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Foreword

ISO (the Inte

rnational 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-governm

ental,_in liaison with 1SQ _ also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is @
rights. ISO s

ISO 17485 w

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

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stangards
the technical committees are circulated to the member bodies for voting. \Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 60, Gears.
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Introduction

The measurement and tolerance specification of bevel gears are very complex subjects that were in need of
international standardization. For these and other reasons, ISO/TC 60 approved the project based on a
proposed document, ANSI/AGMA 2009-B01, Bevel Gear Classification, Tolerances, and Measuring Methods.

meas
cons
form

Prior
cyling
spec

definitions, and a separate Technical Report, ISO/TR 10064-6, containing inspectiofi
uring methods. These practices and measuring methods include topics such cas
derations, CMM measurements, contact pattern checking, and advanced topics such|as be
analysis.

to the development of this International Standard, the accuracy grades)described in |
rical gears, were often used for bevel gears. However, this use wasnot always consis|
fic requirements and general practices followed within the bevel @ear industry. This

Stanglard contains items that are distinctly different from ISO 1328-1:1995;

— 1

he definitions, tolerance diameter and measuring directions are-specifically for bevel gears;

— @gccuracy grade tolerances are based on equations and noton tables;

— 1
[

The
cons

p that used by the DIN system of tolerances.

use of the definitions and accuracy grades: within this International Standard should
stent application of bevel gear geometrical(tolerances for the general benefit of industry.

racy grades
ractice and
anufacturing
el gear flank

50 1328, for
fent with the
International

here is approximately one grade difference in tolerancé’level between bevel and cylindrical gears, similar

improve the
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INTERNATIONAL STANDARD

ISO 17485:2006(E)

Bevel gears — ISO system of accuracy

1

This

Scope

nternational Standard establishes a classification system that can be used to communicat¢ geometrical

accufacy specifications of unassembled bevel gears, hypoid gears, and gear pairs. li~defings gear tooth

accufacy terms and specifies the structure of the gear accuracy grade system and allowabl€ valu

This

ES.

nternational Standard provides the gear manufacturer and the gear buyer with'a mutually advantageous

refergnce for uniform tolerances. Ten accuracy grades are defined, numbered 2'to 11 in order of decreasing

prec

gearipg. In general, these tolerances cover the following ranges:

wherg

See

dimepsions of a bevel gear,)tolerance tables are not provided. In order to provide an overvi
valugs of tolerances and graphs are given in Annex A.

This

incregsers, gear motors, shaft mounted reducers, high speed units, or other enclosed gear units 1

for a

Gear| design is beyond the scope of this International Standard. The use of the accuracy g
deter
users

ision. Equations for tolerances and their ranges of validity are provided in 5.4 for the defineq

,0mm < m,, <50 mm
% <z<400

$ mm < dy <2500 mm

gt s the tolerance diameter;
My, IS the mean normal module;

2 is the number of teeth.

Clause 6 for required and joptional measuring methods. As tolerances are calculated fro

International ,Standard does not apply to enclosed gear unit assemblies, including speed

given power,; speed, ratio or application.

accuracy of

m the actual
ew, example

reducers or
hanufactured

ades for the

mination of gear performance requires extensive experience with specific applications. Therefore, the

projected performance of unassembled (loose) gears when they are assembled.

of this International Standard are cautioned against the direct application of tolerance values to a

Tolerance values for gears outside the limits stated in this International Standard will need to be established
by determining the specific application requirements. This could require the setting of a tolerance other than
that calculated by the formulas in this International Standard.

© I1SO 2006 — All rights reserved
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2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced
document (including any amendments) applies.

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

ISO 23509"), Bevel and hypoid gear geometry

3 Terms| definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 1122-1, ISO 23509 anfl the
following terms, definitions and symbols apply.

Some of thg symbols and terminology contained in this document could differ fromthose used in [other
documents gnd standards. Users of this International Standard should assure themselves that they are psing
the symbols,|terminology and definitions in the manner indicated herein.

