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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO
member bodies). The work of preparing International Standards is normally carried out through ISO technical
committees. Each member body interested in a subject for which a technical committee has been established has
the right to be represented on that committee. International organizations, governmental and non-governmental, in
liaison with 1SO, also take part in the work. ISO collaborates closely with the International Electrotechnical
CommissiT (IEC) on all matters of electrotechnical standardization.

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

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

Attention i drawn to the possibility that some of the elements of this International’Standard may be [the subject of
patent rights. 1ISO shall not be held responsible for identifying any or all such patent rights.

Internationgl Standard ISO 9083 was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 2,
Gear capagity calculation.

Annexes Aland B form a normative part of ISO 9083. Annexes C to E are for information only.

© ISO 2001 — All rights reserved \
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Introduction

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

Vi © SO 2001 — All rights reserved
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ISO 54:1996, Cylindrical gears for general engineering and for heavy engineering — Modules.

ISO 701:1998, International gear notation — Symbols for geometrical data.

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

ISO 1328-1:1995, Cylindrical gears — I1SO system of accuracy — Part 1: Definitions and allowable values of

deviations

relevant to corresponding flanks of gear teeth.

ISO 6336-1:1996, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introduction and

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

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

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

ISO/TR 10495:1997, Cylindrical gears — Calculation of service life under variable loads — Conditions for
cylindrical gears according to ISO 6336.

3 Terms,|definitions and symbols

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

2 © I1SO 2001 — Al rights reserved
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Table 1 — Symbols and abbreviations used in this International Standard

Symbol Description or term Unit
a centre distance 2 mm
b facewidth mm
bg facewidth of an individual helix of a double helical gear mm
cy mean value of mesh stiffness per unit facewidth N/(mm-pm)
c m?‘ximur\n tooth stiffness of one pair of teeth per unit facewidth (single N/(mm-pum)
ctiffnacc
stiffress)
di 2 reference diameter of pinion, wheel mm
da1 2 tip diameter of pinion, wheel mm
dp1.2 base diameter of pinion, wheel mm
1 2 root diameter of pinion, wheel mm
dspy shaft nominal diameter for bending mm
dgpi internal diameter of hollow shaft mm
dwi,2 working pitch diameter of pinion, wheel mm
dna1,2 diameter of a circle defining the outer extremities of the usable flanks of tip mm
chamfered/rounded gear teeth
fHB tooth alignment deviation (not including helix form deviation) pm
fma mesh misalignment due to manufacturing deviations pm
fob transverse base pitch deviation-(the values of f,; may be used for calculation pm
in accordance with 1ISO 6336-1; using tolerances complying with 1ISO 1328-1)
fsh helix deviation due to elastic deflections um
Oy, length of path of centact mm
h tooth depth mm
hap addenduntef*basic rack of cylindrical gears mm
hip dedendum of basic rack of cylindrical gears mm
hre bending moment arm for load application at the outer point of single pair mm
tooth contact
I bearing span mm
m* relative individual gear mass per unit facewidth referenced to line of action kg/mm
My normal module mm
Mred reduced gear pair mass per unit facewidth referenced to the line of action kg/mm
m transverse module mm
) rotation speed of pinion, of wheel min—1
Ng resonance speed min-1
Pon normal base pitch mm

© ISO 2001 - All rights reserved
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Table 1 — (Continued)

Symbol Description or term Unit
Pot transverse base pitch mm
pr protuberance of the tool mm
q finishing stock allowance of tooth flank mm
Os notch parameter sg, / 2pf —
S tooth thickness mm
Sen tooth-root chord at the critical section mm
SR rim thickness mm
u gearratioa [ul = |z/z | > 1 —
\Y tangential speed (without subscript: at reference circle ~ tangential speed-at m/s

pitch circle)
Vp velocity parameter —
X1,2 profile shift coefficient of pinion, wheel —
Yo running-in allowance for a gear pair pm
Yg running-in allowance (equivalent misalignment) pm
Z, virtual number of teeth of a helical gear —
1o number of teeth of pinion, of wheel2 —
A auxiliary value for the determination offgy, n-um/N
total facewidth of a double helical\gear including the gap mm

a tip relief pm
Cs basic rack factor (same. rack for pinion and wheel) —
Cr gear blank factor —
E modulus of elasticity, Young's modulus /mm?2
Fm the mean {ranSverse load at the reference cylinder ( = F; KpK,) N
Ft (nominal) transverse tangential load at reference cylinder N
Fin the determinant transverse load at the reference cylinder ( = Fy Ky Ky Kyyp) N
Fp total helix deviation pm
Fpx initial equivalent misalignment (before running-in) pm
Fpy initial equivalent misalignment (after running-in) pm
Ky dynamic factor —
Ka application factor —
Ko transverse load factor (root stress) —
4 © IS0 2001 - All rights reserved
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Table 1 — (Continued)

Symbol Description or term Unit
Krp face load factor (root stress) —
KHa transverse load factor (contact stress) —
Khg face load factor (contact stress) —
K, mesh load factor (takes into account the uneven distribution of the load —

between meshes for multiple transmission paths)
Mj 2 atpxitiary-vattes-forthe-determination-of-Zgp —
N_ number of cycles —
Ng resonance ratio in the main resonance range —
P transmitted power kw
Ra arithmetic mean roughness value (as specified in ISO 4287) pHm
Rz mean peak-to-valley roughness (as specified in ISO 4287) pm
S factor of safety from tooth breakage —
S min minimum safety factor (tooth breakage) —
S factor of safety from pitting —
S min minimum safety factor (pitting) —
Ti2 pinion torque, wheel torque; (nominal) Nm
Ye tooth form factor —
YRrel T relative surface factor —
Ys stress correction factor —
Yy size factor (tooth-root) —
Yg helix angle factor (tooth-root) —
Ysrel T relative natch sensitivity factor —
Z, speed factor —
Zgp single pair tooth contact factors for the pinion, for the wheel —
Ze elasticity factor W
Zy zone factor —
Z lubricant factor —
R roughness factor affecting surface durability —
2y work-hardening factor —
Zy size factor (pitting) —
Zy helix angle factor (pitting) —
Z contact ratio factor (pitting) —

© ISO 2001 - All rights reserved 5



https://standardsiso.com/api/?name=29bcfc0c7ce5f0b836b100b207c930fa

ISO 9083:2001(E)

Table 1 — (Continued)

Symbol Description or term Unit
an normal pressure angle °
ay transverse pressure angle °
At transverse pressure angle at the working pitch cylinder °
apg normal pressure angle of the basic rack for cylindrical gears °
Y3 helix angle (without subscript — at the reference cylinder) —
5o base helix angle °
€y, transverse contact ratio —
€an virtual contact ratio, transverse contact ratio of a virtual gear —
€p axial overlap ratio —
€ total contact ratio (e, = &, + €p) —
KB factor characterizing the equivalent misalignment after running-in —
V40,50 kinematic viscosity at 40 °C, 50 °C —
% viscosity parameter —
POp root fillet radius of the basic rack for cylindrical gears mm
Prel radius of relative curvature mm
oc radius of relative curvature at the pitch surface mm
OF tooth-root fillet radius at the critical section mm
oB tensile strength N/mm?2
OF tooth-root stress N/mm?2
OF lim nominal stress number (bending) N/mm?2
OFE allowable stress number (bending) = of |, YsT N/mm?2
OEG tooth-root stress limit N/mm?2
Okp permissible tooth-root stress Ni/mm?2
1= nominal tooth-root stress N/mm?2
OH calculated contact stress N/mm2
OH lim allowable stress number (contact) N/mm?2
OHG modified allowable stress number = opp Symin N/mm?2
OHp permissible contact stress N/mm?2
OHo nominal contact stress N/mm2
)2 angular velocity of pinion, or wheel rad/s

2 For external gear pairs a, u, z; and z, are positive; for internal gear pairs a, u and z, are negative with z; positive.
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Gear designers shall recognize that requirements for different applications vary considerably. Use of the
procedures of this International Standard for specific applications demands a careful appraisal of all applicable
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siderations to prevent fractures emanating from stress raisers in the tooth_flank, tip chippin
blank through the web or hub should be analysed by general machine design methods.

Les according to the following shall be reported in the calculation statement.

re refined method of calculation is desired or if compliance with' the restrictions in clause
impractical, relevant factors may be evaluated according.to the basic standard or anoth
rd.

derived from reliable experience or test data maybe‘used instead of individual factors ac

Spects, rating calculations shall be strictly in* accordance with this International Standa
rs, etc. are to be classified as being in aceordance with this International Standard.

htional Standard is applicable when the wheel blank, shaft’/hub connections, shafts, bearir
bnnections, foundations and couplings conform to the requirements regarding accuracy,
s forming the basis for the calculation of the load capacity of gears.

e method described in ‘this International Standard is mainly intended for recalculation
ration it can also be(used to determine the load capacities of gears. The iteration is acq
load and calculatingZhe corresponding safety factor against pitting, S, for the pinion. If

the load is increased, if it is smaller than S i, the load is reduced. This is done until thg
S t0 S41 = S{min. The same method is used for the wheel (S, = S4min) and also for the

h breakage! Se1 = Seo = Semin

41.2 Ges

r data

g and failures

4.1 is for any
er application

cording to this

tional Standard. Concerning this, the criteria for Method A in ISO 6336-1:1996, 4.1.8, are gpplicable.

d if stresses,

gs, housings,
load capacity

purposes, by
omplished by
SH1 IS greater

b load chosen
safety factors

This International Standard is applicable within the following constraints.

a) Types of gear:

external and internal, involute spur, helical and double helical gears;

for double helical gears, it is assumed that the total tangential load is evenly distributed between the two

helices; if this is not the case (e.g. due to externally applied axial forces), this shall be taken into account;
the two helices are treated as two single helical gears in parallel;

©1S0 2001 -

planetary and other gear trains with multiple transmission paths.
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b) Range of the transverse contact ratios of actual spur and helical gear pairs:
— 12< ¢, <25 (affects ¢, ¢, Ky, Ky, Krg, Ky and Key).

