example calculations cover the application to
spur, helical and double helical, external and internal cylindrical involute gears for both high speed
and low speed operating conditions, determining the ISO safety factors against tooth flank pitting and
tooth root bending strength for each gear set. The calculation procedures used are consistent with
those presented in ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5, unless qualifying comments are
provided. Where qualifying comments have been included in this document, they reflect areas of the
calculation procedures presented in the current standards where points of clarification are required
or editorial errors have been identified. The changes defined within the qualifying comments will be

© IS0 2017 - All rights reserved v
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implemented in future releases of ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5. No additional
calculations are presented here that are outside of the referenced documents.

Eight worked examples are presented with the necessary input data for each gear set provided at the
beginning of the calculation. Calculation details are presented in full for one worked example, with all
following examples having summarized results data presented in tabular format.

For all calculations in this document, the ISO accuracy grades according to ISO 1328-1:1995 are applied.
Using the ISO tolerance classes of ISO 1328-1:2013 would lead to deviations of the calculation results.

vi © ISO 2017 - All rights reserved
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Calculation of load capacity of spur and helical gears —

Part 30:

Calculation examples for the application of ISO 6336
parts 1,2,3.5

1l Scope

This document presents worked examples that apply exclusively the approximation method|
determination of specific influential factors, such as the dynamic factor, Ky, andthe load dist
3dctors Kya, Kup, etc., where full analytical calculation procedures are provided within the re
phrts of ISO 6336.

Worked examples covering the more advanced analysis techniques afidimethods are outside t
of this document.

s for the
ributions
ferenced

he scope

The example calculations presented in this document are ptovided for guidance on the application
of ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-5. Any)of the values, safety factors or|the data
presented are not to be taken as recommended criteria*for real gearing. Data presented within this
dpcument are for the purpose of aiding the application-of the calculation procedures of ISQ 6336-1,
130 6336-2,1SO 6336-3 and ISO 6336-5.

2 Normative references

The following documents are referred.t0)in the text in such a way that some or all of theiy content
cpnstitutes requirements of this document. For dated references, only the edition cited applies. For
uhdated references, the latest edition-o6f the referenced document (including any amendments) applies.
10 1122-1, Vocabulary of geariterms — Part 1: Definitions related to geometry

1§0 6336 (all parts), Calculation of load capacity of spur and helical gears

3 Terms, definitions, symbols and units

3l1 Terms and definitions

Fpr thepurposes of this document, the terms and definitions given in ISO 1122-1 and ISO $336 (all
phrts) apply.

1S0-dnhd IEC maintain forminn]ngirn] databases foruse in standardization at the Fn]]nxnrihg addresses:
— ISO Online browsing platform: available at https://www.iso.org/obp

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

© IS0 2017 - All rights reserved 1
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3.2 Symbols and units

The units of length metre, millimetre and micrometre are chosen in accordance with common practice.
The conversions of the units are already included in the given formulae.

Symbol Description Unit

a centre distance mm

B1 constant —

By constant —

By non-dimensional parameter — ;/\
Bk non-dimensional parameter — r\Q’\
Bp non-dimensional parameter — Q v
b face width (total face width if double helical) pq’\r{abv

bp face width per helical if double helical (b/2) b\{r)n

beff contact face width P (b mm

Ca tip relief \/Q<§ um

Cs basic rack factor ,,,O\ —

CMm correction factor &\\O —

Cr gear blank factor /. o —

Cv1 constant AQ‘ —

Cy2 constant \\Y —

Cv3 constant K\}\ —

Cysg constant R % —

Cys constant \&v —

Cve constant :\\ —

Cy7 constant \9 —

Cz1, lubrication film factor expor}epi‘b —

C7r roughness factor exponen{:_}\v —

Cya mean value of mesh stiffness per unit face width N/(mm-pm)
Cyp mean value of mestrﬁfness per unit face width N/(mm-pm)
c’ maximum tooth {]';i)f\f,ness per unit face width of gear pair N/(mm-um)
c'th theoretical @&g)e stiffness N/(mm-um)
da outsideA(@n‘e/ter mm

dan virt ip diameter mm

dpn p{@;l base diameter mm

den &H’tual outer single tooth contact diameter mm

dm ‘&\?\ mean tooth diameter mm

dn r®) virtual reference diameter mm

dw working pitch diameter mm

E auxiliary value (for form factor) —

Fpx initial equivalent misalignment pm

Fpy effective equivalent misalignment pm

ffaeft effective profile deviation after run in pum

FMm mean transverse tangential load N

fta profile form deviation (from ISO 1328-1:1995) pum

fup helix slope deviation (from ISO 1328-1:1995) pm

fma mesh misalignment pm

2 © IS0 2017 - All rights reserved
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Symbol Description Unit

fpb transverse base pitch deviation um

fpbeff effective single pitch deviation after run in pum

ot transverse pitch deviation (from ISO 1328-1:1995) pum

fsh equivalent misalignment pum

Fy nominal tangential load N

FiH determinant tangential load N
auxiliary value {for form factor) —

H auxiliary value (for form factor) — y\/\

I tooth depth qﬁbl

Hre bending moment arm O\Q mm

HAep basic rack dedendum coefficient A(b’ “ |mm

Hx tip chamfer ~ o) mm

K constant A —

Ka application factor . —

Kra transverse load factor —

Hrp face load factor —

Kua transverse load factor (, —

Hup face load factor OQ‘ —

Ky dynamic factor \\\\ —

K number of teeth spanned h\\) —

I auxiliary notch parameter QQ‘U —

Min normal module n@ mm

Mred reduced gear pair mass per u.@%face width kg/mny

N resonance ratio ) \O —

1,2 rotation speed of piI\li\@thI‘ wheel) min-1

nE1 resonance speed C)\\ min-1

Nr exponent ‘\\ : —

N1 number C}f@a‘cycles —

Hon Virtuaﬂ.b&f% pitch mm

q m:{@\a’[ allowance for finishing mm

4s 1.@\11 parameter —

dsT ~Q:§{0tch parameter of standard reference test piece —

q’ ‘0‘(“ flexibility of pair of meshing teeth (mm-um)/N

Ra N Y arithmetic mean roughness value, Ra =1/6 Rz pum

Rz ’\‘( mean peak-to-valley surface roughness (as specified in ISO 4287 and pum

O) 1SO 4288)

Rz10 mean relative peak-to-valley roughness for gear pair pm

SF safety factor for bending —

SFn tooth root normal chord mm

SH safety factor for surface durability —

s bearing span offset mm

Spr residual undercut mm

T1,2 nominal torque at pinion/wheel Nm

1% tangential velocity m/s

Wy Span measurement mm

© IS0 2017 - All rights reserved
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Symbol Description Unit

X nominal profile shift coefficient —

XE effective profile shift coefficient —

Ys rim thickness factor —

Ypr deep tooth factor —

Yr form factor —

YNT life factor —

YRrelT relative surface factor — -
Ys stress correction factor — y\/\
YsT stress correction factor, relevant to the dimensions of the reference test gears | — qp
Yx size factor — O\Q -
Va running in allowance ,\WJ

Yp helix angle factor ,_0:33—

Vg running in allowance i A pum

YsrelT relative notch sensitivity factor for reference stress -\ N —

Wi running in allowance O\k)‘ pum

ZB single pair tooth contact factor ’_&\J —

Zp helix angle factor <& ™ —

Zp single pair tooth contact factor OQ‘ —

ZE elasticity factor \\\\ N/mm?2
Ze contact ratio factor h\\) —

VA zone factor QQ‘U —

Z, lubricant factor n$ —

z number of teeth Q\U —

Zn virtual number of teeth ) \O —

INT life factor \.\(\}7 —

ZR roughness factor C)\\ —

Zy velocity factor ) K —

Zw work hardening ga@}‘ —

Zx size factor ,-\U —

an normal prq@% angle °

Qen virtua n factor pressure angle °

QFen viriQMad direction angle °

at sverse pressure angle °

awt Yfr\ansverse working pressure angle °

B ,.:\‘ helix angle °

&a = transverse-contactratio

Ean virtual contact ratio —

] overlap ratio —

gy total contact ratio —

y auxiliary angle °

V40 lubrication viscosity mm?2/s

P material density kg/mm3
p radius of curvature mm

PF radius of root fillet mm

PP root fillet radius of the basic rack for cylindrical gears mm
4 © IS0 2017 - All rights reserved
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Symbol Description Unit

Pred relative radius of curvature mm

o’ slip layer thickness mm

6 auxiliary value (for form factor) rad

OFO nominal tooth root stress N/mm?2

OF tooth root stress N/mm?2

OFlim allowable stress number (bending) N/mm?2
Fp permissible bending stress N/mm?

dFPlonglife permissible bending stress (long life) N/mm

dFpref permissible bending stress (reference condition) N/mm

du contact stress N/mm

dH lim allowable stress number (surface) N/mm

dHo nominal contact stress at pitch point N/mm

dup permissible contact stress N/mm

dHPlonglife permissible contact stress (long life) N/mm

dHPref permissible contact stress (reference) N/mm

A relative stress gradient in root of a notch mm-1

AP stress gradient - smooth, polished test piece mm-1

AT stress gradient for reference test piece mm-1

1 pinion —

2 wheel —

1.9 general numbering —

n

[ e

bplication.

O T

41 General

4 Worked examples

br example 1, the full calculation procedure is presented including the formulae. For all su
lcalations, only the tabulated input and results data are provided.

his clause presents examples for the calculation of the safety factor for surface durability} Sy, and
nfety factor for tooth breakage, Sr. For all examples where various calculation methods are p
far the determination of specific influencing factors, the approximate methods detailed in the

s¢ries are applied. Where-a specific method is used to calculate an influence parameter, thg method
uped is denoted as asubscript to that factor (as defined in ISO 6336-1).

resented
SO 6336

Ip the examples-presented, the calculations based on the input data result in specific aspedts of the
iting procedlre”being invoked to highlight the influence of specific gear pair geometry, q

pality or

bsequent

In a number of areas, points of clarification of the procedure or specific criteria that differ slightly from
the definitions provided in ISO 6336-1, I1SO 6336-2 and ISO 6336-3 are incorporated within the example
calculations. The points reflect the true intention of the procedures of ISO 6336-1, ISO 6336-2 and
ISO 6336-3 and are defined in 4.2.

NOTE1 The calculations and results presented were performed using computer-based procedures. If the
calculations are performed manually, it is possible that small differences between the results can appear.

NOTE 2 In the presented results, all values for K factors are presented with rounding to two decimal places
(X,XX); however, for the actual calculations, the results for each factor have been used with unrounded values.

© IS0 2017 - All rights reserved
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4.2 Qualifying comments

4.2.1 Calculation of base pitch deviation, f,1, and its application to the running in allowances

The value calculated for fpp is by means of Formula (1), and is applied without rounding:

fpb :fpt 'COS(OCt> (1)

where fpt is provided by ISO 1328-1.

For the cplculation of the transverse load factor, Kyq, and running in allowance, yg, the following logic fis

applied from ISO 6336-1.
The crit¢ria defined in ISO 6336-1:2006, 8.3.1, footnote 12 are to be applied only to ISO 6336-1:2006

8.3.1 for] the calculation of Ky, and Kp,. For the calculation of the running in allowafcg, y,, as pér
IS0 633§-1:2006, 8.3.5, then footnote 12 should not be applied. fp1 should never be replaced with f, anjd

the greafer of the values fyh1 and fyb2 is to be used for ISO 6336-1:2006, Formula (78).

4.2.2 (alculation of mesh stiffness, c,

The calcpilation of mesh stiffness, ¢y, in accordance with method B of ISQ, 6336-1:2006, 9.3.2, is appligd
for all eyample calculations. For all ¢y calculations, the use of nominaliprofile shift coefficient, x, and

nominal|basic rack dedendum, hyp, is applied. The generating profil€ shift coefficient, xg, is not usef
even where xg is used for other strength calculations associated with the tooth root (e.g. example 7).