3.1 Terms and definitions

3.1.1
index deviafion
F

X
displacement of any tooth flank from its theoretical position, relativeto a datum tooth flank

3.1.2
mean normal module
Mmn
ratio of the mean pitch diameter in millimetres to e number of teeth in a normal plane at the mean|cone
distance

qd R
Mpn = 1-C0SfBy = — Mg COSP (1)
z Rg
where
d,, is the mean pitch diameter,

z is the number of.teeth,
P is thle mean-spiral angle,

R,, is tleomean cone distance,

Re is the outer cone distance, and

m,, is the outer transverse module

313

reference gear

gear of known accuracy that is designed specifically to mesh with the gear to be inspected for composite
deviation and contact marking tests

1) To be published.

2 © I1SO 2006 — All rights reserved
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314

total runout deviation

FI’

difference between the maximum and minimum distance perpendicular to the pitch cone, of a probe (ball or
cone) placed successively in each tooth space, with the probe contacting both the right and left flanks at the
tolerance circle approximately mid tooth-depth

NOTE Tolerances are provided in 5.4.4.

315

tooth mesh component single-flank composite deviation
fis ,In

valug of the greatest single-flank composite deviation over any one pitch (360°/z), aftet“removal of the
long-ferm component (sinusoidal effect of eccentricity), during a single-flank composite test,\wher) the wheel is
movegd through one revolution

NOTE This International Standard specifies the tolerance direction for tooth mesh component single-flank composite
deviation to be along the arc of the tolerance diameter circle in a transverse section. Tolerances are provided in 5.4.5.

3.1.6
total[single-flank composite deviation
i
total feviation, measured from minimum to maximum, during a single-flank composite test, when the wheel is

movegd through one revolution

NOTEH This International Standard specifies the tolerance direction for total single-flank composite deviation to be
along|the arc of the tolerance diameter circle in a transverse section. See Annex B. Tolerances are provided|in 5.4.6.

317
single pitch deviation
fpt
displacement of any tooth flank from its theoretical position relative to the corresponding flank of an adjacent
toothf measured by a probe from a point on a flank, to a point on the adjacent flank, gn the same
meagurement circle

See Figure 1.

NOTH 1 Distinction is madé as'to the algebraic sign of the measured value. Thus, a condition wherein tihe actual tooth
flank [position was nearer.te”the adjacent tooth flank than the theoretical position would be considerefl a minus (-)
deviafion. A condition wherein the actual tooth flank position was farther from the adjacent tooth flank than the theoretical
positipn would be considered a plus (+) deviation.

NOTH 2  This7International Standard specifies the tolerance direction of measurement for single pitch deviation to be
along|the arc.of\fhe tolerance diameter circle in the transverse section. Tolerances are provided in 5.4.2.

© I1SO 2006 — All rights reserved 3
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theoretical tooth flank position
actual togth flank position
theoretical circular pitch
measureTnent circle

B WODN -~

Figure 1 — Pitch deviations

3.1.8
tolerance dipmeter
dy
diameter where the mean cone distance, R, and the midpoint of the working depth intersect

See Figure 2

NOTE THe midpoint of the mean working depth is one“half the depth of engagement of the two gears at the |mean
cone distance| The value of d; can be determined by Equations (2) or (3).

dry=dm{+ 2(0'5 hnw = ham2)00351 =dm1+ (ham1 - hamZ)COS§1 )

d1g =db —2(0,5 My — ham2)C0S S, £ dis + (hama — ham1)COS S, 3)
where

dnq, 2 ip the mean pitchdiameter (pinion, wheel);

Pow is the mean-working depth;

Nam1,2  ip the mean addendum;

51, 2 i the pitch angle (pinion, wheel).

These values can be obtained from manufacturing summary sheets or by calculations shown in 1ISO 10300 or in
ISO 235009.

4 © I1SO 2006 — All rights reserved
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dr

Figure 2 — Tolerance diameter

3.1.9
total|cumulative pitch deviation

Fp

largept algebraic difference between any two index deviation.values for a specified flank (left or fight), without
distinction as to the direction or algebraic sign of this reading

See Figure 3.

NOTEH This International Standard specifies the tolerance direction of for total cumulative pitch deviatipn to be along
the arc of the tolerance diameter circle in the transvérse section. Tolerances are provided in 5.4.2.