¢) Range of helix angles:
— Pless than or equal to 30° (affects ¢, ¢, Ky and Kpp).

d) Basic racks:

—  no restriction?d).

4.1.3 Whee| blank, wheel rim

This Internatipnal Standard is applicable when sz, the thickness of the wheel rim under the-footh rootg of internal
and external gears, is > 3,5 mj,.

4.1.4 Mater|als

These includg steels (affects Zg, oy jim, or, Ky, Kyp and Kgg). For materials and their abbreviations dised in this
International $tandard, see Table 2. For other materials, see ISO 6336-1, I1SO 6336-2, ISO 6336-3 and 1$0 6336-5

Table 2 — Materials

Material Abbreviation
Steel (og < §00 N/mm?2) St
Through-hargdening steel, alloy or carbon, through-hardened (o > 800 N/mm?2) Vv
Case-hardened steel, case hardened Eh
Steel, flame pr induction hardened IF
Nitriding stegl, nitrided NT|(nitr.)
Through-hargdening and case-hardening steel, nitrided NV/|(nitr.)
Through-hargdening and case-hafrdening steel, nitrocarburized NV (nitrocarb.)

4.1.5 Lubrigation

The calculatign procedures are valid for gears that are spray or oil-bath lubricated using a lubricant approved by the
manufacturer{designer of the gears. This validity is further subject to the condition that, at all times of operation, an
adequate quantity of approved lubricant is available to the gear mesh. Provision for cooling shall ¢nsure that
temperatures assunTed for purposes Of catcutations are not exceeded (affects tubricant fitmformation €. factors Z

Zy and Zg).

Provided that sufficient lubricant is available to the mesh, grease lubrication of slow speed auxiliaries is not
excluded.

1) For all practical purposes, it may be assumed that the proportions of the basic rack of the tools are equal to those of the
basic rack of the gear.

8 © I1SO 2001 — Al rights reserved
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It is necessary to distinguish between the safety factor relative to pitting, Sy, and the safety factor relative to tooth

breakage, S.

For a given application, adequate gear load capacity is demonstrated by the computed values of §, and S being

equal to or greater than the values Sy min @nd Se min, respectively.

Choice of the value of a safety factor should be based on the degree of confidence in the reliability of the available

data and the consequences of possible failures.

Important factors to be considered are:

a) the allowable stress numbers used in the calculation are valid for a given probability of ffailure

values|in ISO 6336-5:1996 are valid for 1 % probability of damage);
b) the spgcified quality and the effectiveness of quality control at all stages of manufacture;
c) the acquracy of specification of the service duty and external conditions;

d) tooth breakage is often considered to be a greater hazard than pitting.

Therefore, |the chosen value for S, should to be greater than the “value chosen for §,,in. For

actual safety factor see 6.1.5 (S, pitting) and 7.1.4 (S, tooth breakage).

It is recommended that the minimum values of the safety factors should be agreed upon between t

the manufdcturer and the classification authority.

4.3 Input data
The followipg data shall be available for the calculations:
a) gear data:
a, 71, p, My, dy, dy, day, dap, b, X{, Xz, oy, B &, €p (see 1SO 53:1998, ISO 54:1996);
b) cutter Basic rack tooth profile;
hao, Pab (See 1ISO 53:1998);
c) designfand manufacturing data:

Ca1r Chor-fob, SHmin: SEmin: Ray, Rag, Rz, Rzy;

(the material

calculation of

he purchaser,

materials, material hardness and heat treatment details, gear accuracy grades, bearing span |, positions of
gears relative to bearings, dimensions of pinion shaft dg, and, when applicable, helix modification (crowning,

end relief);
d) power data:

P or T or Fy, nq, vq, details of driving and driven machines.

Requisite geometrical data can be calculated according to national standards.

© ISO 2001 - All rights reserved
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Information to be exchanged between manufacturer and purchaser should include data specifying material
preferences, lubrication, safety factor and externally applied forces due to vibrations and overloads (application

factor).

4.4 Numerical equations

The units listed in clause 3 shall be used in all calculations.

International Standard is provided in annex C of ISO 6336-1:1996.

5

Influence factors
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e also interdependent and shall therefore be calculated successively as:follows:
e applied tangential load F; Kp;

- With the recalculated load Fy K K,
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mesh load factor, Ky should preferably be detefmined by measurement; alternatively its va

tion of all influence factors in this clause involves the following assumptions (also see claus

nion tooth number z; < 50;
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pre substantially different from any of the above, refer to ISO 6336-1.
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5.3 Non-uniform load, non-uniform torque, non-uniform power

When the transmitted load is not uniform, consideration should be given not only to the peak load and its
anticipated number of cycles, but also to intermediate loads and their numbers of cycles. This type of load is

classed as
the duty cyf
condition is

5.4 Max

This is the|
variable du

be known
static stres

@ duty cycle and may be represenied by a load Sspectrum. In such cases, the cumulative, 1g
cle shall be considered in rating the gearset. A method of calculating the effect of the o3
given in ISO TR 10495.

mum tangential load, F; na, maximum torque, Ty, maximum power) Py 4

maximum tangential load, Fiyay (Or corresponding torque, Tp,ax COLresponding power,
ty range. Its magnitude can be limited by a suitably responsive safety clutch. Fypnax Tmax: @

vhen safety from pitting damage and from sudden tooth breakage(due to loading corresy
5 limit is to be determined (see 5.5).

tigue effect of
\ds under this

Pmax) in the
ind Py, shall
onding to the

5.5 Application factor, K,

5.5.1 General

The factor|K, adjusts the nominal load, F;, in order tozcompensate for incremental gear loads from external
sources. These additional forces are largely dependenton the characteristics of the driving and driyjen machines,

as well as the masses and stiffness of the system, ineluding shafts and couplings used in service.

It is recomnended that the purchaser and manufacturer/designer agree on the value of the applicat

the accord

5.5.2 Method A — Factor Ky a

K shall b
system, or

5.5.3 Method B — Factor Kp_g

If no reliab
possible to

of the classification authority.

determined in this method by means of careful measurements and a comprehensive a
pn the basis of reliable operational experience in the field of application concerned (see 5.3

e datas-obtained as described in 5.5.2, are available, or even as early as the first desig
usecthe guideline values for K, as described in annex C.

on factor with

nalysis of the

).

n phase, it is

5.6

Internal dynamic factor, K,

5.6.1 General

The dynamic factor relates the total tooth load, including internal dynamic effects of a "multi-resonance" system, to
the transmitted tangential tooth load. Method B of 1SO 6336-1:1996 with modifications is used in this International
Standard.

In this procedure it is assumed that the gear pair consists of an elementary single mass and spring system
comprising the combined masses of pinion and wheel, and the mesh stiffness of the contacting teeth. It is also
assumed that each gear pair functions as a single stage pair, i.e. the influence of other stages in a multiple-stage
gear system is ignored. This assumption is only tenable when the torsional stiffness (measured at the base radius

© 1SO 2001 - All rights reserved 11
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of the gears), of the shaft common to a wheel and a pinion is less than the mesh stiffness. See 5.6.3 and annex B.1
for the procedure dealing with very stiff shafts.

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

In multiple mesh gear trains there are several natural frequencies. These can be higher or lower than the natural
frequency of a single gear pair with only one mesh. When such gears run in the supercritical range, analysis by
Method A is recommended. See 1SO 6336-1:1996, 6.3.1.

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

If (F¢Ka)/b > 200 N/mm, then F,/b = (F;Kp)/b.
If (F{Ka)/b < 100 N/mm, then F,,/b =100 N/mm.

When the spdcific loading F;Ka/b is < 50 N/mm, a particular risk of vibration exists (under‘some circumst

ances, with

separation off working tooth flanks), above all for spur or helical gears of coarse, quality grade runnjng at high
speed.
5.6.2 Calcu]ation of the parameters required for evaluation of K,
5.6.2.1  CaJculation of the reduced mass, My
a) Calculatipn of the reduced mass, m,q, Of a single-stage gear. pair
mrei:% (6)
Jirpo+Jarp;
where
Mgl is the reduced mass of a gear-pair, i.e. of the mass per unit facewidth of each gear, referred to its
base radius or to the ling ef action;
J*1 0| arethe polar moments of inertia per unit facewidth;
12| are the base-radii (= 0,5 dy; )
b) Calculatipn of reduced-mass, mq, of a multi-stage gear pair
See clause B.1;
c) Calculatibns’of reduced mass, m-of gears of less common designs

For information on the following cases, see clause B.1:

— pinion shaft with diameter at mid-tooth depth, d,,,;, about equal to the shaft diameter;

— two rigidly connected, coaxial gears;

— one large wheel driven by two pinions;

— planetary gears;

— idler

12

gears.