4.2.3 Application of lubricant film Z;, Z, and Zg, hardness Zy and size Zx influence factors

Accordirlg to the ISO 6336 series, the permissible contact stress numbers for static and referenge

condition, including all relevant influence factors as defined, need to be calculated. For limited life

linear inferpolation on a log-log scale, following thé procedure of ZyT, between these two values needs

to be applied. Additional interpolation of Z;,, Z, atid Zg and Zw, Zx does not apply.

4.2.4 pplication of work hardeningfactor, Zy

In examjple 5, where a surface-hardened pinion is used with a through-hardened wheel, the calculatign
for Zw ig invoked and applied separately to the pinion and wheel, i.e. Zw1 = 1,0 for hard pinion arld
T
member|benefits from the work hardening effect. For all other cases where both gears are eithé¢r

Zw? is cqlculated in accordance‘with ISO 6336-2:2006, 13.2. This is due to the fact that only the softs

throughthardened or surfacé’hardened, then Zy1,2 = 1 for both pinion and wheel.

4.2.5 Determination of Rz

The detgrminatienof Rz from the as specified Ra values is determined by the approximation suggestegd

in ISO 6336-2:2006, 12.3.1.3.1, footnote 3, where Rz = 6 Ra.

4.2.6

)

For calculations involving double helical gears (such as example 7), and for the application of

[SO 6336-2:2006, Formula (35) the use of bg is to be used in place of b.

4.2.7 Calculation of &5 for double helical gears

For the calculation of eg for double helical gears, the value should apply for only one helix. For example
the value for face width, b, should be replaced with bg.

)

6 © IS0 2017 - All rights reserved
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4.2.8 Calculation of fypgs and fup

The calculation of fygs for use in the determination of the initial equivalent misalignment, Fgy, in
ISO 6336-1:2006, 7.5.2.3 is performed in accordance with ISO 1328-1 for accuracy grade 5 with the as
required rounding applied.

4.2.9 Helix tolerance fiiz5 and fyp for double helical gears

When calculating the helix deviation value fygs and fypg for double helical gears, the face width of one

h

elix should be used, i.e. bg

4

1]

W

4

o Qo T

q

2.10 Calculation of root diameter, dr

br all calculations presented within this document, the calculation of the root diameter) dy, is p¢
ith the nominal profile shift coefficient, x, and not the effective profile shift coefficient, xg.

2.11 Amendment to ISO 6336-3:2006, Formula (10) auxiliary value, F

In ISO 6336-3:2006, Formula (10), the symbol pgp should be replaced withpgpy.

2.12 Calculations for internal gears

br all calculations involving internal gears (example 6),-the input data uses negative v
ameters as defined in ISO 6336 series; however, it sheuld be noted that this is different
rminology of ISO 21771, which uses positive values.

rformed

hlues for
from the

© IS0 2017 - All rights reserved
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4.3 Example 1: Single helical case carburized gear pair
For example 1, input values and output values are given in Tables 2 and 3, respectively.

A full calculation description is provided in Annex A.

Table 2 — Example 1 input values

Type Description Unit Symbol Pinion Wheel
Geometry [Number of teeth — A 17 103
Normal module mm My 8,00
Normal pressure angle — a 20,00
Helix angle — B 15,80
Hand of helix — — Left Right
Face width (total) mm b 100,00 100,00
Gap width mm — 0 0
Edge chamfer mm — 0,00 0,00
Contact face width (total) mm Deff 100,00
Centre distance mm a 500,00
Span measurement mm Wx 38,196 307,943
Number of teeth spanned — k 2 13
Dimension between balls mm Mgk — —
Ball diameter mm Dy — —
Nominal profile shift coefficient — X 0,145 0,000
Generating profile shift coefficient (ref only) s+— XE (0,118) (-0,027)
Outside diameter mm dy 159,66 872,35
Basic rack dedendum coefficient — hgp/mp 1,400 1,400
Tip chamfer mm 0,00 0,00
Basic rack fillet root radius coefficient — PP/ My 0,39 0,39
As cut basic rack undercut, mm pr 0,00 0,00
Material allowance for(finishing mm q 0,00 0,00
Residual undercut (calculated - p;-q) mm Spr 0,00 0,00
Pinion cutter nuniber of teeth — Z0 — —
Pinion cuttef-profile shift (ref) — X0 — —
Flank figishing process — — As cut As cut
RootAfinishing process — — As cut As cut
Profile shift coefficient used for calculations |— — Nominal Nominal
x) x)
Tip relief um Cy 70
Quality  |ISO accuracy grade — — 5 5
Single pitch deviation pum Spt 8,0 9,5
Profile form deviation pum fta 10,0 12,0
Helix slope deviation pum fup 8,5 9,5
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) 1,0 (6,0)
Surface roughness - fillet Ra (Rz) pm — 3,0(18,0) {3,0(18,0)

8 © IS0 2017 - All rights reserved
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1010 cycles

Type Description Unit Symbol Pinion Wheel
Material |Material — — Eh Eh
Material quality — — MQ MQ
Case hardness — — 60 HRC 60 HRC
Core hardness — — 30 HRC 30 HRC
Young’s modulus N/mm?2 |E 206 000 206 000
Potsson’sratio v 6;3 873
Yield/proof stress N/mm2 |os/0¢.2 — = ~'¢\
Shot peen — — No q>: No
Limited pitting allowable — — No 0\6 © [No
Application |Application factor — Ka-a h@'u
Reverse bending — — (‘bd No
Favourable contact position — | “INo No
Helix modification (ISO 6336-1:2006, — " [None (No. 1)
Table 8) O
Dynamic factor, Ky, calculation method — k—\vJ Method B
Face loafi distribution factor, Kyg and Kgg, — Q _ Method C
calculation method O
Number of meshes ~ - NMm 1 1
Gear blank type s¢§ — Solid Solid
Web thickness ~D |mm bs — —
Inside diameter \A\'\ mm — — —
Number of webs ‘\\Q)\ — — — —
Arrangement (ISO 6336-1:209@ﬁgure 13) |— — a
Bearing span ﬁ\j?\' mm l 125,00 —
Bearing span offset (-.\\U mm s 0,00 —
External shaft diamet?'rl mm dsh 100,00 —
Internal shaft (ﬁ@;ter mm dshi 0,00 —
Equivalent nﬁs}a’ljignment pum fsh As Formula (57)
Mesh nps:%’nment um | fma As Formula (64)
MinWsafety factor pitting — SH min 1,00
M@ﬁ{lm safety factor tooth breakage — SF min 1,00
__\bubrication viscosity mm2/s  |vag 320
Loa%\) Torque kNm T1 9,000
&?‘ Speed rpm ny 360,0
c_) Required life hours — 50000
Life factor for contact stress, ZnT, at — — 0,85 0,85
1010 cycles
Life factor for tooth root stress, YnT, at — — 0,85 0,85
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Table 3 — Example 1 output values

Symbol Description Unit Pinion Gear

d Reference diameter mm 141,34 856,35
dy Tip diameter mm 159,66 872,35
dp Base circle diameter mm 132,20 800,97
drg Root diameter (based on x) mm 121,26 833,96
drf Root form diameter (based on x) mm 132,29 839,46
dnf Startofactive profitediameter TITITT 132592 845,23 -
dw Working pitch diameter mm 141,67 858,33 N\
Fi Tangential tooth load N 127 352 A >
KFa-B Transverse load factor (root stress) — 1,00 m\) ’
Kpp-c Face load factor (root stress) — 1,13 O\Q)'v
Kua-B Transverse load factor (contact stress) — 1,00 CA <

Kup-c Face load factor (contact stress) — 116 -

Kv-B Dynamic factor — 1,00,.\\\ )

SF Tooth root breakage safety factor — 1\%\} 1,98

SH Pitting safety factor — (J‘\LO\S 1,09

v Pitch line velocity m/s AQ 2,67

Ys Rim thickness factor — \Y% 1,00 | 1,00

YpT Deep tooth factor — \\\\ ) 1,00

Yr Tooth form factor OT\V 1,56 1,34

YNT Life factor for tooth root stress . LN e 0,89 0,92
YRrelT Relative surface factor . O.® — 0,96 0,96

Ys Stress correction factor AQ\V — 1,82 2,07

YsT Stress correction factor for refgrél&e gears |— 2,00

YX Size factor R — 0,97 0,97
YsrelT Relative notch sensitivity%a&or — 0,99 1,00

ZB Single pair tooth con@( factor, pinion — 1,00

Zp Helix angle factop-@%ing) — 1,02

ZD Single pair togﬂ}%ntact factor, wheel — 1,00

Zg Elasticity £ @r Ny [18981

Ze Cont/a@a"fio factor — 0,80

Zn Zone factor — 2,40

71 ‘_M‘rication factor — 1,05

ZNT e \Life factor for pitting stress — 0,91 | 0,96

ZR o_) N Roughness factor — 0,97

Zy Velocity factor — 0,97

Zw Work hardening factor — 1,00 | 1,00

Zx Size factor — 1,00

Eq Transverse contact ratio — 1,55

£ Overlap ratio — 1,08

£y Total contact ratio — 2,63

OF0 Nominal tooth root stress N/mm? 393 383

OF Tooth root stress N/mm? 444 434

OF lim Limiting tooth root stress N/mm?2 500 500
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Table 3 (continued)

ISO/TR 6336-30:2017(E)

deviations

Symbol Description Unit Pinion Gear
OFp Permissible tooth root stress N/mm?2 825 861
oy Contact stress N/mm?2 1302 1302
OH lim Limiting contact stress N/mm?2 1500 1500
OHO Nominal contact stress N/mm?2 1207
OHP Permissible contact stress N/mm?2 1338 | 1415
I ltCl Lucd;atc L,a‘u,u}at;Uu va}uca
HKy-g intermediate calculation values |
dva Mean value of mesh stiffness per unit face N/(mm-um) 17,5
width (used for Ky-, KHa-B, KFa-B)
d Maximum tooth stiffness per unit face width |[N/(mm-pm) |[12,4
(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width |kg/mm 0,067
referenced to the line of action
N Resonance ratio — 0,04
Hup-c intermediate calculation values
Qg Mean value of mesh stiffness per unit face N/(mm:um) |14,8
width (used for Kyg-c, Krg-)
fAho Shaft deformation under specific load { 0,012
Hpx Initial equivalent misalignment (before pum 32,3
running in)
Hpy Initial equivalent misalignment (after pum 27,5
running in)
W Running-in allowance for a gea@pair pum 0,668
W3 Running-in allowance (equivalent pum 4,9
misalignment)
fbb Transverse base pitchldeviation pum 8,9
Hq for Fpx — 52
fHps Tolerance onchelix slope deviation for ISO pum 9,5
accuracy gfade 5
fin Component of equivalent misalignment due |pm 14,7
to defermations of pinion and wheel shafts
fina Mesh misalignment due to manufacturing pum 12,7
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4.4 Example 2: Single helical through-hardened gear pair

For example 2, input values are given in Tables 4 and 5.