Jl s
- v
|
W0 A Y
“:EL
"
1 2 3 4 6 ¥ 8 9 10
z
F, =index deviation
fpt = single pitch deviation
Fp = total cumulative pitch deviation
z  =tooth number

Figure 3 — Pitch data from single probe device
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3.1.10

transmission error

He

deviation of the position of the driven gear, for a given angular position of the driving gear, from the position
that the driven gear would occupy if the gears were geometrically perfect

NOTE See Annex B for discussion of transmission error and single flank composite deviations.

3.2 Fundamental terms and symbols

The terminology and symbols used in this International Standard are listed alphabetically by symbol in Table 1,

and alphabefically by term in Table 2. To convey the maximum amount of Information, however, the namjes of
a number tefms have been rearranged in order to group principle characteristics.
Table 1 — Alphabetical table of symbols, by symbol
Symbol Term (claz\égfsrjbglr:::eslgg ure)
A1 2 Mean pitch diameter (pinion or wheel) 3.1.8
dy Tolerance diameter 1
Fis Single-flank composite deviation, total 3.1.6
FisT Single-flank composite tolerance, total 5.4.6
Fp Cumulative pitch deviation, total 3.1.9
FpT Cumulative pitch tolerance, total 543
F. Runout deviation, total 3.1.4
Fr Runout tolerance 5.4.4
Fy Index deviation 3.1.1
fi Single-flank composite deviation, tooth mesh component 3.1.6
fis(design) Single-flank composite deviation, design’tooth mesh component 545
fisT Single-flank composite tolerance, togth mesh component 5.4.5
fot Single pitch deviation 3.1.7
forr Single pitch tolerance 5.4.2
Mo Addendum, mean 3.1.8
Pow Working depth, mean 3.1.8
Mgt Module, outef.transverse 3.1.2
Mon Module, mean normal 1
Ry Distance; outer cone 3.1.2
R Distance, inner cone Figure 1
Rn Distance, mean cone 3.1.2
Z 9 Number of teeth (pinion or wheel), tooth number 1
B Mean spiral angle 3.1.2
0 2 Pitch angle (pinion or wheel) 3.1.8
0, Transmission error 3.1.10
Characteristic symbols as subscripts
Symbol Term
m Mean
T Tolerance
1 Pinion
2 Gear

6 © I1SO 2006 — All rights reserved
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Symbol Term Where first usgd
(clause/subclause/figure)
Mo Addendum, mean 3.1.8
R Cone distance, mean 3.1.2
R. Cone distance, outer 1
R Cone distance, inner Figure 1
F, Cumulative pitch deviation, total 3.1.9
oT Cumulative pitch tolerance, total 514.3
d; Diameter, tolerance 3.1.8
Fy Index deviation 3.1
Mo, module, mean normal 3.0.2
Mgy module, outer transverse 3.01.2
Z 9 Number of teeth (pinion or wheel)
% 2 Pitch angle (pinion or wheel) 3.1.8
.1 2 pitch diameter, mean (pinion or wheel) 3.1.8
F. runout deviation, total 3.1.4
Fr Runout tolerance 5.4.4
f,s{design) Single-flank composite deviation, design tagth mesh component 54.5
fi Single-flank composite deviation, tooth;miesh component 3.1.6
fisT Single-flank composite tolerance,*toeth mesh component 54.5
Fis Single-flank composite deviation, total 3.1.6
FisT Single-flank composite tolerance, total 5.4.6
fpt Single pitch deviatien 3.0.7
fptT Single pitch tolerance 5.4.2
0, Transmission-error 3.1.10
B Mean_spiral angle 3.1.2
Pow Mean-working depth 3.[.8
4 Application of classification system

4.1 General

The classification system is a numeric code identifying the accuracy grade tolerance for a specific gear.

4.2 Accuracy grade classification

4.21 General

This International Standard provides for ten accuracy grades, numbered 2 to 11.

Accuracy grade 2 has the smallest tolerances; accuracy grade 11 the largest. These accuracy grades are
separated by a uniform geometric progression of tolerances (see 5.2).