© 1SO 2001 — All rights reserved
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Determination of the resonance running speed (main resonance) of a gear pair

Resonance running speed, ng4, of the pinion:

-3
c .
ng1= 30x10 L in min—1 7)
Tz Mred
with ¢, from annex A
b) Resonance ratio, N
The ralio of pinion speed to resonance speed, the resonance ratio, N, is determined as follows:.
Nzﬂz nln Z1 Mred (8)
NE1 30 000 CY
The resonance running speed may be above or below the running speed calculated from equation (8) because
of stiffness that has not been included (e.g. the stiffness of shafts, bearings‘and housings) and|as a result of
damping. For reasons of safety, the resonance range is defined by the following:
N <N<1,15 ©)
At loads such that (F;Kp)/b is less than 100 N/mm, the lower limjt of resonance ratio Ng is determ|ned:
— if (F{Kp)/b <100 N/mm, then
Ng =0,5+0,35 | LKA (10)
bx 100
— if {F{Ka)/b = 100 N/mm, then
Ns=0,85 (11)
5.6.2.3 ear accuracy and funning-in parameters, By, By, By
By, Br and By are non-dimensional parameters used to take into account the effect of tooth deviatiops and profile
modificatiops on the dyrdamic load.2)
c’ f
pheft
— (12)
P Ka(Fi/b)
c f
f eff
Bf=——— (13)
K a(Ft/b)

2) The amount C, of tip relief may only be allowed for gears of accuracy grades in the range 0 to 6 as specified in ISO 1328-

1:1995.

©1S0 2001 -
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€’ Cjy
Be=1-——Ca (14)
Ka(Ft/b)
with
¢’ asgivenin annex A;

C, design amount for profile modification (tip relief at the beginning and end of tooth engagement). A value
Cay from running-in shall be substituted for C, in equation (14) in the case of gears without a specified
profile modification. C,y, can be obtained from Table 3.

The effective pase pitch and profile deviations are those present after running-in. The values of f,5 ¢ dnd f; o are
determined by deducting estimated running-in allowances, y, and y, as follows:

fpbeffz fpbl_ Yp1 OF fpbeff: fpb2_yp2 (15)
whichevdr is the greater;

fref={roa= Y1 OF fren="fraa— Y2 (16)
whichevdr is the greater.

5.6.2.4  Rupning-in allowance, y,,
a) ForSt, V§:

160

YoF YV, = f (17)
P * OHlim pb
160
Y= _ fio (18)
OHlim

b) For Eh, IR, NT (nitr.), NV (nitr.), NV (nitrocarb.) 3)

yp:ya:0’075 fpb (19)
y¢=[0,075 f, (20)

5.6.3 Dynarpic factor in the subcritical range (N < Ng)

In this sector, ¥esenaneces may existif-the—tooth-mesh fi’cq'dcn\,'y' eotreides-with-N-=34H2-ard-N=3/3—Fhe€ risk of this
is slight in the case of precision helical or spur gears, if the latter have suitable profile modification (gears to
ISO 1328-1:1995 accuracy grade 6 or better).

When the contact ratio of straight spur gears is small or if the quality is of low grade, K,, can be just as great as in
the main resonance-speed range. If this occurs, the design or operating parameters should be altered.

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

14 © IS0 2001 - All rights reserved
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Resonances at N = 1/4, 1/5, ..., are seldom troublesome because the associated vibration amplitudes are usually

small.

For gear pairs where the stiffness of the driving and driven shafts is not equal, in the range N=0,2 ... 0,5, the tooth
contact frequency can excite natural frequencies when the torsional stiffness, c, of the stiffer shaft, referred to the
line of action, is of the same order of magnitude as the tooth stiffness, i.e. if ¢/;,2 is of the order of magnitude of Cy

When this is so, dynamic load increments can exceed values calculated using equation (21).
Ky =(NK)+1 (21)
K= ( v Bn) + (C\/? Bf) + (C\/Q Bl() (22)
where
C,1 and C,, allow for pitch and profile deviations while C,3 allows for the cyclic variation 6f' mesh $tiffness.
See Tgble 3.
A value Cy, resulting from running-in shall be substituted for C, in equation (14).in'the case of gears without a
specified pfofile modification. The value of C, is obtained from Table 3.
See annex|A for single tooth stiffness c.
5.6.4 Dynamic factor in the main resonance range (Ng < N < 1,15)
High quality helical gears with high total contact ratio can function-satisfactorily in this sector. Spur gegrs of grade 5
or better ag specified in ISO 1328-1:1995 shall have suitable profile modification, as specified in 1ISQ 6336-1:1996
clause 6.4.]L item b).
Subject to above, this factor is equal to:
Kv=(Cv1Bp) +(Cyv2Bf) +(Cy4 Bk) +1 (23)
For C paraineters refer to Table 3.
5.6.5 Dynamic factor in the supereritical range (N > 1,5)
Resonancg peaks can occur-atN = 2, 3 ... in this range. However, in the majority of cases, vibration gmplitudes are
small, since excitation forees, with frequencies lower than meshing frequency are usually small.
For some gears in this\Speed range, it is also necessary to consider dynamic loads due to transverse vibration of
the gear arnd shaft.assemblies. When the critical frequency is near to the frequency of rotation, and if|this condition

cannot be avoidegd; this shall be taken into account in the evaluation of K,,.

Ky = (G Bp+Ew B3y

For C parameters, refer to Table 3.

©1S0 2001 -
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Table 3 — Equations for the calculation of factors Cy; to C7 and Cyy

1< €y < 2 €y> 2
Cu 0,32 0,32
Cv2 0,34 0,57
Ey - 0,3
Cis 0,23 0,096
Ey = 1,56
Cos 0,90 057 — 006
e, — 144
Cys 0,47 0,47
Cue 0,47 0,12
€y~ 174
1<GY<1,5 1,5<67<2,5 GY>2,5
Cv7 0,75 0,125 sin [r (&, - 2)] +0,875 1,0
1 ( OHii ?
Q= —| M _18,45| +1,5
18| 97
NOTE When the material of the pinion (1) is different from that* of the wheel (2), C,y, and C,y» are cplculated
separately; then C,, = 0,5 (Cyy1 + Cyyo).
5.6.6 Dynanic factor in the intermediate range(1,15 < N< 1,5)
In this range, the dynamic factor is determined by linear interpolation between K, at N = 1,15, as specified in 5.6.4,
and K, at N =[1,5, as specified in 5.6.5.
Kyin=115) =Kyin=15)
Ky =K - : =~ (1,5-N 25
\" V(N —1,5) 0’35 ( ) ( )
5.7 Face |Ipad factors Kip
5.7.1 Genetal
The face loafl factor adjusts gear tooth stresses to allow for the effects of uneven load distributign over the

facewidth.

Methods C1 and C2 of ISO 6336-1:1996 are used with modifications in this International Standard.

5.7.2 Facel

5721 Ge

oad factor, Kyg_c1

neral

The use of method C1 is appropriate for gears having the following characteristics:

16
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pinion on solid or hollow shaft, dgn/dg, < 0,5, positioned symmetrically between bearings (g1 < 1; see

Figure 2), (an asymmetrically positioned pinion leads to an additional bending deformation, which shall be
evaluated and added to f,;);

diameter about equal to shaft diameter;

stiff wheel and case, stiff wheel shaft, stiff bearings;
a contact pattern which, under load, extends over the entire facewidth;

no additional external loads that act on the pinion shaft (e.g. form shaft couplings);

a)

b) pinion

c)

d)

e)

f)  runnin
equati

p-in allowance yg < maximum yg as specified in 5.7.2.3. A computed Fg,, may be (veri
gk

Fpx =
o

KHB_l

cy/zJ

Fm/b

It is recommended that the values used for f,,, be verified by inspection checks, such as the tooth ¢

in the work

Refer to an

5.7.2.2
a) Assem

f

b) Gear
approy

f

c) Gearp

f
Of a pair of

5.7.2.3

ng attitude.

nex B for application to planetary gears.