Table 4 — Example 2 input values

Type Description Unit Symbol |Pinion Wheel
Geometry |Number of teeth — z 17 103
Normal module mm My 8,00
Normal pressure angle — a 20,00
Helix angle — B 15,80 (\'\\
Hand of helix — — Lefts Right
Face width (total) mm b 100,00 "Blf) 00
Gap width mm — — ,\03
Edge chamfer mm — 0,00 (63 0,00
Contact face width (total) mm beft ],QQO'O
Centre distance mm a N \0,00
Span measurement mm Wy i \G,)‘ 38,196 307943
Number of teeth spanned — k 6\ 2 13
Dimension between balls mm (%K — —
Ball diameter mm \Q\i)M — —
Nominal profile shift coefficient —g\}\\ X 0,145 0,000
Generating profile shift coefficient (refonly) | XE (0,118) (-0,027)
Outside diameter . fmm da 159,66 872,35
Basic rack dedendum coefficient :\Q)\\‘ — hgp/my 1,250 1,250
Tip chamfer ~ |mm 0,00 0,00
Basic rack fillet root radius coefflq;h't — prp/mn 0,39 0,39
As cut basic rack undercut ,._\\v‘ mm pr 0,00 0,00
Material allowance for figishﬁ‘{g mm q 0,00 0,00
Residual undercut (ca}c\ﬁ\}ted - pr-q) mm Spr 0,00 0,00
Pinion cutter numl@'r)\ofteeth — 20 — —
Pinion cutter m@é shift (ref) — X0 — —
Flank finisl}élr}\@rocess — — As cut As cut
Root fil}j‘@'l"é process — — As cut As cut
Proﬁ%l’t coefficient used for calculations |— — Nominal (x) |Nominal (x
Tipxelief um Ca 70
Qualify ,<Q’§) accuracy grade — — 8 6
C_) Single pitch deviation pum Spt 23,0 14,0
Profile form deviation um fta 28,0 17,0
Helix slope deviation um SfHp 25,0 14,0
Surface roughness - flank Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
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Table 4 (continued)
Type Description Unit Symbol |Pinion Wheel
Material |Material — — \Y Vv
Material quality — — MQ MQ
Case hardness — — 310 HV 260 HV
Core hardness — — — —
Young’s modulus N/mm?2 |E 206 000 206 000
Potsson’sratio v 673 83
Yield/proof stress N/mm2 |os/oo,2 500,0 Ar@sd),o
Shot peen — — No q>) No
Limited pitting allowable — — No 0\6 ~ INo
Application |Application factor — Ka-a ]n(‘Q)'J

Reverse bending — — Gjbo’ No
Favourable contact position — — lO_VNo No
Helix modification (ISO 6336-1:2006, Table 8) |— — V" [None (No. 1)
Dynamic factor, Ky, calculation method — \("U Method B
Face load distribution factor, Kyg and Kgg, — ‘\\: Method C
calculation method s O
Number of meshes &5 > NMm 1 1
Gear blank type N — Solid Soljd
Web thickness ‘\\)‘ mm bs — —
Inside diameter ,&\‘0 mm — — —
Number of webs D - — — — —
Arrangement (ISO 6336-1:2006Afﬁgure 13) — — a
Bearing span xQO mm 1 125,00 —
Bearing span offset | (-\‘jr mm s 0,00 —
External shaft diamefe mm dsn 100,00 —
Internal shaft dAiasQ’eter mm dshi 0,00 —
Equivalent Q@%nment pum fsh 15,0
Mesh mi;zilggalment pum fma 5,0
Miniq@érgafety factor pitting — SH min 1,00
M}\l@\ﬁn safety factor tooth breakage — SF min 1,00

4 ication viscosity mm?2/s V40 320

Load Q?"l\"orque kNm T1 1,000
é Speed rpm np 360,0
&?“ Required life hours  |— 100 00
C_) Life factor for contact stress, Yy, at 1010 cycles | — — 0,85 0.86

Life factor for tooth root stress, YnT, at — — 0,85 0,85

1010 cycles
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Table 5 — Example 2 output values

Symbol Description Unit Pinion Gear
d Reference diameter mm 141,34 856,35
dy Tip diameter mm 159,66 872,35
dp Base circle diameter mm 132,20 800,97
dr (based on x) Root diameter mm 123,66 836,36
dpf (based on x) |Root form diameter mm 132,71 841,51
dnf Startofactive profitediameter TITITT 132592 845,23 -
dw Working pitch diameter mm 141,67 858,33 N\
Fi Tangential tooth load N 14 150 A >
KFa-B Transverse load factor (root stress) — 1,65 m\) ’
Kpp-c Face load factor (root stress) — 1,61 O\Q)'v
KHa-B Transverse load factor (contact stress) — 1,65 CA N
Kup-c Face load factor (contact stress) — 1,78 /Q.V

Kv-B Dynamic factor — 1,04,.\\\ )

SF Tooth root breakage safety factor — lh%u 4,60
SH Pitting safety factor — r@,§6 0,85

v Pitch line velocity m/s AQ V2,67

Ys Rim thickness factor — Q\) 1,00 1,00
YpT Deep tooth factor —“\\\ ) 1,00

Yr Tooth form factor - N 1,36 1,27
YNT Life factor for tooth root stress . \‘Q‘v— 0,92 0,95
YRrelT Relative surface factor . O.® — 0,96 0,96

Ys Stress correction factor AQ\V — 1,97 2,16
YsT Stress correction factor for refqr’&l%e gears |— 2,00

Yx Size factor R — 0,98 0,98
YsrelT Relative notch sensitivithor — 0,98 1,00
ZB Single pair tooth co@t factor, pinion — 1,00

Zp Helix angle factg@t\ting) — 1,02

ZD Single pair tqo's}l%ntact factor, wheel — 1,00

Zg Elasticit&\@or Nymm? [18981

Ze Con}q@’zﬁio factor — 0,80

Zy /Z\@e.‘f‘actor — 2,40

71 < rication factor — 1,09

ZNT ,(?*\ Life factor for pitting stress — 0,96 | 1,03
ZR o_) N Roughness factor — 0,79

Zy Velocity factor — 0,93

Zw Work hardening factor — 1,00 | 1,00
Zx Size factor — 1,00

Eq Transverse contact ratio — 1,55

£ Overlap ratio — 1,08

£y Total contact ratio — 2,63

OF0 Nominal tooth root stress N/mm? 41 42

OF Tooth root stress N/mm? 114 116

OF lim Limiting tooth root stress N/mm?2 319 298
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deviations

Table 5 (continued)

Symbol Description Unit Pinion Gear
OFp Permissible tooth root stress N/mm?2 545 535
oy Contact stress N/mm?2 703 703
OH lim Limiting contact stress N/mm?2 780 714
OHO Nominal contact stress N/mm?2 402
OHP Permissible contact stress N/mm? 603 | 599
I ltCl Lucd;atc L,a‘u,u}at;Uu va}uca
HKy-g intermediate calculation values |
dva Mean value of mesh stiffness per unit face  |N/(mm-pm) |18,9

width (used for Ky-B, KHa-B, KFa-B)
d Maximum tooth stiffness per unit face width |[N/(mm-pm) |13,4

(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width |kg/mm 0,069

referenced to the line of action
N Resonance ratio — 0,04
Hup-c intermediate calculation values
Qg Mean value of mesh stiffness per unit face  |N/(mm+wum) |16,1

width (used for Kyg-c, Krg-c)
fAho Shaft deformation under specific load pm —
Hpx Initial equivalent misalignment (before pum 25,0

running in)
Hpy Initial equivalent misalignment (aftet: pum 14,2

running in)
Wy Running-in allowance for a ged¥;pair pum 4,61
W3 Running-in allowance (equivalent pum 10,7

misalignment)
fbb Transverse base pitch.deviation pum —
Hq for Fpx — 52
fHps Tolerance on.helix slope deviation for ISO pm —

accuracy grade 5
fin Component of equivalent misalignment due |pm —

to deformations of pinion and wheel shafts
fha Mesh misalignment due to manufacturing |pum —

© IS0 2017 - All rights reserved
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4.5 Example 3: Spur through-hardened gear pair

For example 3, input values and output values are given in Tables 6 and 7, respectively.

Table 6 — Example 3 input values

Type Description Unit Symbol |Pinion Wheel
Geometry |Number of teeth — z 17 108
Normal module mm mp 8,00
Normal pressure angle — a 20,00 A
Helix angle — B 0,00 N*
Hand of helix — — Left Right |~
Face width (total) mm b 100,00 ‘.19b\0’0
Gap width mm — 000 600
Edge chamfer mm — 0,00 (63 0,00
Contact face width (total) mm beff 100,
Centre distance mm a 5@0@6
Span measurement mm Wk i 5:9728 283,000
Number of teeth spanned — k- 6\ 2 12
Dimension between balls mm 1\@1‘(( — —
Ball diameter mm N @1\}/ — —
Nominal profile shift coefficient — &\}\\ X 0,100 -0,100
Generating profile shift coefficient (ref only) |— ( XE (0,073) (-0,127)
Outside diameter | d, 153,60 878,40
Basic rack dedendum coefficient :\Q)“ — hgp/my 1,250 1,250
Tip chamfer A |mm = 0,00 0,00
Basic rack fillet root radius coeffic;{gg}'v — prp/my 0,45 0,40
As cut basic rack undercut ,.:\\v‘ mm pr 0,000 0,000
Material allowance for finishiﬁgj mm q 0,000 0,000
Residual undercut (cal;@\%d - pr-q) mm Spr 0,000 0,000
Pinion cutter numbef (}P{eeth — Z0 — —
Pinion cutter plp@ shift (ref) — X0 — —
Flank finishi&@ocess — — As cut As cut
Root fini ~/process — — As cut As cut
Profileshift coefficient used for calculations — Nominal (x) |Nominal (x)
Tip-relief pm Ca 70
Qualitly @accuracy grade — — 8 6
C_) ingle pitch deviation pum Spt 23,0 14,0
Profile form deviation um ffa 28,0 17,0
Helix slope deviation um fup 25,0 14,0
Surface roughness - flank Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
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Table 6 (continued)
Type Description Unit Symbol |Pinion Wheel
Material |Material — — Vv Vv
Material quality — — MQ MQ
Case hardness — — 310 HV 260 HV
Core hardness — — — —
Young’s modulus N/mm?2 |E 206 000 206 000
Yield/proof stress N/mm2 |os/op2 |500,0 5@‘}0
Shot peen — — No !
Limited pitting allowable — — No 0\6 “INo
Application |Application factor — Ka-p 1,009"@'“
Reverse bending — — No' < No
Favourable contact position — — | ;N,‘(}J No
Helix modification (ISO 6336-1:2006, — — - [None (No. 1)
Table 8) Q)
Dynamic factor ,K,, calculation method — k—\vJ Method B
Face loafi distribution factor, Ky and Kgg, — Q _ Method C
calculation method
Number of meshes — v Ny 1 1
Gear blank type s\\}\\ — Solid Solid
Web thickness ~D |mm bs — —
Inside diameter \A\'\ mm — — —
Number of webs ‘\\Q)\ — — — —
Arrangement (ISO 6336—1:209@5?}gure 13) |— — a
Bearing span ﬁ\j?\' mm 1 100,0 —
Bearing span offset (-.\\U mm s 0,00 —
External shaft diaglet,?i‘/ mm dsh 100,00 —
Internal shaft g—i@zter mm dshi 0,00 —
Equivalent n@s}a’ljignment pm fsh As Formula (57)
Mesh n;js:&'nment um fma As Formula (64)
MinWsafety factor pitting — SH min 1,00
M@f{lm safety factor tooth breakage — SF min 1,00
__\[bubrication viscosity mm2/s  |vag 320
Loa%\) Torque kNm T1 1,000
&?‘ Speed rpm ny 360,0
c_) Required life hours — 10 000
Life factor for contact stress, ZnT, at — — 0,85 0,85
1010 cycles
Life factor for tooth root stress, YnT, at — — 0,85 0,85
1010 cycles
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Table 7 — Example 3 output values

Symbol Description Unit Pinion Gear

d Reference diameter mm 136,00 864,00
dy Tip diameter mm 153,60 878,40
dp Base circle diameter mm 127,80 811,89

dr (based onx) |Rootdiameter mm 117,60 842,40
drf (based on x) |Root form diameter mm 127,97 84796
dnf Startofactive profitediameter TITTIT 12798 85t5% -
A Working pitch diameter mm 136,00 864,00 N\
Fi Tangential tooth load N 14706 A >
KFa-B Transverse load factor (root stress) — 1,26 m\) ’
Kpp-c Face load factor (root stress) — 1,76 O\Q)'v
Kua-B Transverse load factor (contact stress) — 1,26 CA <