© I1SO 2006 — All rights reserved
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4.2.2 Gear

accuracy evaluation

Gear accuracy is evaluated by comparing measured deviations with the numerical values calculated
according to the equations in 54. Measurements should be made relative to a datum axis. See
ISO/TR 10064-3 for further information on defining a datum axis.

The accuracy grade is determined for the parameters specified in Table 4; the overall accuracy grade is the
largest of these individual accuracy grades. Note that different accuracy grades may be specified for different
parameters, if required for specific applications.

In addition, it is recommended that if srngle flank composrte deviations are not measured, additional contact

pattern and |
requirementg
ISO/TR 1006

4.2.3 Example tolerance tables

For referenc¢ only, example tolerance tables are provided in Annex A.

4.3 Tolerance direction

The toleranc
or along the
measured v3

When the m
than normal,
the factor fo
tolerance dir

4.4 Addit

In certain ap
performance
surface finis
purchase sp

5 Tolera

5.1

Tolerance vialues ifor each item that governs accuracy are calculated by equations given in 5.4 an

expressed i

Tolerance values

should be agreed upon between customer and supplier prior to manufacture Ref
4-6 for further information on this subject.

e direction is specified in Clause 3. It may be normal to the tooth<surface, inclined at some &
lue shall be corrected to the tolerance direction.

pasurement instrument’s direction of measurement isthormal and the tolerance direction is
measurement values shall be increased before analysis and comparison to tolerances. Typ

r this adjustment is the cosine of the angle between the normal direction and the spe
bction.

onal characteristics
plications, there may be additional_tharacteristics that require tolerances to assure satisfz
For example, if tooth form tolerances, tooth flank tolerances, tooth thickness tolerancg

tolerances are desirable for.Special applications, such tolerances are to appear on drawin
cifications. Some methods for measuring these characteristics are discussed in ISO/TR 10

nces

h Jmicrometers. Values outside the limits of the equations are beyond the scope o

International

arc of a specified circle. If the measurement direction and“the tolerance direction diffef,

ngle,
the

other
cally,
cified

ctory
s, or
gs or
D64-6.

l are
this

Standard and are not to be extrapolated. The specific tolerances for such gears shall be a

reed

upon by the manufacturer and purchaser.

It is assumed that a calibrated measuring instrument of suitable accuracy is used in a proper environment.

See ISO/TR

10064-5.

Tolerance direction and measurement diameter are as defined in Clause 3.

5.2 Step factor

The step factor between two consecutive grades is J2. Values of the next higher (or lower) grade are
determined by multiplying (or dividing) by J2. The required value for any accuracy grade may be determined

© I1SO 2006 — All rights reserved
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-4
by multiplying the unrounded calculated value for grade 4 by \/E(B ), where B is the number of the required

accuracy grade.

5.3 Rounding rules
Values calculated from the equations in 5.4 shall be rounded as follows:
— if greater than 10 ym, round to the nearest integer;

— if 10 ym or less, and greater than 5 ym, round to the nearest 0,5 um;

— if 5 ym or less, round to the nearest 0,1 ym.
5.4 | Tolerance equations

5.4.1| General

All tolerances are defined in the transverse section at the tolerance diametetr.

5.4.2| Single pitch tolerance, f 1

The folerance for single pitch deviation applies to the absolute valde of the plus or minus measurement value.

Absolute single pitch tolerance, f, shall be calculated according to Equation (4):

forr = (0,003 dp +0,3 mpy + 5)(@ )(374)

wherge the range of application is restricted as follows.
Accuracy grades 2 to 11:

1,0 mm < my, <50 mm

5<z<400

5mm < dy £ 2.500Mmm

5.4.3|] Total cumulative pitch tolerance, FpT

Totallcumulative/pitch tolerance, FpT, shall be calculated according to Equation (5):

B-4
For'= (0,025 d1 +0,3 my, +19)(\/§\( !

—
where the range of application is restricted as follows.
Accuracy grades 2 to 11:
1,0 mm < my,, < 50 mm
5<z<400

5mm < dy <2500 mm

© I1SO 2006 — All rights reserved
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5.4.4 Runout tolerance, F 1

Runout tolerance, F,t, shall be calculated according to Equation (6).