Mesh misalignment due to manufacturing toleranges, f,,
pbly of gears without any modification or adjustfient:
na =10 fHB

airs with provision for adjustment’ (lapping or running-in under light load, adjustable
riate helix angle modification) and gear pairs suitably crowned:

mha =05 fhp
hirs with well desighed end relief:
na = 0,7 fHB

gears;thelarger of the values fg of the pair shall be substituted in equations (27) to (29).

ied using the

(26)

pntact pattern

(27)

bearings or

(28)

(29)

Rubning-in allowance, yg, running-in factor, s

The amount yg is that by which the initial equivalent misalignment is reduced by running-in after start of operation.
While xp is the factor characterizing the equivalent misalignment after running-in. The use of xj in calculations is
valid only as long as xp is proportional to Fg,

a) For St, V:
Va= 320 . : -1 320
- y KR—1—
P OHlim Px P OHlim
© 1SO 2001 — All rights reserved
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with yg <

Fpx and x>0

when v < 5 m/s: no restriction;

when 5 m/s <v < 10 m/s: the upper limit of yg is 25 600/0})im corresponding to Fgy =80 pm;

when v > 10 m/s: the upper limit of yg is 12 800/ d}yim corresponding to Fgy = 40 pum;

OHlim IS as specified in ISO 6336-5:1996.

b) For Eh, IR NT(mmtr), NV(mitr):
yB:0,15 Fpx ; kg =0,85 (31)
For all speeds, the upper limit is yg = 6 pm, corresponding to Fg, = 40 um. When the material of the pinion differs
from that of the wheel, yg; and &4 for the pinion, and yg, and &3, for the wheel, shall be-determined separately.
The mean of the values:
Yp1t Yp2 Kpr + Kpp
= —; Kg=——-—-— 32
B2 p 2 (32)
is used for thg calculation.
5.7.2.4  Defermination of the face load factor, Kyg_cq
57241 Gears with unmodified helices
a) Spur and ingle helical gears?):
4000 cy(b)? b)2(1 7| xpeyt
KHB:1+ K'B_Y — 512+ | — _—— +M (33)
3n E{dq dy b 12 2Fn /b
b) Double h¢lical gears®) 5):
4000 ¢ 2bs ) (BY (1 7| xpoyf
KHB:1+ K-B_Y 3,2 il =] +| — (___) +M (34)
3% E dl dl B 12 Fm /bB
4) Itis assumed that the entire torque is input at one shaft end. If the torque is input at both shaft ends or in between helices of

a double helical

| gear, a more accurate analysis is necessary.

5) The value of KHB is for the more severely stressed helix, which is that nearer to the torqued end of the pinion; tangential
load is divided equally between the two helices; i.e. a small gap width compared to the facewidth (B — 2 bg) < 0,5 bg. As for the
calculation for Khps half the tooth width (incorporating half the gap width) is used, and the obtained values are large. Thus, for
double helical gears with a large gap width, method C2 of ISO 6336-1 is appropriate in this case, see 5.7.3.

18
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Gears with modified helices

a) Spur and single helical gears 4

— wi

KHB:1+

— wi

th partial helix modification 6) (with compensation for torsional deflection only):

4000 ﬂ[b]“p 7)+Kﬁcyfma

3r “PEld) b 12) 2F,/b

(35)

2

b) Double

— W

The validity
5.7.3 Fag

57.3.1

th full helix modification (with compensation for torsional and bending deflections):
K‘B C'Y f ma
=1+——= and Kyg >1,05
HB 2 Fm/b HB
helical gears® 5)
th full helix modification?) (with compensation for torsional and bending deflections):
Kpcy f
Kip =1+ —2t—M8 and i,45>1,05
I:m /bB

of equations (33) to (37) depends upon compliance with 5:7.2.1, a) to f).
e load factor, Kyg.co

Seneral

Taken from the basic standard, this method is.arranged so that account is taken of the influen

alignment,

KHB shall b
component

— Systern

by pin
accurg

— Rando

and a
manuf

pf elastic deformations of the pinion.and of manufacturing inaccuracies.

e calculated from the total mesh misalignment after running in; Fg,, which comprises the
S.

natic error is taken intg-account by fg, (mesh misalignment due to shaft deflection). It is pri

jon shaft deflectiog;~but in principle may include all mechanical deflections able to
tely enough in botlmamount and direction.

m error is represented by f,,4 (mesh misalignment due to manufacturing tolerance). The a

mount ef\ misalignment due to manufacturing cannot be evaluated; only the range
heturing tolerance (in reference to gear accuracy grade).

(36)

37

ces on mesh

following two

marily caused
be evaluated

Ctual direction
is limited by

6) Torsional deflection can be almost completely compensated for by means of a linear tooth trace or helix angle modification.
In addition, crowning is necessary when compensation of bending deflection is required.

7) Full modification of both helices is necessary. Partial modification of the helix angle merely to compensate for torsional
deflection is not appropriate for double helical gears which are symmetrically positioned between bearings. Torsional and
bending deflections can be almost completely compensated for by means of helix angle modification. However, it is often
sufficient if only the helix nearest the torque input end is modified; torsional and bending deflections of the other helix tend to

compensate

©1S0 2001 -
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Application of helix correction and crowning:

helix correction is a lead modification applied to compensate for the systematic error, and while theoretically it

is possible to apply a helix correction that exactly matches the calculated deflection for a specific load and so
eliminates the fg, contribution to Kyg for that particular load, in practice, varying loads and errors in the

evaluatio

n of fg, leave a lasting influence on Ky that has to be taken into account;

crowning is a lead modification comprising the best defensive strategy against the random component of

misalignment. Since f,,4 can be in either direction, crowning should be symmetric to the middle of face width.

A more exact and comprehensive analysis in accordance with ISO 6336-1 is recommended if the design does not

match the re
alignment:

arrangen

When, by thig
the calculated
bearing positi

5732 Cq

The specific |
If (F; Kp K)/b

If (F; Kp Ky)/b

KHB:1+

with the valug

elastic dg
elastic dg
elastic dg

bearing g

any manyifacturing or other deformations that indicate the needdfor a more detailed analysis.

fuirements listed in clause 4 or if any of the following items have significant influepc

formations not caused by gear mesh forces but by external loads (e.g. belts, chains, coupl
formations of wheel and wheel shaft;

formations and manufacturing inaccuracies of the gear case;

learances and deflections;

ents different from those shown in Figure 2;

method, a value of Ky greater than 2,0 is calculated, the true value will usually be less.
value of K is greater than 1,5, the design SHould be reconsidered (e.g. shaft stiffness
bns changed, helix accuracy improved).

culation of Kyg_co
pading for the calculation of Kyjp.is*(F; Ka K,)/b.
> 100 N/mm, then F,/b = (F; Ky K)/b.

< 100 N/mm, thenFz/b = 100 N/mm.

Fpy Cy

——— - applies when Kyz <2
2F /b PP Hp

of & taken from annex A.

P on mesh

ngs);

However if
increased,

(38)

Note that b is the smaller of the facewidths of pinion and wheel measured at the pitch circles. Chamfers or rounding

of tooth ends
5733 Me
Fpy=F

where

shall be ignored. (For double helical gears, b = 2bg.)
sh misalignment after running-in, Fg,

Bx~ ¥p

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

Yp

20

is the running-in allowance (see 5.7.2.3).

(39)
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5.7.4 Mesh misalignment before running-in, Fgy

The mesh alignment before running-in, Fgy, is the absolute value of the sum of manufacturing deviations, and
pinion and shaft deflections, measured in the plane of action.

For gear pairs without verification of the favourable position of the contact pattern®):
FBX = 1,33 BlfSh + BZ fma (40)

with B; and B, taken from Table 4.

For gear pairs with verification of the favourable position of the contact pattern (e.g. by adjustment of hearings):
FpxF11,33B; fsp — fyps| (41)
where
fhps is[the maximum helix slope deviation for ISO accuracy grade 5 (see ISO 2328-1:1995).

By subtragting fgs, allowance is made for the compensatory roles of elastic deformation and manufacturing
deviations.

Table 4 — Constants for use in.equation (40)

Helix modification Equation constant
" Type Amount B; B,
1 None — 1 1
2 Ventral crowning only Cp =0,5fna @ 1 0,5
3 Central crowning only Cp=0,5 (fna *+fsn) 2 05 0,5
4b Helix correction only Corrected shape calculated to match 0,1°¢ 1,0
torque being analysed
5 Helix correction plus Central Case 2 plus case 4 0,1¢ 0,5
crowning
6 End relief Appropriate amount Cin, 0,7 0,7
see annex D
& For appropriate’crowning, Cg, see annex D.
b ptedominantly applied for applications with constant load conditions.
¢ valid-Hor very best practice of manufacturing, otherwise higher values appropriate.

5741 Minimum values for Kyg_co

For gear pairs without helix correction or crowning, the minimum value for Ky is 1,25; for gear pairs with
appropriate helix correction and crowning, the minimum value for Kyg is 1,10. A favourable contact pattern shall be
verified.

8) With a favourable position of the contact pattern, the elastic deformations and the manufacturing deviations compensate
each other (see Figure 1, compensative roles).
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Figure Position of contact pattern Determination of Fgy
a) Contact pattern lies towards mid bearing span Fpx In accordance with equation (41)
(compensative)
L o7 L
T | T
—
- -
b) Contact pattern lies away from mid bearing span Fpx In  accordance with equation (40)
(augmentative)
L o7 L
T | T
—
- -
c) Coftact pattern lies towards mid bearing span Fpx In accordance with equation (40)
|K’| x I x slehy? (dy/dg)* < B
J_' T J_' T* (augmentative)
T 1 T : : .
Fpxdn accordance with equation (41)
S N7 x | x sidy” (dy/dg)*> B
- — (compensative)
d) Coftact pattern lies away from mid bearing span Fpx In accordance with equation (41)
|K’ x I x s/d,” (dy/dg)* = B - 0,3
J.. T J.. T* (augmentative)
T T T Fpx in accordance with equation (41)
|K7 x 1 x gd;? (dy/dg)*< B - 0,3
—_—A (compensative)
- -
e) Coftact pattern lies towards the-bearing span Fpx in  accordance with equaftion (40)
(augmentative)
L L7
T T |
—_—
- -
f) Coftact\pattern lies away from the bearing span Fgx in accordance with equafion (41)
) ) (compensative)
L L T
—_—
- -
NOTE Figures a) to d) show the most common mounting arrangement with pinion between bearings. Figures e) to f) show the
overhung pinion.
T Input or output torqued end, not dependent on direction of rotation.
B* B* = 1 for spur and single helical gears; B* = 1,5 for double helical gears, the peak load intensity occurs on the helix near to the
torqued end.