Kup-c Face load factor (contact stress) — 1,99 /Q.V

Kv-B Dynamic factor — 1,05\\\ )

SF Tooth root breakage safety factor — 4 4,62

SH Pitting safety factor — &\@73 0,79

v Pitch line velocity m/s AQ 2,56

Ys Rim thickness factor — \Y% 1,00 | 1,00

YpT Deep tooth factor T\\\\ ) 1,00

Yr Tooth form factor - N 1,43 1,29

YNT Life factor for tooth root stress . \\,Q — 0,92 0,95
YRrelT Relative surface factor . O.® — 0,96 0,96

Ys Stress correction factor AQ\V — 1,86 2,09

YsT Stress correction factor for ref\qréh‘c’e gears |— 2,00

Yx Size factor R — 0,98 0,98
YsrelT Relative notch sensitivity(ﬂa%\tor — 0,98 0,99

73 Single pair tooth cor@t factor, pinion — 1,09

Zg Helix angle factop-ép}c}cing) — 1,00

ZD Single pair topt-khc'{)ntact factor, wheel — 1,00

Zg Blasticity £ f@or Ny | 18981

Ze Cont atio factor — 0,88

Zn Zone factor — 2,49

71 ‘_‘Mrication factor — 1,09

ZNT ,(?:'Life factor for pitting stress — 0,96 | 1,03

ZR o_) N Roughness factor — 0,79

Zy Velocity factor — 0,93

Zw Work hardening factor — 1,00 | 1,00

Zx Size factor — 1,00

Eq Transverse contact ratio — 1,66

£ Overlap ratio — 0,00

£y Total contact ratio — 1,66

OF0 Nominal tooth root stress N/mm?2 49 50

OF Tooth root stress N/mm?2 113 115

OF lim Limiting tooth root stress N/mm?2 319 298

18 © IS0 2017 - All rights reserved



https://standardsiso.com/api/?name=a669d9cffbc1abade523978d61f45cdf

ISO/TR 6336-30:2017(E)

deviations

Table 7 (continued)
Symbol Description Unit Pinion Gear
OFp Permissible tooth root stress N/mm?2 541 533
oy Contact stress N/mm?2 827 758
OH lim Limiting contact stress N/mm?2 780 714
OHO Nominal contact stress N/mm?2 468
OHP Permissible contact stress N/mm?2 600 | 599
I ltCl Lucd;atc L,a‘u,u}at;Uu va}uca
HKy-g intermediate calculation values |
dva Mean value of mesh stiffness per unit face N/(mm-um) |20,1
width (used for Ky-B, KHa-B, KFa-B)
d Maximum tooth stiffness per unit face width [N/(mm-um) |13,5
(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width  |kg/mm 0,062
referenced to the line of action
N Resonance ratio — 0,04
Hup-c intermediate calculation values
Qg Mean value of mesh stiffness per unit face N/(mmarpum) |17,1
width (used for Kyg-c, Krg-c)
fAho Shaft deformation under specific load pn 0,012
Hpx Initial equivalent misalignment (before pum 31,2
running in)
Hpy Initial equivalent misalignment (after pm 17,8
running in)
W Running-in allowance for a gea?pair pm 4,63
W3 Running-in allowance (equivalent pm 13,4
misalignment)
fbb Transverse base pitchidéeviation pum 21,6
Hq for Fpx — 52
fHps Tolerance on:helix slope deviation for ISO pum 9,5
accuracy grade 5
fin Component of equivalent misalignment due |pm 19
to deformations of pinion and wheel shafts
fha Mesh misalignment due to manufacturing pum 28,7
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4.6 Example 4: Spur case carburized gear pair

For example 4, input values and output values are given in Tables 8 and 9, respectively.

Table 8 — Example 4 input values

Type Description Unit Symbol |Pinion Wheel
Geometry |Number of teeth — z 17 108
Normal module mm My 8,00
Normal pressure angle — a 20,00 A
Helix angle — B 0,00 (\'\\
Hand of helix — — Left Right |/
Face width (total) mm b 100,00 .léjb\do
Gap width mm — 000 04000
Edge chamfer mm — 0,00 (63 0,00
Contact face width (total) mm beff 100,
Centre distance mm a 5@‘0&(\)
Span measurement mm Wx i :‘:97728 283,000
Number of teeth spanned — k| 6\ 2 12
Dimension between balls mm Il{mx — —
Ball diameter mm N ‘@1\}/ — —
Nominal profile shift coefficient — g\}\\ X 0,100 -0,100
Generating profile shift coefficient (ref only) |— ( XE (0,073) (-0,127)
Outside diameter | d, 154,60 878,40
Basic rack dedendum coefficient :\Q)“ — hgp/my 1,400 1,400
Tip chamfer A |mm [ 0,00 0,00
Basic rack fillet root radius coeffic;{@}’v — prp/mp 0,39 0,39
As cut basic rack undercut ,.:\\v‘ mm pr 0,000 0,000
Material allowance for finishih{f mm q 0,000 0,000
Residual undercut (calg@%d - pr-q) mm Spr 0,000 0,000
Pinion cutter numbef (}P{eeth — 20 — —
Pinion cutter pI,'Q@ shift (ref) — X0 — —
Flank finishi&@ocess — — As cut As cut
Root fini ~/process — — As cut As cut
Profileshift coefficient used for calculations |— Nominal (x) |Nominal (x)
Tiprelief pm Ca 70
Qualitly ws\accuracy grade — — 5 5
C_) ingle pitch deviation pum fpt 8,0 9,5
Profile form deviation pum fta 10,0 12,0
Helix slope deviation um SfHp 8,5 9,5
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) 1,0 (6,0)
Surface roughness - fillet Ra (Rz) pum 3,0 (18,0) 3,0 (18,0)
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1010 cycles

Table 8 (continued)
Type Description Unit Symbol |Pinion Wheel
Material |Material — — Eh Eh
Material quality — — MQ MQ
Case hardness — — 60 HRC 60 HRC
Core hardness — — 30 HRC 30 HRC
Young’s modulus N/mm?2 |E 206 000 206 000
Yield/proof stress N/mm?2 |os/og2 |— —<\
Shot peen — — No !
Limited pitting allowable — — No 0\6 “INo
Application |Application factor — Ka-a 1,009"@”’
Reverse bending — — Np’:b‘) No
Favourable contact position — — | )NBJ No
Helix modification (ISO 6336-1:2006, — — . “[None (No. 1)
Table 8) Q)
Dynamic factor, K, calculation method — k—\vJ Method B
Face loafi distribution factor, Kyg and Kgg, — Q _ Method C
calculation method O
Number of meshes — - NMm 1 1
Gear blank type s\\p — Solid Solid
Web thickness ~D |mm bs — —
Inside diameter \A\'\ mm — — —
Number of webs ‘\\Q)\ — — — —
Arrangement (ISO 6336-1:20§@’ﬁgure 13) |— — a
Bearing span ﬁ\j?\' mm l 100,0 —
Bearing span offset (-.\\U mm s 0,00 —
External shaft diame'@i‘/ mm dsh 100,00 —
Internal shaft (}i@\eter mm dshi 0,00 —
Equivalent n@'{ignment pum fsh As Formula (57)
Mesh n}j@hment um fma As Formula (64)
MinWsafety factor pitting — SH min 1,00
M)@ﬁﬁm safety factor tooth breakage — SF min 1,00
__\[bubrication viscosity mm2/s  |vag 320
Loa%\) Torque kNm T1 9,000
&?‘ Speed rpm np 360,0
c_) Required life hours — 50000
Life factor for contact stress, ZnT, at — — 0,85 0,85
1010 cycles
Life factor for tooth root stress, YnT, at — — 0,85 0,85
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Table 9 — Example 4 output values

Symbol Description Unit Pinion Gear

d Reference diameter mm 136,00 864,00
dy Tip diameter mm 153,60 878,40
dp Base circle diameter mm 127,80 811,89
drg Root diameter (based on x) mm 115,20 840,00
drf Root form diameter (based on x) mm 127,80 845,87
dnf Startofactive profitediameter TITITT 12798 85100 -
A Working pitch diameter mm 136,00 864,00 N
Fi Tangential tooth load N 132353 A >
KFa-B Transverse load factor (root stress) — 1,00 m\) ’
Kpp-c Face load factor (root stress) — 1,14 O\Q)'v
Kua-B Transverse load factor (contact stress) — 1,00 CA <

Kup-c Face load factor (contact stress) — 1,18 -

Kv-B Dynamic factor — 1,01,.\\\ )

SF Tooth root breakage safety factor — 1\@\} 1,68

SH Pitting safety factor — <§,£§ 0,93

v Pitch line velocity m/s AQ 2,56

Ys Rim thickness factor — \Y% 1,00 | 1,00

YpT Deep tooth factor — \\\\ ) 1,00

Yr Tooth form factor OT\V 1,69 1,32

YNT Life factor for tooth root stress . LN e 0,89 0,92
YRrelT Relative surface factor . O.® — 0,96 0,96

Ys Stress correction factor AQ\V — 1,75 2,04

YsT Stress correction factor for refgrél&e gears |— 2,00

Yx Size factor R — 0,97 0,97
YsrelT Relative notch sensitivity%a&or — 0,99 1,00

73 Single pair tooth con@( factor, pinion — 1,07

Zg Helix angle factop-@%ing) — 1,00

ZD Single pair togﬂ}%ntact factor, wheel — 1,00

Zg Elasticity £ @r Ny [18981

Ze Cont/a@a"fio factor — 0,88

Zn Zone factor — 2,49

71 ‘_M‘rication factor — 1,05

ZNT e \Life factor for pitting stress — 0,91 | 0,96

ZR o_) N Roughness factor — 0,96

Zy Velocity factor — 0,97

Zw Work hardening factor — 1,00 | 1,00

Zx Size factor — 1,00

Eq Transverse contact ratio — 1,70

£ Overlap ratio — 0,00

£y Total contact ratio — 1,70

OF0 Nominal tooth root stress N/mm? 490 446

OF Tooth root stress N/mm? 562 512

OF lim Limiting tooth root stress N/mm?2 500 500
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deviations

Table 9 (continued)

Symbol Description Unit Pinion Gear
OFp Permissible tooth root stress N/mm?2 823 860
oy Contact stress N/mm?2 1620 1515
OH lim Limiting contact stress N/mm?2 1500 1500
OHO Nominal contact stress N/mm?2 1392
OHP Permissible contact stress N/mm?2 1335 | 1412
I ltCl Lucd;atc L,a‘u,u}at;Uu va}uca
Ky.p intermediate calculation values |
dva Mean value of mesh stiffness per unit face N/(mm-um) |18,9

width (used for Ky-, KHa-B, KFa-B)
d Maximum tooth stiffness per unit face width |[N/(mm-pm) |[12,4

(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width |kg/mm 0,06%

referenced to the line of action
N Resonance ratio — 0,04
Hup-c intermediate calculation values
Qg Mean value of mesh stiffness per unit face N/(mmsum) |16,1

width (used for Kyg-c, Kgg-c)
fAho Shaft deformation under specific load { 0,012
Hpx Initial equivalent misalignment (before pum 34,7

running in)
Hpy Initial equivalent misalignment (after pum 29,5

running in)
W Running-in allowance for a gea@pair pum 0,67
W3 Running-in allowance (equivalent pum 5,2

misalignment)
fbb Transverse base pitchldeviation pum 8,9
Hq for Fpx — 52
fHps Tolerance onchelix slope deviation for ISO pum 9,5

accuracy gfade 5
fin Component of equivalent misalignment due |pm 16,5

to defermations of pinion and wheel shafts
fina Mesh misalignment due to manufacturing pum 12,7
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4.7 Example 5: Spur gear pair with an induction hardened pinion and through-
hardened cast gear

For example 5, input values and output values are given in Tables 10 and 11, respectively.