Fr =0,

where the ra
Accurac

1,0

S <

5m

8(0,025 d +0,3 mpy +19)(J§)(3_4)

nge of application is restricted as follows.

y grades 4 to 11 only:

(4)

mm < my,, < 50 mm
z< 400

M < dp <2500 mm

5.4.5 Tooth mesh component single-flank composite tolerance, it

5.4.5.1

The determir
methods in o

5452 M

The design 3

General

ation of the single-flank composite tooth mesh component can-be accomplished by one of
rder of decreasing precision: Method A, B or C.

bthod A

nd manufacture determination of the single-flank:*composite mean tooth mesh component

and its varigbility, is developed using application experience, load capacity testing or both of the

determine th
5453 M

The peak-to

b required values. These values are regardless of quality grade.

bthods B and C

deviation is yised to determine the tooth mesh component. The highest peak-to-peak amplitude shall n

greater than
to-peak amp
one pitch of t

The maximu
gear pair sha

fisT max

fisT max and the lowest(peak-to-peak amplitude shall not be smaller than f 1 i, The
itude is the difference between the highest point and the lowest point of the motion curve
he bevel gear set beibg measured.

m and minimum'values of the single-flank composite tolerance, tooth mesh component, f1,
Il be calculated using Equations (7) and (8) or, alternatively, Equations (7) and (9):

B-4
= fis(esign) + (0,375 mpy, +5,0)(\/§)( )

three

alue,
5e to

peak amplitude of the short-term component (high pass filtered) of the single-flank composite

ot be
beak-
ithin

for a

®)

The value of figt min is the larger of the following:

fisT min

fisT min

10

= fis(design) — (0,375 mpmp, +5,O)(ﬁ)(374) or

=0

(6)

()
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If the value of fig1 i iS Negative, use fis1 min = 0. The range of application is restricted as follows.
Accuracy grades 2 to 11
1,0 mm < myp,, < 50 mm
5 <z<400
5mm < dy <2500 mm

If the measuring instrument reads in units of angle, the conversion to micrometers should be done at the
tolergrce didlllctcl, dT'

The Yalue of /5 gesign) Can be determined by Method B or C.

Methpd B: the design tolerance for tooth mesh component single flank compositeCdeviation, fis(desi n) for
Equations (7) to (9), should be determined with an analysis for the application desigh and testing congitlons.
Consjderation should be given to selecting the design value so that it includes influences such|as mounting
variation, variability of flank form and application operating loads. See Annex B for additional infofmation.

Methpd C: in the absence of a design and test analysis value for the application tooth mesh component single
flank |composite deviation, fis(design), it should be determined using Equation (10):

fis(design) = 4 Mmn + 1.5 (8)
Suggested values for the parameter ¢ are given in Table B,

5.4.6| Total single-flank composite tolerance, F.¢

The fptal single-flank composite tolerance, F ,shall be calculated according to Equation (11):
FisT = FpT + fisT max 9)
wherg the range of application is restricted as follows, if Fis is specified.

Accuracy grades 2 to 11
1,0 mm < mp5 <50 mm
5 <z<400

5 mm< dp < 2500 mm

6 Application of measuring methods

6.1 Methods of measurement

This International Standard provides classification tolerances and measuring methods for unassembled gears.
This clause presents the recommended methods of measurement.

Some design and application considerations may warrant measuring or documentation not normally available
in standard manufacturing processes. Specific requirements shall be stated in the contractual documents.

Gear geometry may be measured by a number of alternate methods as shown in Table 3. The selection of the
particular method depends on the magnitude of the tolerance, size of the gear, production quantities,

© IS0 2006 — Al rights reserved 1
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equipment available, accuracy of gear blanks and measurement costs. Different accuracy grades may be
specified for different elements.

The manufacturer or the purchaser could wish to measure one or more of the geometric features of a gear to
verify its accuracy grade. However, a gear specified to an accuracy grade shall meet all the individual
tolerance requirements applicable to the particular accuracy grade. In addition, if specified, tooth thickness
and either contact pattern or tooth form shall be measured in accordance with Tables 3 and 4. Unless
otherwise specified, all measurements are taken and evaluated at the tolerance diameter, dy.