22

Figure 1 — Rules for determination of Fg, with regard to contact pattern position
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Factor K~
with | without Figure Arrangement
stiffening®
0,48 0,8 a) with ¢l < 0,3
s
e L g L
11
/2 /2
[ |
-0,48 -0,8 b) with 1< 0,3
s
L] do_ T
11
/2 /2
[ |
1,33 1,33 C) with ¢1 < 0,3
\
A | L7
\ 1
{ s
l |
-0,36 -0,6 d) with ¢/l < 0,3
s
LT L
T 1 LT
/2
-0,6 -1,0 e) with ¢/l < 0,3
s
L] T L
T 1 + T
/2
8  When d,/dg,, > 1,15, stiffening is assumed; when d,/dg, < 1,15, there is no stiffening; furthermore, scarcely any or no
stiffening at all is to be expected when a pinion slides on a shaft and feather key or similar fitting, nor when normally shrink
fitted.
T* Input or output torqued end, not dependent on direction of rotation.
A dashed line indicates the less deformed helix of a double helical gear.
Determine fg, from the diameter in the gaps of double helical gearing mounted centrally between bearings.

Figure 2 — Constant K’ to substitute in equations (42) and (43) for calculation of fg,

© ISO 2001 - All rights reserved
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5.7.4.2

Equivalent misalignment, fgy

For spur and single helical gears:

F Is(dp ) b )
fsh:_m0,023 1+K,_2[_1J -0,3(+0,3 [—]
b dl dsh dl

(42)

The calculation of fg, for double helical gears is relative to the helix nearest to the shaft end which is driven or

which drives t

he load.

4 2
F I
f ¢, =1 0,046 1,5+K'—2[ﬂ] ~0,3|+0,3 [@J (43)
b dl dSh dl
where
b= ZbB,
bg is the width of one helix.
In equations (42) and (43), K’ sand | are according to Figure 2.
In Figure 2, the pinions shown in dashed lines indicate those helices,of double helical gears, which have the lower
value of fg, apd normal shrink fit (for a normal shrink fit, the supporting effect is negligible). The root digmeter shall
be somewhat|greater than the shaft diameter.
5.7.4.3 Misalignment due to manufacturing inaccuracies, f,5
The misalignment due to manufacturing inaccuracies’fy,, equals the helix tolerance fyg:
fma = frfp (44)
The greater of the wheel and pinion value should be used.
NOTE Aslit is theoretically possibfe that manufacturing tolerances of pinion, wheel and shaft alignment may sym up to the
worst case, satjsfying load distributien*should be verified by e.g. contact pattern control.
5.8 Face lpad factor;Kgg
_ K NF
Krp = Ky (45)
a) if b/h > 3, then
(b/h)? 1
F= 2 = 2 (46)
1+ b/h+(b/h)* 1+ h/b+(h/b)
b) if b/h <3, then
Nk = 0,692 3 (47)
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where

b is the smaller of the facewidths of pinion and wheel measured at the pitch circles. Chamfers or rounding of
tooth ends shall be ignored. For double helical gears the width of one helix, bg, shall be substituted.

h s the tooth height from tip to root: h = (d, — df)/2.

5.9 Transverse load factors, Ky, Kg,

5.9.1 General

The transvérse load factors account for the effect of the non-uniform distribution of transverse load be}ween several
pairs of simultaneously contacting gear teeth, as follows: Ky, for surface stress, and Kg, fortooth-root stress.

Method B qf ISO 6336-1:1996 is applied.

5.9.2 Determination of the transverse load factors
Equations [(48) and (49) are based on the assumption that the base pitch déviations appropriat¢ to the gear
accuracy specified are distributed around the circumference of the pinion and ‘wheel, as is consistent with normal
manufactutling practice. They do not apply when the gear teeth are intentionally-modified.

In the folloying equations use c, from annex A and y,, from 5.9.4.

— For geprs with total contact ratio e <2

N

=Kpg=—1]0,9+0,4 Y P> "o/ 48
Ho = KFa 2 [ FtH/b (48)

— For geprs with total contact ratio &> 2

2(cy—1) cy(f o
Ho =K =0,9+0,4 (€1 <D ov (T~ Yo (49)
Ey I:tH/b

In equationss (48) and (49), the larger of (fop1 — Y1) and (fop2 — Yo2) is used.

N

5.9.3 Limiting conditiefis/for Ky, and Kg,

When, in agcordancg with equations (48) and (49, and

&€ ) <
when &y = Kpo > ——, then for Ky and K g, Substitute ——
caZe TaZe

(50)

and when Ky, < 1,0, and respectively Kg, < 1,0, then substitute for Ky, and respectively for Kg,, the limit
value 1,0.

It is recommended that the accuracy of helical gears be chosen so that K, and K¢, are no greater than ,. As a
consequence, it may be necessary to limit the base pitch deviation tolerances of gears of coarse quality grade.
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5.9.4 Runni

a) For &, V:

ng-in allowance, y,,

160

= f
OHlim

pb

if v < 5 m/s, no restriction;

— if5m/s <v < 10 m/s, the upper limit of y, = 12 800/0} jim, corresponding to fu, < 80 pm;

— ifv>

b) For Eh, IR

Ya

for all spg

6 Calculs
6.1 Basic

6.1.1 Gene

The calculatig
point of singl
Contact stres

shall be < oy

6.1.2 Deterination of contact stress; oy, for the pinion

Contact stres

10 m/s, the upper limit of y, = 6 400/c} |, corresponding to f,, < 40 pm.
, NT (nitr.) et NV (nitr.):
= 0,075fy,

peds with the restriction: the upper limit of yg = 3 um, corresponding to-fzp)= 40 pm.

tion of surface durability (pitting)
ormulae

al

n of surface durability is based on the contact stress, oy, at the pitch point or at the inn

b pair tooth contact. The higher of the*two values obtained shall be used to determin
oy, and the permissible contact stress; oy, shall be calculated separately for wheel and

;1

E, o, for the pinion is calculated as follows:

OHo =B oHo | KaAKWKygKhe <onp
with
i t utl . . .
OHo = AHZEZ< ZB\ TS (use the negative sign for internal gears)
1 u
where

(51)

(52)

er (lowest)
e capacity.
pinion; oy

(53)

(54)

OHo is the nominal contact stress at the pitch point; this is the stress induced in flawless (error free) gearing by

appli

cation of static nominal torque;

is the facewidth (for a double helical gear b = 2bg), and the value b of mating gears is the smaller of the

facewidths at the pitch circles of pinion and wheel, ignoring any intentional transverse chamfers or tooth-
end rounding; neither unhardened portions of surface-hardened gear tooth flanks nor the transition zones,

shall

Zg

26

be included;

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

ISO 9

ermination of contact stress, oy, for the wheel

Contact stress, oy, for the pinion is calculated as

oy =

where

Zy is
The total t
path gear
and manuf

Zp oo KaKyKgKpe <onp

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

ains is not quite evenly distributed over the individual meshes (depending on design;tan
cturing accuracy). This shall be taken into consideration by substituting K, Kp forjKa in

and equation (55) to adjust the average tangential load per mesh as necessary; see clause,5:
6.1.4 Determination of permissible contact stress, oyp, for long life
In this International Standard, Method B of ISO 6336-2:1996 is used.
OHli o
OHPfef = H“r_n ZLZvZRZwW ZLX= HG_
H min H min
The permigsible contact stress (long life) shall be derived from, equation (56), with the influence
SHmine 2Ly 4vs Zr 2y and Zy calculated according to this International Standard. However, according t
the values pf oy ji,, are validated for N_ =5 x 107 load cycles*(for St, V, Eh) or 2 x 105 load cycles [fa
NV (nitr.), NV (nitrocar.)]. This number is likely to be exceeded in the life of a marine gear. If this is
refer to ISP 6336-2 for the limited life range. Nevertheless, values of oyp s derived from equatiory
substituted| for oy, given optimum conditions, material, lubrication, manufacturing and experience;
values for ¢y, are obtained for material quality'MQ according to 1ISO 6336-5:1996 using equation (57)
For St, V, gh:
0,0157
onp +0,92 51p f[ﬁj - _OHG
F0, e =
Ni SH min
For If, NT (pitr.), NV (nitry), NV (nitrocar.):
0,0098
onp F 0926 1p f(ﬂJ — _OHG
- 0, e =
NL SH min

083:2001(E)

(55)

tems, or split-
gential speed
equation (53)

(56)

factors oy jim»
b 1SO 6336-2,
r If, NT (nitr.),

not the case,
(56) may be
otherwise the

(57)

6.1.5 Safety factor for surface durability, S

$4 shall be

calculated separately for the pinion and wheel:

—OHG

SH=

> SHmin
OH

(58)

with oy for endurance according to equation (57); oy shall be in accordance with equation (53) for the pinion, and
with equation (55) for the wheel (see 6.1.1).