Table 10 — Example 5 input values

Type Description Unit Symbol |Pinion Wheel

Geometry [Number of teeth — z 27 192
Normal module mm Mn 372,00
Normal pressure angle — a 20,00
Helix angle — B 0,00
Hand of helix — — — —
Face width (total) mm b 500,00 500,00
Gap width mm — 0,00 0,00
Edge chamfer mm — 0,00 0,00
Contact face width (total) mm beff 500,00
Centre distance mm a 3504,00
Span measurement mm Wy 247771 2 022,148
Number of teeth spanned — k 3 21
Dimension between balls mm Mgk — —
Ball diameter mim. Dy — —
Nominal profile shift coefficient — X 0,000 0,000
Generating profile shift coefficient (ref only) , == XE (-0,023) (-0,023)
Outside diameter mm d, 928,00 6 208,00
Basic rack dedendum coefficient — hgp/my 1,250 1,250
Tip chamfer mm 0,00 0,00
Basic rack fillet root radius coeffieient — prp/mp 0,39 0,39
As cut basic rack undercut mm pr 0,000 0,000
Material allowance for finishing mm q 0,000 0,000
Residual undercut (¢aledlated - pr-q) mm Spr 0,000 0,000
Pinion cutter number of teeth — z0 — —
Pinion cutter profile shift (ref) — X0 — —
Flank finishing process — — As cut As cut
Root finishing process — — As cut As cut
Profile shift coefficient used for calculations |— — Nominal (x) [Nominal (x)
Tip relief pm Cy 0

QualityC~ [1SO accuracy grade — — 6 9

Single pitch deviation um Spt 24,0 94,0
Base pitch deviation um fpb — —
Profile form deviation um fta 27,0 115,0
Helix slope deviation pm fH[; 21,0 76,0
Surface roughness - flank Ra (Rz) um — 2,5 (15,0) 3,0 (18,0)
Surface roughness - fillet Ra (Rz) um — 3,0 (18,0) 3,0 (18,0)
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1010 cycles

Table 10 (continued)
Type Description Unit Symbol |Pinion Wheel
Material |Material — — IF St (cast)
Material quality — — ML MQ
Case hardness — — 550 HV 200 HBW
Core hardness — — 166 HV
Young’s modulus N/mm?2 |E 206 000 202 000
Yield/proof stress N/mm?2 |os/00 2 i A@?,O
Shot peen — No ‘(]}No
Limited pitting allowable — — No 0\6 “[No
Application |Application factor — Ka-a 1,9_@”’
Reverse bending — — .Iﬁb‘) No
Favourable contact position — — | No No
Helix modification (ISO 6336-1:2006, Table 8) |— — % [None (No. 1)
Dynamic factor, K, calculation method — \6-)\) Method B
Face load distribution factor, Kyg and Kgg, — ‘\y Method C
calculation method s O
Number of meshes A > NMm 1 1
Gear blank type ‘\\x — Solid Solig
Web thickness ‘\\) mm bs — —
Inside diameter ,&\‘0 mm — — —
Number of webs D - — — — —
Arrangement (ISO 6336-1:20063{@1re 13) — — a
Bearing span xQO mm 1 1000,00 —
Bearing span offset | (-\‘jr mm s 0,00 —
External shaft diameten® mm dsn 400,00 —
Internal shaft dif\ﬂét»er mm dshi 0,00 —
Equivalent r@(ail%‘nment pum fsh As Formula (57)
Mesh mis,ali&.n’ment pum fma As Formula (64)
Minirr}@s‘!afety factor pitting — SH min 1,00
M}Q@B’q safety factor tooth breakage — SF min 1,00
ication viscosity mm?2/s V40 160
Load QY”r‘orque kNm T 120,000
é Speed rpm nq 200,0
&?“ Required life hours  |— 25000
C_) Life factor for contact stress, Zyt, at 1010 cycles | — — 0,85 0,85
Life factor for tooth root stress, YnT, at — — 0,85 0,85
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Table 11 — Example 5 output values

Symbol Description Unit Pinion Gear

d Reference diameter mm 864,00 6 144,00
dy Tip diameter mm 928,00 6 208,00
dp Base circle diameter mm 811,89 5773,47
drg Root diameter (based on x) mm 784,00 6 064,00
drf Root form diameter (based on x) mm 819,26 6 082,93
dnf Startofactive profitediameter TITITT 820;02 609307 -
dw Working pitch diameter mm 864,00 6144,00 N
Fi Tangential tooth load N 277778 q>')
KFa-B Transverse load factor (root stress) — 1,45 m\) ’
Kpp-c Face load factor (root stress) — 1,49 O\Q)'v
Kua-B Transverse load factor (contact stress) — 1,34 CA <

Kup-c Face load factor (contact stress) — 159 | -

Kv-B Dynamic factor — 1,30,.\\\ )

SF Tooth root breakage safety factor — ZKU)V 1,56

SH Pitting safety factor — 5&,??6 0,52

v Pitch line velocity m/s AQ 9,05

Ys Rim thickness factor — Q\) 1,00 | 1,00

YpT Deep tooth factor — \\\\ ) 1,00

Yr Tooth form factor OT\V 1,28 1,12

YNT Life factor for tooth root stress . LN e 0,91 0,95
YRrelT Relative surface factor . O.® — 0,96 0,98

Ys Stress correction factor AQ\V — 1,97 2,33

YsT Stress correction factor for refgrél&e gears |— 2,00

Yx Size factor R — 0,80 0,85
YsrelT Relative notch sensitivity%a&or — 0,99 1,00

ZB Single pair tooth con@( factor, pinion — 1,06

Zg Helix angle factop-@%ing) — 1,00

ZD Single pair togﬂ}%ntact factor, wheel — 1,00

Zg ElasticityO\ @r N mm? |188:88

Ze Con?@a?io factor — 0,86

Zy Z/Qm‘ffactor — 2,49

71 VM}ication factor — 0,99

IZNT &?“Life factor for pitting stress — 0,95 | 1,01

ZR o_) ) Roughness factor — 0,88

Zy Velocity factor — 0,99

Zw Work hardening factor — 1,00 | 1,05

VA Size factor — 1,00

Eq Transverse contact ratio — 1,77

&g Overlap ratio — 0,00

gy Total contact ratio — 1,77

OF0 Nominal tooth root stress N/mm?2 44 45

OF Tooth root stress N/mm? 123 126

OF lim Limiting tooth root stress N/mm?2 244 125
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deviations

Table 11 (continued)

Symbol Description Unit Pinion Gear
OFp Permissible tooth root stress N/mm?2 340 197
oy Contact stress N/mm?2 612 579
OH lim Limiting contact stress N/mm?2 1009 328
OHO Nominal contact stress N/mm?2 348
OHP Permissible contact stress N/mm?2 830 | 304
I ltCl Lucd;atc L,a‘u,u}at;Uu va}uca
Ky-g intermediate calculation values |
dva Mean value of mesh stiffness per unit face N/(mm-um) |22,4

width (used for Ky-, KHa-B, KFa-B)
d Maximum tooth stiffness per unit face width |[N/(mm-pm) |14,2

(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width |kg/mm 2,45%

referenced to the line of action
N Resonance ratio — 0,19
Hup-c intermediate calculation values
Qg Mean value of mesh stiffness per unit face N/(mmsum) 19,1

width (used for Kyg-c, Kgg-c)
fAho Shaft deformation under specific load { 0,008
Hpx Initial equivalent misalignment (before pum 86,2

running in)
Hpy Initial equivalent misalignment (after pum 44,2

running in)
W Running-in allowance for a gea@pair pum 21,00
W3 Running-in allowance (equivalent pum 42,0

misalignment)
fbb Transverse base pitchldeviation pum 88,3
Hq for Fpx — 52
fHps Tolerance onchelix slope deviation for ISO pum 19,0

accuracy gfade 5
fin Component of equivalent misalignment due |pm 5,6

to defermations of pinion and wheel shafts
fina Mesh misalignment due to manufacturing pum 78,8
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4.8 Example 6: Spur internal through-hardened gear pair

For example 6, input values and output values are given in Tables 12 and 13, respectively.

Table 12 — Example 6 input values

Type Description Unit Symbol |Pinion Wheel
Geometry |Number of teeth — z 15 -99
Normal module mm mp 12,00
Normal pressure angle — a 20,00
Helix angle — B 0,00 (\'\\
Hand of helix — — — -~V
Face width (total) mm b 125,00 ) 1?3?60
Gap width mm — 0,00 06,00
Edge chamfer mm — 0,00 (63 0,00
Contact face width (total) mm bef 125,{@‘
Centre distance mm a ,\00
Span measurement mm Wk i 3?3’,161 —
Number of teeth spanned — k- 6\ 2 —
Dimension between balls mm Mni( — 1154,900
Ball diameter mm q }4’ — 21,60
Nominal profile shift coefficient — k\>\\ X 0,323 0,000
Generating profile shift coefficient (ref only) |—( XE (0,305) (-0,018)
Outside diameter _{mm da 211,75 -1166,00
Basic rack dedendum coefficient :\Q)\\ — hgp/my 1,250 1,250
Tip chamfer ~ |mm 0,00 0,00
Basic rack fillet root radius coefﬁ@l\t’v — Pfp/Mn 0,39 0,00
As cut basic rack undercut ,.:\\v‘ mm pr 0,000 0,000
Material allowance for fin‘i‘shi.hﬁ mm q 0,000 0,000
Residual undercut (cal;@@t\ed - pr-q) mm Spr 0,000 0,000
Pinion cutter number ;‘F{eeth — Z0 — 20
Pinion cutter p;(@’shift (ref) — X0 — 0,00
Flank finishéggocess — — As cut As cut
Root fini/i@g/process — — As cut As cut
Profileshift coefficient used for calculations |— — Nominal (x) |Nominal (x)
Tiprelief um Ca 70
Qualify ?é accuracy grade — — 6 8
C_) \Single pitch deviation um Spt 13,0 34,0
Profile form deviation um ffa 17,0 44,0
Helix slope deviation um fup 12,0 29,0
Surface roughness - flank Ra (Rz) pum — 1,0 (6,0) 3,0 (18,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
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Table 12 (continued)
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Type Description Unit Symbol |Pinion Wheel
Material |Material — — \ \Y
Material quality — — MQ MQ
Case hardness various |— 310 HV 260 HV
Core hardness various |— — —
Young’s modulus N/mm?2 |E 206 000 206 000
Yield/proof stress N/mm?2 |os/002 500,0 _?0':(}7(
Shot peen — — No ’q‘ 0
Limited pitting allowable — — No 0\6 "INo
Application |Application factor — Ka-p 1,3 T
Reverse bending — — 1o < No
Favourable contact position — — loﬁbj No
Helix modification (ISO 6336-1:2006, — — . [None (No. 1)
Table 8) Q)
Dynamic factor, K, calculation method — kXJ Method B
Face loa_d distribution factor, Kyp and Kgg, — Q D Method C
calculation method O
Number of meshes é{ v Nu 1 1
Gear blank type s\\’}: — Solid Solid
Web thickness ~D |mm bs — —
Inside diameter \A\'\ mm — — —
Number of webs ‘\\Q)\ — — — —
Arrangement (ISO 6336-1:20&6’?x1gure 13) |— — a
Bearing span ﬁ\j?\' mm l 200,0 —
Bearing span offset (-.\\U mm s 0,00 —
External shaft dia{ne'g\e'r/ mm dsh 100,00 —
Internal shaft ﬁi@\\eter mm dshi 0,00 —
Equivalent I@;\a'fignment pum fsh As Formula (57)
Mesh n}ji@g:nment pum fma As Formula (64)
Minw safety factor pitting — SH min 1,00
@ﬁ’um safety factor tooth breakage — SF min 1,00
| JLubrication viscosity mm2/s  |vag 320
Loa%\) Torque kNm T1 1,000
&?‘ Speed rpm ny 360,0
c_) Required life hours — 10 000
Life factor for contact stress, Zn, at — — 0,85 0,85
1010 cycles
Life factor for tooth root stress, YnT, at — — 0,85 0,85
1010 cycles
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Table 13 — Example 6 output values