Normally, the tolerances apply to both sides of the teeth unless only one side is specified as the loaded side.

In some cases, the loaded side may be specified to a higher accuracy than the non-loaded or minimum-
|Oaded Side; mformat ah ho cnoecifind aoanr an

f annlina ¥ ion all onthao ancinaarna-deawina
O HanoOr-SHai P CSP oMt O GCar— tngmeermg—trawmgr

hia thic
—apPPTCaOoTCtrirS

When this Infernational Standard is specified, unless otherwise agreed upon, the manufacturer shall*select

— the medsuring method to be used from among the applicable methods described in this’ International
Standargl and summarized in Table 4;

— the pieck of measurement equipment to be used by the selected measuring méthod, provided iff is in
proper cplibration; and

— the indijidual teeth to be measured, as long as they are approximately equally spaced and meg¢t the
minimum number required by the method as summarized in Table 3.

6.2 Recommended measurement control methods

No particular
upon betwe
recommendse
manufacturin

method of measurement or documentation is considered mandatory, unless specifically agreed
en  manufacturer and purchaser. When applications require measurements beyond those
d in this International Standard, special mgasuring methods should be negotiated prior to
g the gear.

The recomm|
listed in Tabl

ended methods of measurement control-for each accuracy grade and type of measurement are
bs 3 and 4.

6.3 Measyirement data filtering

Any tooth su
at one extrern
short duratio
duration rou
ISO/TR 1004

The tooth md

rface will exhibit a wide.spectrum of deviations from the specified tooth flank form. This inclludes,
ne, those of long duration, such as a spiral angle deviation. At the other end of the spectrum are
n irregularities, such-as surface roughness. Measurement and control of flank form and [short
ghness is beyond the scope of this International Standard. See ISO/TR 10064-4 and
4-6.

sh component tolerance of the single flank composite deviation requires filtering by definition.

6.4 Tooth contact pattern inspections

Checking tooth contact patterns with a mate or reference gear is a method of inspection for either assembled
gears, or gears mounted on a gear testing machine. It provides an indication of the compatibility of the tooth
shapes, both up and down the tooth profile, and lengthwise on the tooth. It evaluates that portion of the gear
tooth surface which actually makes contact with its mate. With this technique, the areas that contact can be
observed by coating the teeth with a very thin layer of marking compound and meshing the gears. A
judgement of compatibility may be made by the position and size of the contact area. It does not necessarily
indicate compatible tooth shape for loaded conditions. Progressive shifting of the tooth contact pattern around
the gear may indicate runout. This International Standard does not relate tooth contact patterns to gear
accuracy grades.
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Table 3 — Minimum number of measurements

Method designator

Typical measuring method

Minimum number of measurements

Elemental tests

Tooth form (TF)

CMM or CNC special software 2

Single pitch (SP) Two-probe All teeth
Single-probe All teeth
Total cumulative pitch (AP) Two-probe All teeth
Single-probe All teeth
Runout (RO) Ball-probe All teeth
Single-probe — index All teeth
Two-probe — 180° All teeth
Double-flank composite action All teeth

3 teeth approximately equally spaced

Com’tnosite tests
Tooth contact pattern (CP) Roll test machine All tegth
Single flank (SF) Single-flank tester (Annex B) All'teeth

Size

Tooth thickness (TT)

Tooth caliper

CMM special software

Roll test machine

2 teeth approximately equally spaced
3 teeth approximately equally spaced

3 teeth approximately equally spaced

a8  4ee ISO/TR 10064-6 for further discussion of this method.

Table 4 — Accuracy grades and measuring methods

Tooth size

Module > 1,0 mm @

Basif requirements ?: ¢

TT and (CP or TF) ¢

Accyracy Low Medium High
Accyracy grade ¢ 1-9 8-5 4|2
Mini1num requiremehts 0 © RO SP and RO SP anfl AP

AItellnative methods P ©

(SP and AP) or SF

b

a For < 1,0'module, see Annex C.

| etter'symbols used for measurement identifications are the same as those used in Table 3.