©1S0 2001 -
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NOTE This is the calculated safety factor with regard to contact stress (Hertzian pressure). The corresponding factor
relative to torque capacity is equal to the square of S.

For the minimum safety factor for surface durability, S4 i, @and probability of failure, see 4.1.3 of ISO 6336-1:1996.

6.2 Single pair tooth contact factors, Zg, Z

When Zg > 1 or Zp > 1, the factors Zg and Zp are used to transform the contact stress at the pitch point of spur
gears to the contact stress at the inner (lowest) limit of the single pair tooth contact of the pinion or the wheel.
See 6.1.1.

a) Internal gpars
Zp is alwgys to be taken as unity.
b) Spur geals

Determine M; (quotient of p.c at the pitch point p. g at the inner limit (lowest/point) of single tooth pair
contact of the pinion) and M, (quotient of p,e| c bY prel p Of the wheel) from:

t
My = =t 3 (59)
2 2
dai_, _2m|| [daz 4 (e _1)21
o
d 21| \d 52 22 |
t
M, = tanawy, _ (60)
2 2
daz_y _2n) [da1_y _(f_1)2"
db2 22_ dbl Zl_

(See 6.52 for the calculation of the profile’contact ratio €.)
If My > 1fthen Zg = My; if My < 1, then' Zg = 1,0.
If My > 1[then Zpy = My; if My'O1, then Zp = 1,0.
c) Helical ggars with eg 1
Zg=7Zp31

d) Helical ggars\with eg <1

Zg and Zp are determined by linear interpolation between the values for spur and helical gearing with g > 1:

Zg =My —eg (M1 - 1);Zg 21

>
61
Zp =My —eg(Mp - 1); Zp 21 (61)

If Zg or Zp are set to unity, the contact stresses calculated using equations (53) or (55) are the values for the
contact stress at the pitch cylinder.

The methods in 6.2 apply to the calculation of contact stress when the pitch point lies in the path of contact. If the
pitch point is determinant and lies outside the path of contact, then Zg and / or Zy or both shall be determined for
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contact at the adjacent tip circle. For helical gears when &g is less than 1,0, Zg and Zp shall be determined by
linear interpolation between the values (determined at the pitch point or at the adjacent tip circle as appropriate) for

spur gears

and those helical gears with g > 1.

6.3 Zone factor, Zy

The zone factor, Z, accounts for the influence on Hertzian pressure of tooth flank curvature at the pitch point and

transforms

the tangential force at the reference cylinder to the normal force at the pitch cylinder.

/2 cos By, COS

Zn= — (62)
\' cos® oy sinary,
6.4 Elasticity factor, Z¢
The elasticjty factor, Zg, takes into account the influences of the material properties E (medulus of elasticity) and v
(Poisson's ratio) on the contact stress. As this International Standard is only applicalile)to steel gears, |[Z¢ is fixed to
Zy =189,8 (63)
6.5 Contact ratio factor, Z_
6.5.1 General
The contadt ratio factor, Z_, accounts for the influence of the transverse contact and overlap ratios gn the surface
load capacity of cylindrical gears.
a) Spur gegars:
4—¢
Ze={—5" (64)
The consefvative value of Z_ = 1,0 may-be chosen for spur gears having a contact ratio less than 2,0.
b) Helical|gears:
If ep < 1, then
4 €
zE:Jﬂa —ep)t (65)
3 Co
If €p > 1, then
1
Ze= |— (66)
€o
6.5.2 Transverse contact ratio, &,
€a = Yo/ Pot (67)
with length of path of contact:
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1

9,575

[\/ d2,-dZ +y d2,-dE ]—asinawt

and transverse base pitch:

pbt = mtTC Cosat

The positive s

ign is used for external gears, the negative sign for internal gears.

(68)

(69)

Equation (69) is only valid if the path of contact is effectively limited by the tip circle of the pinion and the wheel and
not, for example, by undercut tooth profiles.

6.5.3 Overlgp ratio, &g

_bsing
EB— I
T NMn

See 6.1.2 for the definition of facewidth.
6.6 Helix angle factor, Z;
The helix angle factor, Zg, takes account of the influence on surface stress'of the helix angle.

Zp= \/Eﬁ
6.7 Allowgble stress numbers (contact), o jim
ISO 6336-5 provides information on commonly used gear materials, methods of heat treatment, and th

of gear qualit
gears.

See, too, ISO
Material quali

6.8 Influern

6.8.1 Genet

As described
of tooth-flank
contact zone.

y on values for allowable stress numbers, oy |im, derived from test results of standard ref

6336-5 for requirements concerning material and heat treatment for qualities ML, MQ, M
y MQ shall be chosen for marine gears, unless otherwise agreed.

ces on lubrication-fim formation, Z, Z, and Zg

al

in ISO 63362, Z, accounts for the influence of nominal viscosity of the lubricant, Z,, for th
velocities, and Zg for the influence of surface roughness on the formation of the lubrican
Method B of ISO 6336-2:1996 is used in this International Standard.

(70)

(71)

e influence
erence test

E and MX.

e influence
film in the

Factors shall be determined for the softer material when the hardness of meshing gears is different.

6.8.2 Lubricant factor, Z

Z, can be calculated using equations (72) to (75):

Z =Czy +

a) If oy jim <

30

4(10-Ca) _

2]

850 /mm?Z, then

L4 (L0-Cy )

2]

1,2+ﬂ

V5o

1,2+ﬁ

Vao

(72)
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Cz =0,83 (73)
b) 1f 850 N/mm2 < oy jim < 1 200 N/mm?2, then
CoL= Z';';“; +0,635 7 (74)
c) If 6 jim > 1 200 N/mm?2, then
C, =091 (75)
Alternatively, Z, can be calculated from equation (76):
Z =|CzL +4(1,0-Cgz)vs (76)
where
v = 1/(1,2 + 80/ )2
using the v|scosity parameters from Table 5.
Table 5 — Viscosity parameters
ISO viscgsity class VG 322 VG 462 VG 682 VG 100 VG 150 VG 220 VG 320
Nominal fiscosity
Va0 mm?2/s 32 46 68 100 150 220 320
V50 mm?/s 21 30 43 61 89 125 180
\:fiscosm parameter | 4 040 0,061 0,107 0,158 0,227 0,295 0,370
&  Only|for high speed transmission.
6.8.3 Speged factor, Z,
Z, can be dalculated using_equations (77) and (78):
2,20, + S2EC) @)
0,8+ —
v
where
Cz,=Cy +0,02 (78)
see equations (73) to (75) for the values of C4, .
Alternatively, Z, can be calculated from equation (79):
Zy =Czy+2(1,0-Czy)vp (79)
where the velocity parameter v, = 1/(0,8 + 32/v)0.5
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6.8.4 Roughness factor, Zg

6.8.4.1 Ca

Zg may be ca

Iculation of Zg

Iculated using the following equations:

ZR= (80)
Rz;0
where
c
1,20a%3 |
ZR = | 44— (81)
Rz, + Rz,
6.8.4.2 Roughness values
+
Ry= ALt RZy (82)
2
Rz, , is measured on several tooth flanks. The mean roughness Rz; (pigion flank) and the mean roupghness Rz,
(wheel flank) [shall be determined for their surface condition after manufacture, including any running-ip treatment
planned as amanufacturing, commissioning or in-service process, when safe to assume that this will take place. If
the stated rogyghness is an Ra value (= CLA value; = AA value), the following approximation may be used for the
conversion:
Ra=CLA=AA:€ (83)
Reyo = Re 30 (84)
Pred
_ HiP2
Pred= . - (85)
red pl+ P
where
P12=0,%dpq > tan o (86)
(also applicalfle forinternal gears, dy, then being negative sign)
6.8.4.3 Material dependent index, Czr
a) If oy jm < 850 N/mm?2, then
CZR :0,15 (87)
b) If 850 N/mm2 < oy jm < 1 200 N/mm?2, then
Czr =0,32-0,00020H jim (88)

32
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c) If oy jm> 1 200 N/mm?2, then

Cc

7R :0,08

6.9 Work hardening factor, Z,

(89)

As described in ISO 6336-2, the work hardening factor, Z,, takes account of the increased surface durability due to

the meshing of a steel wheel (structural steel, through-hardened steel) with a pinion significantly (~ 200 HV or
more) harder than the wheel and having smooth tooth flanks (Rz < 6 um, otherwise effects of wear are not covered

by this International Standard). Method B of ISO 6336-2:1996 is applied, as follows.

If HB < 13(

Zw=14

If 130 < HE

Zw =

If HB > 47(
Zw =1
where HB i

6.10 Size

By means
occurs dec
of the influ
the influen
parameterg

a) materig

b) heattr

radius

c)

d) modul

effect)

, then
,2
< 470, then

_ HB-130
1700

, then
.0

5 the Brinell hardness of the tooth flanks of the softer'gear of the pair.

factor, Zy

(90)

(91)

(92)

pf Z,, account is taken of statistical evidence indicating that the stress levels at which fafigue damage

rease with an increase of componentsize (larger number of weak points in structure), as a
bnce on subsurface defects of the'smaller stress gradients that occur (theoretical stress
e of size on material quality (effect on forging process, variations in structure, etc.). Impo
are:

| quality (furnace charge, ‘cleanliness, forging);

patment, depth ef hardening, distribution of hardening;

of flank curvature;

. in the'case of surface hardening; depth of hardened layer relative to the size of teeth (co

conseqguence
analysis) and
tant influence

re supporting-

For through-hardened gears and for surface-hardened gears with adequate case depth relative to tooth size and
radius of relative curvature, the size factor, Z,, is taken to be 1,0.