Symbol Description Unit Pinion Gear

d Reference diameter mm 180,00 -1 188,00
dy Tip diameter mm 211,75 -1166,00
dp Base circle diameter mm 169,15 -1116,36
drg Root diameter (based on x) mm 157,75 -1 218,00
drf Root form diameter (based on x) mm 169,77 -1212,30
dnf Startofactive profitediameter TITITT 169,96 =1+202;89 -
dw Working pitch diameter mm 178,57 -1 178,57{\&\
Fi Tangential tooth load N 11111 q>')
KFa-B Transverse load factor (root stress) — 1,38 m\) ’
Kpp-c Face load factor (root stress) — 1,92 O\Q)'v
KHa-B Transverse load factor (contact stress) — 1,24 CA N

Kup-c Face load factor (contact stress) — 2,28 -

Kv-B Dynamic factor — 1,12,\\\ )

SF Tooth root breakage safety factor — 6@%\} 5,37

SH Pitting safety factor — 6&1\4 1,14

v Pitch line velocity m/s AQ 3,39

Ys Rim thickness factor — \Y% 1,00 | 1,00

YpT Deep tooth factor — \\\\ ) 1,00

Yr Tooth form factor OT\V 1,31 1,18

YNT Life factor for tooth root stress . LN e 0,92 0,95
YRrelT Relative surface factor . O.® — 0,96 0,96

Ys Stress correction factor AQ\V — 2,08 3,14

YsT Stress correction factor for refgrél&e gears |— 2,00

Yx Size factor R — 0,96 0,96
YsrelT Relative notch sensitivity%a&or — 0,99 1,05

73 Single pair tooth con@( factor, pinion — 1,01

Zg Helix angle factop-@%ing) — 1,00

ZD Single pair togﬂ}%ntact factor, wheel — 1,00

Zg ElasticityO\ @r N mm? (18981

Ze Con?@a?io factor — 0,9

7y ngﬁactor — 2,59

71 . rication factor — 1,09

IZNT &?“Life factor for pitting stress — 0,96 | 1,03

ZR o_) ) Roughness factor — 0,86

Zy Velocity factor — 0,95

Zw Work hardening factor — 1,00 | 1,00

VA Size factor — 1,00

Eq Transverse contact ratio — 1,57

&g Overlap ratio — 0,00

gy Total contact ratio — 1,57

OF0 Nominal tooth root stress N/mm?2 20 27

OF Tooth root stress N/mm? 78 105

OF lim Limiting tooth root stress N/mm?2 319 298

30 © IS0 2017 - All rights reserved



https://standardsiso.com/api/?name=a669d9cffbc1abade523978d61f45cdf

Table 13 (continued)
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deviations

Symbol Description Unit Pinion Gear
OFp Permissible tooth root stress N/mm?2 535 566
oy Contact stress N/mm?2 583 579
OH lim Limiting contact stress N/mm?2 780 714
OHO Nominal contact stress N/mm?2 286
OHP Permissible contact stress N/mm?2 662 | 660
I ltCl Lucd;atc L,a‘u,u}at;Uu va}uca
Ky-g intermediate calculation values |
dya Mean value of mesh stiffness per unit face N/(mm-um) [20,8
width (used for Ky-, KHa-B, KFa-B)
d Maximum tooth stiffness per unit face width |[N/(mm-pm) |14,6
(single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face width |kg/mm 0,125
referenced to the line of action
N Resonance ratio — 0,04
Hup-c intermediate calculation values
Qg Mean value of mesh stiffness per unit face N/(mpmsum) |17,7
width (used for Kyg-c, Kgg-c)
fAho Shaft deformation under specific load { 0,011
Hpx Initial equivalent misalignment (before pum 33,3
running in)
Hpy Initial equivalent misalignment (after pum 19,0
running in)
W Running-in allowance for a gea@pair pum 6,84
W3 Running-in allowance (equivalent pum 14,3
misalignment)
fbb Transverse base pitchldeviation pum 31,9
Hq for Fpx — 52
fHps Tolerance onchelix slope deviation for ISO pum 10,0
accuracy gfade 5
fin Component of equivalent misalignment due |pm 1,4
to defermations of pinion and wheel shafts
fina Mesh misalignment due to manufacturing pum 31,4
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4.9 Example 7: Double helical through-hardened gear pair

For example 7, input values and output values are given in Tables 14 and 15, respectively.

Table 14 — Example 7 input values

Type Description Unit Symbol |Pinion Wheel
Geometry |Number of teeth — z 86 429
Normal module mm mp 1,693 3 (15 DP)
Normal pressure angle — a 20,00
helix angle — B 18,31
Hand of helix — — Double helical
Face width (total) mm b 165,1 1651
(82,55 x 2) (82,55 x 2)
Gap width mm — 50,80 50,80
Edge chamfer mm — 0,00 0,00
Contact face width (total) mm — 165,1 (82,55 x 2)
Centre distance mm a 460,38
Span measurement mm Wk 60,068 289,367
Number of teeth spanned — k 12 56
Dimension between balls mm Mdx — —
Ball diameter mm DM — —
Nominal profile shift coefficient — X 0,3615 0,2863
Generating profile shift coefficient (ref only) |-< XE (0,186 1) (0,110 4)
Outside diameter mm da 157,99 769,52
Basic rack dedendum coefficient — hfp/mp 1,250 1,250
Tip chamfer mm 0,00 0,00
Basic rack fillet root radius coefficient — prp/mn 0,38 0,38
As cut basic rack undercut mm pr 0,000 0,000
Material allowance for finishing mm q 0,000 0,000
Residual undercut (caleulated - pr-q) mm Spr 0,000 0,000
Pinion cutter number of teeth — A — —
Pinion cutter profile shift (ref) — X0 — —
Flank finishing process — — As cut As cut
Root finishing process — — As cut As cut
Profile shift coefficient used for calculations |— — Generating2 |Generating?
(xE) (xE)
Tip relief pum Cy 13
a  Due ththe reduction in tooth thickness resulting from the gear backlash as defined by the gear span size for this case,

the application of generating profile coefficient, xg, is requlred for the calculation of root form factor Yr, and root stress
correction factor, Ys. In accordance with ISO 6336-3:2006, 6.1, where the calculated tooth root thickness as determined by
Xxg results in a reduction in tooth thickness of 20,05 my of that determined using x, then xg should be applied. The tooth root
thickness assessment is taken at the root form diameter, dn.
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Table 14 (continued)
Type Description Unit Symbol |Pinion Wheel

Quality  |ISO accuracy grade — — 5 5
Single pitch deviation pum fpt 6,0 7,5
Base pitch deviation pum fpb — —
Profile form deviation pum ffa 5,5 7,5
Helix slope deviation um fup 8,5 9,5
Strfacerotghhess—tHankRa{Rs} P +6-6;63 +6-46,0)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) 3)(u\18,0)

Material |Material — — \Y !

Material quality — — MQ 0\6 MQ
Case hardness — — 350 %,., 300 HB
Core hardness — — —n < —
Limiting contact stress N/mm2  |oylim 4 Y 652
Limiting tooth root stress N/mm?2 GFlim,\<\ 251 239
Young’s modulus N/mm?2 E\O)U 206 000 206 000
Poisson’s ratio — ,ﬁ\\v 0,3 0,3
Yield/proof stress N/mlp\Q \c;s/ao,z 1000,0 100040
Shot peen —oV |— No No
Limited pitting allowable i %s\ — Yes Yes
Application |Application factor 0.\ — Ka-p 1,000
Reverse bending \\S\v — — No No
Favourable contact position ) 01@ — — Yes Yes
Helix modification (ISO 6336-1:2006, — — None (No. 1)
Table 8) xQO
Dynamic factor, Ky, calcul@}&on method — — Method B
Face load distribution@gr, Kyp and Kgg, — — Method C
calculation method |
Number of me§h$$\ — Num 1 1
Gear blank tﬁy}v — — Solid Solid
Web thyj@s's mm bs — —
Insi@&"&’meter mm — — —
y.y@;gr of webs — — — —
JArrangement (ISO 6336-1:2006, Figure 13) |— — a
%Q Bearing span mm l 355,600 —

&?‘ Bearing span offset mm s 0,00 —

c_) External shaft diameter mm dsh 63,50 —
Internal shaft diameter mm dshi 0,00 —
Equivalent misalignment pm fsh As Formula (57)

Mesh misalignment pum fma As Formula (64)
Minimum safety factor pitting — SH min 1,00

Minimum safety factor tooth breakage — SF min 1,00
Lubrication viscosity mm2/s |vag 25

a  Due to the reduction in tooth thickness resulting from the gear backlash as defined by the gear span size for this case,
the application of generating profile coefficient, x, is required for the calculation of root form factor, Yf, and root stress
correction factor, Ys. In accordance with ISO 6336-3:2006, 6.1, where the calculated tooth root thickness as determined by
xg results in a reduction in tooth thickness of 20,05 m; of that determined using x, then xg should be applied. The tooth root
thickness assessment is taken at the root form diameter, dnt.
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Table 14 (continued)
Type Description Unit Symbol |Pinion Wheel
Load Torque kNm T1 0,528

Speed rpm nq 5400,0

Required life hours — 30000

Life factor for contact stress, ZnT, at — — 0,85 0,85

1010 cycles

Life factor for tooth root stress, YnT, at — — 0,85 0,85

1010 cycles
a  Due tp the reduction in tooth thickness resulting from the gear backlash as defined by the gear span size for this casg,
the applidation of generating profile coefficient, xg, is required for the calculation of root form factor, Y, and root-stregs
correctioh factor, Ys. In accordance with ISO 6336-3:2006, 6.1, where the calculated tooth root thickness as detéermined by
xg results|in a reduction in tooth thickness of 20,05 m, of that determined using x, then xg should be applied. The tooth roqt
thickness|assessment is taken at the root form diameter, dns.

Table 15 — Example 7 output values

Symbol Description Unit Pinipn Gear
d Reference diameter mm 153;39 765,17
da Tip diameter mm 157,99 769,52
dp Base circle diameter mm 143,23 714,47
df Root diameter (based on x) mm 150,38 761,92
drf Root form diameter (based on x) mm 151,34 762,79
dnf Start of active profile diameter mm 151,40 763,15
dvw Working pitch diameter mm 153,76 767,00
Fy Tangential tooth load N 6 884
Kra-B Transverse load factor (root stress) — 1,44
Kgp-c Face load factor (root stress) — 1,41
Kua-B Transverse load factor (contact'stress) — 1,44
Kup-c Face load factor (contactstress) — 1,43
KB Dynamic factor — 1,81
Sf Tooth root breakage-safety factor — 2,01 1,85
SH Pitting safety(factor — 1,32 1,38
1% Pitch line velocity m/s 43,37
Ys Rim thickness factor — 1,00 1,00
YpT Deeptooth factor — 1,00
Yr Tooth form factor — 1,17 1,21
YNT Life factor for tooth root stress — 0,85 0,88
YRrelT Relative surface factor — 0,96 0,96
Ys Stress correction factor — 2,30 2,36
YsT Stress correction factor for reference gears |— 2,00
Yx Size factor — 1,00 1,00
YsrelT Relative notch sensitivity factor — 1,00 1,00
ZB Single pair tooth contact factor, pinion — 1,00
Zg Helix angle factor (pitting) — 1,03
Zp Single pair tooth contact factor, wheel — 1,00
ZE Elasticity factor W 189,81
Ze Contact ratio factor — 0,77
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deviations