7 Calculation of tooth bending strength

7.1 Basic formulae

7.1.1 General

As specified in 1ISO 6336-3, the maximum tensile stress at the tooth-root may not exceed the permissible bending
stress for the material. This is the basis for rating the bending strength of gear teeth.

©1S0 2001 -
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The actual tooth-root stress, o, and the permissible bending stress, orp, shall be calculated separately for pinion
and wheel; o shall be less than ogp.

7.1.2 Determination of tooth root stress o

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

Tooth root stress, o, is calculated as follows:

Or = 0o Ka Ky Kpg Keg < Opp

(93)

with

_ F
OF0~ ]

b

In the case of]
tangential loa|

- YEYsYp
n

gear trains with multiple transmission paths, planetary gear systems or.split-path gear trai
[ is not quite evenly distributed over the individual meshes (depending’on design, tange

and manufacturing accuracy). This shall be taken into consideration by substituting Ky Ka for K in equg

adjust the ave

When the fac
of its teeth sH
each end. Ho|
face, then thg
cylinder of the

rage tangential load per mesh as necessary (see clause 5).

ewidth b (for a double helical gear b = 2 bg) is larger than that of its mating gear, the bendi
all be based on the smaller facewidth plus a length, not-exceeding one module of any €
Wwever, if it is foreseen that, because of crowning orehad relief, contact does not extend td
smaller facewidth shall be used for both pinion_and wheel. Facewidth b is the facewidth
gear.

7.1.3 Determination of permissible tooth root stress; orp

OFPref 5

According to
likely to be ex
Nevertheless
material, man

orp =0,

OFG
SF min

OFE
SF min

YorelTYRrel TYX =

SO 6336-3, the values df oF ji,, and ogg are validated for N| = 3 x 10° load cycles. This

values of opyp s.0€rived from equation (95) may be substituted for ogp, given optimum
ufacturing and experience; otherwise the value for opp is obtained by equation (96).

10

0,01
10 j
L

OFG
D2 o =—
FPref[ N

SF min

(94)

NS, the total
ntial speed
tion (93) to

ng strength
Xtension at
the end of
at the root

(95)

number is

ceeded in the life of amarine gear. If this is not the case, refer to ISO 6336-3 for the limited life range.

conditions,

(96)

7.1.4 Safety-factorforbendmgstrengtir;

The factor S

S

shall be calculated using the following equation:

_OFG
SE=—— 2 SFmin

OF

(97)

S is calculated separately for pinion and wheel, with org calculated in accordance with equation (95) or (96) as
appropriate, and o obtained with equation (93).

More information on the safety factor and probability of failure can be found in ISO 6336-1:1996, 1.3.
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7.2 Form factor, Yg

7.2.1 General

Yg is the form factor by means of which the influence of tooth form on nominal bending stress is taken into account.
Yg is relevant to the application of load at the outer limit of single pair tooth contact. (method B of
ISO 6336-3:1996).

Values of Yg are determined for spur gears and the virtual spur gears of helical gears. Virtual spur gears have the

virtual num

Yg shall be

f hee

ber of teeth z,. See 7.2.4 for the calculation of z, and other virtual gear parameters.

determined separately for wheel and pinion from the following equation (see Figure 3),

COS Upen

m
Yg =

.\
Fn\ cosary,
mn

Fon/(b/cos fBy) = Foi/b

XFen

a Base cifcle.

The equati
restrictions

a) the cor

Figure 3 -</Determination of dimensions of tooth-root chord at the critical section

bns givenshere apply to all basic rack tooth profiles with and without undercut, but with

taet point of the 30° tangent lies on the tooth-roaot fillet;

b) the basic rack profile of the gearing has a root fillet;

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

©1S0 2001 -
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mln/) bl
A 3 |
L |

\ pr :
éE \ St | éE |
| |
+ | + |
S | S |
a) With undercut b) Withoutundercut

Figure 4 — Dimensions and basic rack profile of teeth{finished profile)

7.2.2 Paranjeters required for the determination of Yg

First, determipe the auxiliary values E, G and H:

T Spr ; Pip
E=—my |- hp tana, + -(1-sine,) —— 99
4 M fP n cosa,, ( n) cosa, (99)
where
Sor = Pr —|q (see Figure 4);
Sor = 0, when gears are not undercut((see Figure 4)
g=Le | Mwe (100)
ml’] mn
:3[1_5 T (101)
Zn 2 Mp 3
Next, use G ahd K together with = n/6 as a seed value (on the right hand side) in equation (102).
Q:Etane— H (102)
Zn

Use the newly calculated @ and again apply equation (102). Continue using equation (102) until there is no
significant change in successive values of 6. Generally, the function converges after two or three iterations of
equation (102). Use this final value of 8in equations (103), (104) and (105).
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Tooth-root normal chord, sg:

083:2001(E)

S .
ﬂ:zn5|n(£—0)+\/§ _G _re (103)
my 3 cos® mj,
Radius of root fillet, pg:
PE _ Pip 2G2
Lt S + 5 (104)
My My cos@(z,co0s“0-2G)
Bending mpment arm, hgg:
O gn =[Arccos [%) (105)
den
Ol5n+2 tan . .
Ye= mToXXxan%n +invo, —invo e, (106)
Zn
. 0,5t + 2 X tan
OFen F Oen — Ve =tanag, —invo, — T z . In (107)
n
Nee ; den T G Pip
— 4 0,5 |(cosy,—-siny, tana — — Zz,C0S| =40 |- + — 108
. ( 7e 7e Fen) m, n 3 cos@ m, ( )
7.2.3 Intgrnal gears
It is assumgd that the value of the form factor ef(a‘special rack can be substituted as an approximate value of the
form factor|of an internal gear. The profile of(Sueh a rack should be a version of the basic rack profile, modified in
such as wdy that it would generate the normal profile, including tip and root circles, of an exact counterpart gear of
the internal gear. The load direction angle.is ¢, (see Figure 5).
SFn2
P2 &
KO" 30° &
Vaa [ =
— ~ d
vl /\K / i
(
N XFen = %y
an/(b/EOS ﬂb] = be/b
© © © °
a o o g
Figure 5 — Parameters for determination of form factor, Yg, of an internal gear
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The values to

Tooth-root no

hipo — -s
SFn2 _,| 72 | NP2 Pip2 tanay, + Ptp2 " Spr  Pip2 c

Mn

where

Pip2

be used in equation (98) are determined as follows:

rmal chord, sgpo:

V3
0s —
6

4 mp, m,coso, my,

is tool radius (see below).

Bending monj

hre2 _ d

ent arm, hggo:

Mn
where

Pip2

den2

dfn2

Obtain hgp,, fr

hip2=—
Root fillet rad

When the roo

Pr2= Pt

(dnfo represents the diameter of a circle near the tooth-root, containing the limits of the usable flanks of

gear).

If sufficient dg

en2—df2 | T | hip2 _den2—dm2 tano, tanan—m(l—smﬁ)
2my 4 Mn 2mn M °

s tool radius (see below);
s derived from equation (121) adding the subscript 2;
s derived in the same way as dg, [equation (121), notesthat d,o — dip = dpo — do].

bm equation (111), refer to equation (113) and related information for psps.

dj2 —dm2

2

Us, oga, tool radius, pspo-

fillet radius, pgo, is known(it)shall be used. Otherwise:

__ C _hio=hnfo _ dnf2—df2
l-sina, @&=Sinae 2(1-sina,)

P 2

ta atetnot available, the following approximation may be used:

PE2 = Pipp = 0,15m,

Ensure that the correct sign is used; see the footnote in Table 1.

7.2.4 Parameters for the virtual gear

Bg=arccos \/1— (sin Bcosay, )2

Zn

38

z

coszﬂb cos 3

(109)

(110)

(111)

(112)

an internal

(113)

(114)

(115)
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Approximation:

z
cosB

n =

€a

€oan~" o5
cos2py,

dn=
cos?By,

=Myzy

ISO 9083:2001(E)

(116)

(117)

(118)

Ppn = T My cosary,

dpn=din COSap

dan=@n+da—d

z
=2 —
Ger 1% 1)

dan

=) -(%

7.3 Streps correction factor, Yg

2
dbn

nd cos S cosay
(€Ean

_1) +(

The value ¢f zis positive for external gears and negative for interpal'gears (see clause 3, footnote 2).

2

2
dbn

(119)
(120)

(121)

(122)

The stress[correction factor, Yg, is used to convert the-nominal bending stress to local tooth root stregs. Yg shall be
determined separately for pinion and wheel. Yg isvalid in the range 1 < g5 < 8.

[V(121+23/L)]

Ys=([L.,2+0,13L)q,

where
L= il
he
- ¥n
ds 2o,
with

(123)

(124)

(125)

S, from equation (103) for external gears, equation (109) for internal gears;
hre from equation (108) for external gears, equation (110) for internal gears;

pe from equation (104) for external gears, equation (113) for internal gears.
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7.4 Helix angle factor, Y

The tooth-root stress of a virtual spur gear, calculated as a preliminary value, is converted by means of the helix
factor, Yg, to that of the corresponding helical gear. By this means, the oblique orientation of the lines of mesh

contact is taken into account (lesser tooth-root stress).