Symbol Description Unit Pinion | Gear
VA Zone factor — 2,37
71, Lubrication factor — 0,85
ZNT Life factor for pitting stress — 0,85 | 0,95
ZR Roughness factor — 0,94
Zy Velocity factor — 1,09
Zw Worktrardeningfactor +66 —
Ax Size factor — 1,00 = A\
& Transverse contact ratio — 1,68 )
s Overlap ratio — 4,87 o\Q -
g Total contact ratio — 6,56 n_Q)'J
dro Nominal tooth root stress N/mm?2 56 (.:b‘) 60
dr Tooth root stress N/mm?2 l@.\) 220
dF lim Limiting tooth root stress (input data) N/mm?2 251 239
drp Permissible tooth root stress N/mm?2 47344 338
du Contact stress N/mnﬁ\\v 392 392
dH lim Limiting contact stress (input data) Wm\i 701 652
duo Nominal contact stress ‘m2 203
dyp Permissible contact stress i \\\ /mm?2 518 | 540
Ihtermediate calculation values \V
Ky.g intermediate calculation values \\S\v |
dya Mean value of mesh stiffness&e@&it face N/(mm-um) |19,3

width (used for Ky-B, KHa-B, K
d Maximum tooth stiffness@ unit face width |N/(mm-um) (12,7

(single stiffness) of a togth pair
Mred Reduced gear pairg’fs\é per unit face width |kg/mm 0,081

referenced to the of action
N Resonance,r\@ ) — 3,16
Hup-c intermediate calcula(rén)/‘alues
dvp Meanvalue of mesh stiffness per unit face N/(mm-pm) |16,4

wi sed for Kyp-c, Krp-c)
fAho (-@?‘c deformation under specific load pum 0,020
Hpx Q:Xflitial equivalent misalignment (before pum 7,5

/\?\ running in)
Hpy é\/ Initial equivalent misalignment (after pum 39
e running in)

Z@\ Running-in allowance for a gear pair pum 1,66
Vs Running-in allowance (equivalent pum 3,6

misalignment)
fpb Transverse base pitch deviation pum 7,0
Eq for Fgy — 53
fups Tolerance on helix slope deviation for ISO pum 9,5

accuracy grade 5
fsh Component of equivalent misalignment due |pm 1,5

to deformations of pinion and wheel shafts
fma Mesh misalignment due to manufacturing pum 12,7
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4.10 Example 8: Single helical case carburized gear pair
NOTE Example 8 is the application of residual protuberance, pr.

For example 8, input values and output values are given in Tables 16 and 17, respectively.

Table 16 — Example 8 input values

Type Description Unit Symbol |Pinion Wheel
Geometry [Number of teeth — VA 15 63
Normal module mm mp 4,50 '\/\
Normal pressure angle — a 20,00 ﬂQ N
Helix angle — B 11,00 AG Y
Hand of helix — — Left .quht
Face width (total) mm b 7874  .]76,20
Gap width mm — 0,00 - 'O 0,00
Edge chamfer mm — 0,0Q&‘ 0,00
Contact face width (total) mm beff (@b
Centre distance mm a x\if82,88
Span measurement mm W](/ (o) 35,706 118,358
Number of teeth spanned — /,.@\ 3 9
Dimension between balls mm ‘\\‘s\/ldk — —
Ball diameter mm‘s\\)‘ Dm — —
Nominal profile shift coefficient ,—z{\‘o X 0,541 3 0,439 3
Generating profile shift coefficient (ref onlx)&\—‘ XE (0,486 7) (0,407 0)
Outside diameter A‘\‘O mm da 82,19 301,55
Basic rack dedendum coefficient \O — hfp/my 1,516 1,516
Tip chamfer . (\){‘ mm — 0,00 0,00
Basic rack fillet root radius cofef: \cvient — prp/my 0,40 0,40
As cut basic rack undercg\’ . mm pr 0,267 0,267
Material allowance fg@?shing mm q 0,220 0,220
Residual undercu}_{éﬂl%ulated - pr-q) mm Spr 0,047 0,047
Cutting tool p{@bérance angle — — 10° 10°
Pinion cut;@h.r'nber of teeth — z0 — —
Pinion c@e% profile shift (ref) — X0 — —
Fla@ﬁ\shing process — — Cutand Cutand
ground ground
%?)t finishing process — — As cut As cut
o_) Profile shift coefficient used for calculations |— — Nominal (x) |Nominal (x)
Tip relief pum Cy 13
Quality  |ISO accuracy grade — — 6 6
Single pitch deviation pum Spt 9,0 11,0
Base pitch deviation um fpb
Profile form deviation pum ffa 10,0 13,0
Helix slope deviation um fup 10,0 11,0
Surface roughness - flank Ra (Rz) pum — 0,38 (2,3) 0,38 (2,3)
Surface roughness - fillet Ra (Rz) pum — 3,0 (18,0) 3,0 (18,0)
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Table 16 (continued)
Type Description Unit Symbol |Pinion Wheel
Material |Material — — Eh Eh
Material quality — — MQ MQ
Case hardness — — 58 HRC 58 HRC
Core hardness — — 30 HRC 30 HRC
Young’s modulus N/mm?2 |E 206 000 206 000
Yield/proof stress N/mm2 |os/op2 |689,5 ’\Eré:‘}ﬁ
Shot peen — — No ’q\:ﬁo
Limited pitting allowable — — No o\Q “INo
Application |Application factor — Ka-p 1,00(Q‘Q)'J
Reverse bending — — 0 < No
Favourable contact position — — ICLYg Yes
Helix modification (ISO 6336-1:2006, — — | Helix + Crowning
Table 8) ~O" |(No.5)
Dynamic factor, K, calculation method — KXJ Method B
Face loafi distribution factor, Kyg and Kpp, — Q M Method C
calculation method
Number of meshes N v Nu 1 1
Gear blank type s\\’p — Solid Solid
Web thickness L~ |mm bs — —
Inside diameter \A\'\ mm — — —
Number of webs ‘\\Q)\\ — — — —
Arrangement (ISO 6336-1:20»0(6,?\1&{111‘6 13) |— — b
Bearing span ﬁ\j?\' mm 1 331,724 —
Bearing span offset (_‘\\U mm s 67,56 —
External shaft dia@e‘g?rl mm dsh 63,50 —
Internal shaft ;l-i@\}eter mm dshi 0,00 —
Equivalent @y\l'fignment pm fsh As Formula (57)
Mesh n}jﬁ@g’nment um fma As Formula (64)
Mini@ﬁl'r{safety factor pitting — SH min 1,00
M,@ﬁ’um safety factor tooth breakage — SF min 1,00
| Mrication viscosity mmz2/s  |vap 220
Loa%\) Torque kNm T1 1,494
&?‘ Speed rpm ny 1430,0
c_) Required life hours — 10 000
Life factor for contact stress, ZnT, at — — 1,00 1,00
1010 cycles
Life factor for tooth root stress, YnT, at — — 1,00 1,00
1010 cycles
Table 17 — Example 8 output values
Symbol Description Unit Pinion Gear
d Reference diameter mm 68,76 288,81
d, Tip diameter mm 82,19 301,55
dy Base circle diameter mm 64,47 270,79
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Table 17 (continued)
Symbol Description Unit Pinion Gear
dr Root diameter mm 60,79 280,12
(based on xg — pre-hobbing)
dpf Root form diameter mm 65,87 284,04
(based on xg — grinding)
dnf Start of active profile diameter mm 65,88 287,05
dw Working pitch diameter mm 70,34 295,42
Fy Tangential tooth load N 43 451 A
Kra-B Transverse load factor (root stress) — 1,05 ,-&\'\ )
Krp-c Face load factor (root stress) — 1,05 (-\“.l/
KHa-B Transverse load factor (contact stress) — 1,05 . :bv
Kugp-c Face load factor (contact stress) — 1,06 n_(b\o
Ky-B Dynamic factor — 1,02 . (b‘)
SF Tooth root breakage safety factor — 2,69 \&%‘ 2,43
SH Pitting safety factor — 1,23 O\ ) 1,23
1% Pitch line velocity m/s 5‘,@
Yg Rim thickness factor — P Q}OO | 1,00
Ypr Deep tooth factor — OY 1,00
Yr Tooth form factor \\Q - 1,39 1,49
YNT Life factor for tooth root stress —s\\}\\ 1,00 1,00
YRrelT Relative surface factor \{\@ 0,96 0,96
Ys Stress correction factor \A‘V_ 2,06 2,07
YsT Stress correction factor for reference‘\g\%\r‘s — 2,00
Yx Size factor o — 1,00 1,00
YsrelT Relative notch sensitivity fact%\' — 1,00 1,00
ZB Single pair tooth contact fg&l&’pinion — 1,00
Zp Helix angle factor [pittgrrg]v — 1,01
Zp Single pair tooth cqn&k\t factor, wheel — 1,00
ZE Elasticity factfo-r\pv \/m 189,81
Ze Contact ragﬁ_%a%tor — 0,85
Zn Zone facfap — 2,27
71, Lug on factor — 1,02
ZNT @fe?f?i‘ctor for pitting stress — 1,00 1,00
ZR Y%\o,ughness factor — 1,03
Zy ,..:\‘( Velocity factor — 0,98
Zw ~ Woerk-hardeningfactor 100
7x Size factor — 1,00
Ea Transverse contact ratio — 1,39
&g Overlap ratio — 1,03
£y Total contact ratio — 2,41
OF0 Nominal tooth root stress N/mm?2 318 353
OF Tooth root stress N/mm?2 357 397
OF lim Limiting tooth root stress N/mm?2 500 500
OFp Permissible tooth root stress N/mm?2 963 965
OH Contact stress N/mm?2 1257 1257
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Table 17 (continued)
Symbol Description Unit Pinion Gear
OH lim Limiting contact stress N/mm?2 1500 1500
OHO Nominal contact stress N/mm?2 1181
OHP Permissible contact stress N/mm?2 1542 |1 542
Intermediate calculation values
Ky.g intermediate calculation values |
C a }\v{\:au va}uc Uf lllCDh ot;ffucoo PC‘ uu;t fa\.c }\‘I/I(llllll I,Llll) 17,5
width (used for Ky-B, KHa-B, KFa-B)
c Maximum tooth stiffness per unit face N/(mm-pum) |13,5
width (single stiffness) of a tooth pair
Mred Reduced gear pair mass per unit face kg/mm 0,018
width referenced to the line of action
N Resonance ratio — 0,07
Hup-c intermediate calculation values
chp Mean value of mesh stiffness per unit face |N/(mm-pm),~{14,8
width (used for Kyg.c, Krg-c)
fdho Shaft deformation under specific load pum 0,136
Hpx Initial equivalent misalignment (before [Thqe! 5,5
running in)
Fgy Initial equivalent misalignment (after pum 4,7
running in)
Yk Running-in allowance for a gear pair pum 0,77
VB Running-in allowance (equivalent pum 0,8
misalignment)
fibb Transverse base pitch deviation um 10,3
Hq for Fpy — 55
s Tolerance on helix slépe deviation for pum 8,0
ISO accuracy grade)5
fln Component ofiequivalent misalignment due |pm 79,0
to deformatiens of pinion and wheel shafts
fha Mesh misalignment due to manufacturing |pm 14,9

deviations
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Annex A
(informative)

Example 1 detailed calculation

A.1 Geéneral

This anrlex contains the detailed calculation example 1. The formulae are numbered accordifg to the
respectiye referenced document.

A.2 Defined data

The defiped data are shown in Tables A.1, A.2 and A.3.