If eg >1and g < 30° then

B
=1— 126
If eg>1 and > 30°, then
Yp=0,75 (127)
If ep<1 and |8 < 30°, then
=1- 128
YB GB 1200 ( )
If ep<1 and |3 > 30°, then
Yp=1-025 € (129)
7.5 Toothjroot reference strength, or¢
ISO 6336-5 pfovides information on values of o |, and .ogg for the more popular gear materials. The reguirements

for heat treatrn

The quality M[Q shall be used for marine gears unless otherwise agreed.

7.6 Relati

Y5 rel T apprg
ISO 6336-3:1

Y& rel T =

where

7

P
X1

x‘k

1+yp' 2"
1+4p"%s

hent processes and material quality for.quality grades ML, MQ and ME are also included.

e notch sensitivity factor, Y 1o 7

ximately indicates thg™~overstress tolerance of the material in the root fillet region. Mpthod B of
DI6 is used in this lnternational Standard.

(130)

is the slip-layer thickness taken from Table 6 as a function of the material,

is the value for the standard reference test gear: ;{} =12

is the relative stress gradient calculated using the following equation:®)

9) Applies for module m=5 mm. The influence of size is covered by the factor Yy (see 7.8).

40
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% =0,2(1+2q)

(131)

where
gs is the notch parameter obtained from equation (125).
Table 6 — Values for slip-layer thickness o’
Material @ P
mm
NT (nitr.), NV (nitr.), NV (nitrocar.) 0,100 5
yield point o = 500 N/mm? 0,028 1
yield point o, = 600 N/mm?2 0,019 4
limit of proportionality o , = 800 N/mm? 0,006 4
limit of proportionality oy , = 1 000 N/mm?2 0,001 4
kh, If 0,003 0
4 See Table 2 for an explanation of abbreviations used.
7.7 Relgtive surface factor, Yg o 1

The surfac

Primarily, t

The influenice of surface condition on tooth-root.bending strength does not depend solely on the surfg

in the toot

been suffigiently well studied to date fortit to be taken into account in this International Standard

applied he
NOTE

Besides su

p factor, Yg (el T, @accounts for the influence ontooth-root stress of the surface condition in th

is is dependent on surface roughness inthe tooth-root fillets.

root fillets, but also on the size and-shape (the problem of 'notches within a notch'). This s
is only valid when scratches or similar defects deeper than 2 x Rz are not present.

P x Rz is the preliminary éstimated value.

rface texture, othefHknown influences on tooth bending strength include residual compre

e tooth-roots.

ce roughness
Libject has not
The method

bsive stresses
tly shaped, or
. When grain
ph should be

(shot peen|ng), grain boundary oxidation and chemical effects. When fillets are shot peened, perfec|
both, a value slightly \greater than that obtained from the graph should be substituted for Yg e
boundary gxidation. or) chemical effects are present, a smaller value than that indicated by the grg
substituted|for YgyaiT-
a) ForV,|[ER/IF when Rz< 1 ym

YyRrelT =112
b) for NT (nitr.), NV (nitr.), NV (nitrocar.) when Rz< 1 um

YyrrelT = 1025

c) forV,Eh,IFifRz>1pum

Yyr rel T =1,674 - 0,529 (Rz +1)%%
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d) for NT (nitr.), NV (nitr.), NV (nitrocar.) when Rz> 1 um

YvRrelT =4,299 -3,259 (Rz+ 1)0,005 -

7.8 Size factor, Yy

Yy is used to allow for the influence of size on

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

— the stres$

— material quality, and

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

Yy is calculatd

gradients that In materials theory aecrease With Increasing dirmensions,

d in accordance with Table 7.

Table 7 — Size factor (root), Yy

Material & Normal module Size factor
Mh Yx
\% m, <5 Yx=1,0
5<m,<30 Yy = 1,03 — 0,006 mj,
30 <y Yy = 0,85
Eh, IF, TR 5 Yy =1,0
NT (nitr.) 5< m, < 25 Yy =1,05-0,01 m,
NV (nitr.) 25 <m, Yx=0,8
NV (nitrocaf.)
a8  See Table 2 for an explanation of the abbreviations used.

42
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Annex A
(normative)

Tooth stiffness parameters ¢ and ¢,

A.1 General

Atooth stiﬂhess parameter represents the requisite load over 1 mm facewidth, directed along the line [of action0) to
produce in|line with the load, the deformation amounting to 1 um, of one or more pairs of dewiation-free teeth in
contact.

Single stiﬁmess, ¢/, is the maximum stiffness of a single-tooth pair of a spur gear pair. It is"approximiately equal to
the maxim{im stiffness of a tooth pair in single pair contactl). Single stiffness ¢’ for-helical gears is the maximum
stiffness ndrmal to the helix of one tooth pair.

Mesh stiffngss, Cp is the mean value of stiffness of all the teeth in a mesh.

Method B ffom 1SO 6336-1:1996, used in this International Standard, is‘@pplicable in the range x; > X;

N
N

A.2 Sindle stiffness ¢

A.2.1 Calgculation of ¢
For specifi¢ loading, F; K5 / b > 100 N/mm2:
¢ =0,8 ¢y, Ckr Cgcos f3 (A1)

A.2.2 Theoretical single stiffness,C'y,

Cth =& (A.2)
where
q=Cy+ oy G (Caxq) + M1+ (Cexz) + MZ + (Cgx{) + (Cox3) (A3)
Zn1 Zn2 Zn1 Zn2

10) The tooth deflection can be determined approximately using F; (Fy, Fyy ...) instead of Fp;. Conversion from F; to Fy; (load

tangent to the base cylinder) is covered by the relevant factors, or the modifications resulting from this conversion can be
ignored when compared with other uncertainties (e.g. tolerances on the measured values).

11) ¢ at the outer limit of single pair tooth contact, can be assumed to approximate the maximum value of single stiffness when
€q > 1.2
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Table A.1 — Constants for equation (A.3)

C C, Cs C, Cs Cs o Cg Co
0,047 23 | 0,15551 | 0,25791 |-0,006 35|-0,116 54 |- 0,001 93 |- 0,241 88| 0,00529 | 0,001 82
A.2.3 Gear blank factor, Cg
Cr = 1 for gears made from solid disc blanks. For other gears:
Cr :1+-M (A.4)
o SR/ (5mn)
Boundary conditions:
when bg/b < 0,2, substitute bg/b = 0,2;
when bg/b > 1,2, substitute bg/b = 1,2.
See Figure Al for symbols.
A.2.4 Basidrack factor, Cg
Cg can be obfained from equation (A.5):
Cg = {1 + 0,5 (1,2—;&)} [1-0,02(20° - app,)] (A.5)
h
A.2.5 Additjonal information
a) Internal gears: approximate values af the theoretical single stiffness of internal gear teeth can be determined
from equgtions (A.2), (A.3), by thelsubstitution of infinity for z,.
b) Specific Ipad (F; Ka/b) < 100\N/mm
¢’=9,8ciLCrCp\COS B [%} o (A.6)
c) The abope.is'based on steel gear pairs, for other materials and material combinationg, refer to
ISO 633¢-1:1996, clause 9.
A.2.6 Mesh stiffness, c,
For spur gears with €, > 1,2 and helical gears with # < 30°, the mesh stiffness:
cy=¢" (0,75 &4 +0,25) (A7)

with ¢” accord

44

ing to equation (A.1).
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Figure A.1 — Wheel blank factor, Cg; mean values for mating gears of similar or stiffer wheel lank design
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Annex B
(normative)

Special features of less common gear designs

B.1 Dynamic factor, Ky, for planetary gears

B.1.1 Gene

In gear trains
there are sev
which has onl

Although valu
they can ne\

assessed usifg a more accurate procedure.

Method A should be preferred for the analysis of less common transmission designs. Refer t

ISO 6336-1:1

B.1.2 Calcu

Refer to 5.6.2
B.1.3 Reso

B.1.3.1 Gel

The resonand
other method

a)
b) two rigidly
c)
d)

one large

planetary

pinion shaft with diameter at mid-tooth depth, d,,1, about equal to the shaft diameter;

ral

which include multiple mesh gears such as idler gears and in epicyclic gearing, planet and
bral natural frequencies. These can be higher or lower than the natural frequency,ef a sing
y one mesh.

es of K, determined with the formulae in this International Standard shall-be considered ag
ertheless be useful as preliminary assessments. It is recommended that if possible

PDO6 for further information.

lation of the relative mass of a gear with external teeth

nance speed determination for less‘common gear designs

eral

e speed determination for, €ss common gear designs should be made using Method A
b may be used to approximate the effects. Some examples are the following:

connected, coaxial gears;
wheel driven by two pinions;

gears;

sun gears,
e gear pair

unreliable,
hey be re-

o 6.1.1 of

. However,

e)

idler gears:

B.1.3.2 Pinion shaft diameter equal to diameter at mid-tooth depth, dy;

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

normal mesh

stiffness Cy-

B.1.3.3 Two, rigidly connected, coaxial gears

The mass of the larger of the connected gears shall be included.
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