Table A.1 — Gear geometry

Description Pinion Wheel
Number pf teeth z1=17 z2 =103
Normal module mp =8
Normal gressure angle an = 20;00°
Helix angle pe15,8°
Hand of helix Left Right
Face width b1 =100 mm by =100 mm
Contact face width b =100 mm
Centre d|stance aw =500 mm
Nominalfaddendum correction factor |x1 # 0,145 x2=0
Span mefsurement Wyt = 38,196 mm Wx2 =307943 mm
Number pf teeth spanned k1=2 k=13
Outside liameter dy1 =159,66 mm da2 =872,35 mm
Basic radk dedendum hep1 = 1,4 mp mm hepz = 1,4 mp =11,2 mm
Basic radk fillet root radius$ pfp1 = 0,39 my mm pfp2=0,39 mp = 3,12 mm
Residualjundercut Spr1 = 0,00 mm Spr2 = 0,00 mm
Materialfallowance-for finishing q1=0,00 mm q2=0,00 mm
Tip relie Ca=70 um

Table A.2 — Gear quality
Description Pinion Wheel
ISO accuracy grade Q=5 Q=5
Transverse pitch deviation fpt1=8,0 um fpt2=9,5 um
Profile form deviation fa1 = 10,0 um fa2=12,0 um
Helix slope deviation Hp1=8,5um Hp2=9,5 um
Surface roughness (Ra) Ray1 = 1,0 um Rapz = 1,0 um
Fillet roughness (Ra) Rap1 =3,0 um Rapz = 3,0 um

40
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Table A.3 — Material data
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Description Pinion Wheel

Material type Eh Eh

Material quality MQ MQ

Case hardness (HRC) 60 60

Core hardness (HRC) 30 30

Young’s modulus E1=206 000 N/mm?2 E2 =206 000 N/mm?2
OISSOITS Tatio v7=0;3 v2—="0;3

Yield/proof stress os1 =500 os2 =500

Shot peen No No

[Jimited pitting allowable No No

o >

O lim =1500N/mm?

OFim =500 N/mm?

5 Allowable contact stress number, oy |im

Minimum required safety value for contact, Sy min = 1,00

Alllowable stress numbers (bending), o |im

Minimum safety value for bending, Sg-thin = 1,00

.3 IS0 6336-5:2016 — Allowable stress values for contact and’ bending

br material Eh with MQ quality (see ISO 6336-5:2016, Table 1),

Fpr material Eh, material quality MQ with core hardness = = 30 HRC (see ISO 6336-5:2016, Figure 10),

A.4 Application data

Sge Table A.4.

Table A.4 — Application data

Description Pinion Wheel

Application factor Ka=1,00
Heversebending No No
Hawourable contact position No No
Heftxmodtification NO NO
Number of mesh contacts Nuv1=1 Nvz2 =1
Gear blank type Solid Solid
Bearing span offset 51 =0,00 mm

Equivalent misalignment fsh =0 pm

Mesh misalignment fma=0pum

Lubrication viscosity V40 = 320 cSt
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A.5 Load data
See Table A.5.

Table A.5 — Load data

Description Pinion Wheel
Pinion torque T1=9000 Nm

Pinion speed nq1 =360 rpm

Require( life Ly=50000h

A.6 Supplementary calculations

Gear ratjo
u=22-6,05882
Z1
Transveyse module m
m; = 1__—-8,31412mm
cos
Referende diameter dy =z; m =141,34011 mm
dy =z, m; =856,354 80 mm
Involute [normal invor, = tan((xn ) —a, =0,01490pad
pressurg angle
Transverse pressure tan(a, )
angle o =atan| ——= =20,71971°
cos(p)

inver, =tan (ot J= o, =0,016 63 rad

Transverse working

pressurg angle Oyt £4C0S 13|21 +2,| my cos(a%) =21,06610°
wE N 172 2a,, cos(B) T

inver, =tan (o )—a, =0,016 63rad

Generating profile-shift

coefficieht Wiy _{mn COS(“n)[n(kl —0,5)+Zlinvoct ]}

Xpq = =0,11779
E1 2my sin(oy, )
Wyo —{mn cos(ocn)[n(kz —0,5)+z,inva, ]}
Xpq = =-0,027 48
Bl 2m,, sin(a,, )
Root diameter dgy =dy —2[ hpy —(xym, ) ]=121,26011 mm

(calculated using
nominal profile shift
coefficient, x)

drp =dy —2[ hpp —(xmy, ) |=833,95480 mm

Base diameter dyy =d; cos(o, )=132,19857 mm
dy,, =d, cos(a; )=800,967 80 mm
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Base helix angle By, =atan [tan(ﬁ) cos (o, )] =14,82453°

Working pitch dpq
diameter dy1 =——=141,66667 mm

1 cos (0t )

d
—__b2 _g5g 33333

d =
cos (0t )

w2

l\T raal it oh
\eriarpitent

P = VI, THITL

Transverse pitch py =mm; =26,11959 mm
Transverse base pitch Pt = PtCOS(O‘t ) =24,43024 mm
Transverse base pitch Pet =Ppt =24,43024 mm

]

h the path of contact

ength of line of
ntact g :l[
* 2

o —

d, 2 —dy,> +|§—2|[\/da22 —dy,%7a,, sinﬂ=37,844 64 nm
2

2 2 2
d d d
al | _f b fs g |+ 2L | =132,921 mm
2 2 2
2 2 2
d d d
dyiy =2 \/( ;ZJ _(%] ~dq +[%] =854,225 mm

[%2)]

AP diameter \/

Transverse contact ratio G
a=—=1,54909
Pet
Ojverlap ratio b sin(ﬂ) L 08337
& =—=1,
B my, T
Tptal contact ratio €, =€, t+Ep =2,63246

14
'(li""ar_lsyerse base pitch fob1 = fot1 cos (e )=7,48258 um

pviation
fob2 = forz cos(a, )=8,88556 um

Pitch line velocity dy mng m
(see ISO 6336-1:2006, v= 3 =2,664—
4.2.1) 60-10 S

A.7 IS0 6336-2:2006 — Contact ratio factor

8.1 Contact ratio factor, Z;
{ 1
Z,= [|—=0,803 (26)
80(
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A.8 1S0 6336-1:2006 — Basic principles, introduction and general influence

factors

A.8.1 Determination of dynamic factor, ky
4.2.1 Nominal tangential load, F;
20007

Ft ——==127352N
dy

@)

9.3 Detelrmination of tooth stiffness parameters, c’and ¢,
Virtual qumber of teeth, z,

z

zy1 > =18,905

cos(By,)" cos(B)

Zoo k %2 =114,543

_cos(ﬂb)z cos(p)

9.3.1.1 Theoretical single stiffness, c't,

Coefficignts: €, =0,047 23
C,=0,15551
C3=0,25791
C,=-0,00635
C5=-0,11654
Ce=—0,00193
C,=-0,24188
Cg=0,00529
C9=0,001-82

Minimupm value forthe flexibility of gear pair, ¢’
, C C

q=4 +—2+—3+C4x1 +

Zn1 Zn2 Zn1 Zn2

Cs5xq

c
+Cgxp +- L2 1 Caxy? +Cox,? =0,05600(mm-pm) /N

44
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c'th =ql—17,855 84N/(mm~um)

;=

9.3.1.2 Correction factor, Cy

Cy=0,8

9.3.1.3 Gear blank factor, Cr

Ctg=LU (IOI‘ solid gears)

Ne)

3.1.4 Basic rack factor, Cg

Z

formal pressure angle of basic rack, ap, =,

J

hsic rack dedendum for pinion and gear are the same, therefore,

Cp1= 1,0+0,5(1,2—hﬂ] [1,0-0,02(20°- 0z, ) ] =0,90000
mn

Cpp = 1,0+o,5(1,2—hﬂJ [1,0-0,02(20°-ap,, ) | =0,90000
my, |

Cp=0,5(Cp1 +Cpy)

\O

3.1 Single stiffness, ¢’

¢’=cfy, Cy Cg Cgcos(B)=12,37047 N /{fm-pm)

913.2.1 Mesh stiffness, cyq

o = 075e4+025)

Yo =17,46485N /(mm-um)

913.2.2 Mesh stiffness, ¢y

€y =0,85 Cr =14,84512 N/(mm-um)

(=)

4.8 Calculation of reduced mass of gear pair with external teeth, mycq

Mean tooth diameter, d,
d,q+d d,,+d
dny =—1-—1=140,46006 dpny =—22——2 =853,15240
Assume density p1=0,000007 83 kg/mm3  p2=0,000007 83 kg/mm3
2 2
d d
Mypg =—| —1 m1 =0,066 67 kg /mm
8| dyq 1 1

+ 2
1,0p1 1,0 pyu

NOTE Quantity (1 - g14) = (1 - g2%) =1 for solid pinion and wheel.
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6.4.2 Determination of resonance running speed, ng1

C
ngy =000 |- =9091,83 min* (6)
nzq Myeqd

Resonance ratio, N

N="1_00396 9)
ngq

Lower lilmit of resonance ratio, Ns

F.K

3 k> 100, therefore, Ng =0,85 (1R)

6.4.3 Dyjnamic factor in subcritical range, (N < Ng)

gy > P (see Table 5), therefore,

C,q1=0,32 0,57-0,05¢,
Cyp=————1=0,368
£,-1,44
=0,47=0,47
e, |=257 _0,244 Cy5=0,47=0,
€y
9 2
€y =—222% 0,09 Cpo=—22 134
€y -1,56 gy—1,74
€y> 2,5 Cv7 =1

2
1| OHlim
C.|l=— -18,45 | +1,5=1,995um
y 18[ 97 ] "

Base pit¢h deviation, f,, = max(fpbl »Jpb2 ) =8,88556 um (see note in ISO 6336-1:2006, 8.3.1)
Profile fgrm deviation, f, =max( fr1, fro2)=12um

Running|in allowance (se€1SO 6336-1:2006, 8.3.5)

As materials are the-same and for Eh material, then,

Y 70,07545=0,666 um (77)

Check thiatit is not greater than allowable limit for material Eh of 3 ym

Estimated running in allowance (pitch deviation) (see note in ISO 6336-1:2006, 6.4.3)

Yp=Va =0,666 um

Estimated running an allowance (flank deviation) (see note in ISO 6336-1:2006, 6.4.3)
yf :O'O7Sff06 :0,9
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Check that it is not greater than allowable limit for material Eh of 3 pm.

fobett = fpp —Yp =8,21915 as)
ftoett = ffo =Y =11,10000 19)
C/
B, _ Tovell 4 07984 a5
e [Fi)
b))
B¢ _ Jraett__ 10782 a6
PR
Alb

Als lowest accuracy grade < ISO accuracy grade 5, then,

c’C

By =|1-—3 _|=0,32 (17)
3]
Alp
k=(Cy1 By)+(Cyz B )+(Cy3 By )=0,08055 (14)

Al N < N, (see ISO 6336-1:2006, 6.4.3), then,
K,=NK+1=1,003 (13)

A.8.2 Determination of face load factors, Kyp and Kgp

=

ean transverse tangential load (see3:2)

F. =F K, K,=127759N

N

5.2.4.1 Approximate caleulation of equivalent misalignment, f;;,

)

nion offset s1 = 0, therefore,

2
fen =F7m0,023[(1+0—0,3)+0,3][di] =14,70913 um (57)

1

7{5.3.3 Mesh misalignment, fi,,

2 —12,74755um (64)
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7.5.2.3 Initial equivalent misalignment, Fpgy

6336-30:2017(E)

As no helix modification is applied,

B1=1 By=1 (see Table 9)
Fgy =1,33B1 fg, +B3 fma =32,31069um (52)
7.5.2.1 Running-in allowance, yg and Xp
As materfials are the same and for Eh material,
Yp $0,15Fg, =4,847 um (48)
Check thiat it is not greater than allowable limit for material Eh of 6 um.
Xg2 0,85 49)
7.5.1 Effpctive equivalent misalignment, Fpy
Fg, £Fpy—yp =27,46409um (43)
7.5 Face|load factor, Kyp-c
Fp.
By 4
zfn_
b
therefore,
Fg..C
Kypl=| 1+ |=1,16 “h)
Fm
g_m
b
7.6 Face|load factor, Kgp
dg1 —dgq b1 _5,208 35
hq :7:19,199 94 mm hy ’
d,,—d b
hzzaz—fzzlg'1976mm —225,208 98
2 hy
1
Ned—2 — -0 81376 (70)
h, (h Y
1414 L
by | by
Kgp =Kyp"F =1,12803 (69)
48 © IS0 2017 - All rights reserved
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