¢ Tooth thickness and either CP or TF shall be measured for all grades.

e Alternative methods may be used in place of minimum acceptable methods.

d Noise control requires good conjugacy of tooth form. Good control of TF, CP or SF (tooth mesh component) is necessary.
Alternative method SF with (CP and TT) is highly recommended.

© I1SO 2006 — All rights reserved
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Annex A
(informative)

Example tolerance tables

A.1 Purpose
This annex |is to provide example values of the tolerances that define the accuracy of bevel.gegring.
Tables A.1 gnd A.2 and Figures A.1 and A.2 are determined from the Equations given in 5@&.-Fgr the
tolerances, dpplication ranges on diameter, number of teeth and module, see 5.4.
Table A.1 — Single pitch tolerance, fptT’ grade 4
Tolerance diameter
Tooth size dr
mm
Mfy’ld“'e 100 200 400 600 800 1 000 1 500 250
mn
mm Jorr
um
1 5,5 6,0 6,5 — — — _ _
5 7,0 7,0 8,0 8,5 9,0 9,5 11 —
10 8,0 8,5 9,0 10 10 11 13 16
25 — 13 14 14 15 16 17 20
50 — — 21 22 22 23 25 28
Table A.2 —)Total cumulative pitch tolerance, FpT, grade 4
Tolerance diameter
Tooth size dr
mm
Mfy’ld“'e 100 200 400 600 800 1000 1 500 250
mn
L
mm opl
um
1 22 23 29 — — — — —
5 23 26 31 36 41 45 58 —
10 25 27 32 37 42 47 60 85
25 — 32 37 42 47 52 64 89
50 — — 44 49 54 59 72 97
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0 200 400 600 800 1 000 1,200 1400 1600 afy, mm
Key
1 1 mm module 3 10 mm module
2 3 mm module 4 25 mmmodule
Figure A.1 — Single pitch tolerance, fptT’ grade 4
FpT, MM A
80
70
: _
50 — =
/_ ///
40 =
3=
20 L=
10
0 >
0 200 400 600 800 1 000 1200 1400 1600 di, mm
Key
1 1 mm module 3 10 mm module
2 5 mm module 4 25 mm module

Figure A.2 — Total cumulative pitch tolerance, F,r, grade 4
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Annex B
(informative)

Single-flank composite measuring method

B.1 Purpose
This annex i$ provided as a discussion of bevel gear transmission error (deviation) and to give a defatltyalue
for tooth megh single flank composite deviation, fis yesign)- With single-flank testing, mating gears roli together
at their specffic mounting distance and alignment with only one set of flanks in contact. The gearipair should
have backlagh. Because single-flank testing of gears simulates operation in their application)-deviations of a
gear pair defected by this test is useful for controlling gear noise and vibration of gear units. It can al$o be
used to dete¢t nicks and burrs.
B.2 Structure of tester and obtained data
Figure B.1 shows the schematic view of the single-flank tester. The rotarysangles 6, and 6, are detected by
the rotary angle sensor, such as an encoder, attached to the pinion and wheel shaft. The transmission grror,
b, of the gear pair is calculated by Equation (B.1):

O =0, -[ﬂja (B.1)

z2
92
\
Key
1 rotary encoder
2 reading device
3 calculation of transmission error
4  filtering
5  Fourier transform
Figure B.1 — Schematic view of single-flank tester
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The recommended minimum number of measurement points for evaluating a single-flank parameter is
30 points per tooth. Then the data is filtered and Fourier transformed. The example of a transmission wave
form shown in Figure B.2 has the complex shape caused by the cumulative deviations of pinion and wheel.

prad b pm
200 ! 10
0 44 0
-200 - beomoemnneee ~f;8
-400 | i e 1-30
-600 ' F-40

270° 360°

2  Tpoth pitch.

b Jne revolution of pinion.

Figure B.2 — Example of transmission error

The g¢mall waves within one pitch are caused by tooth form deviations. Figure B.3 shows the high pass filtered
devigtion waves with the tooth pitch period corresponding to the variety ‘of tooth form deviations| Additionally,
the minimum and maximum value of the single-flank composite toathymesh component, fis in a4 fis max are
indicated. Figure B.4 shows the Fourier transformed deviations/ Sharp peaks can be seen jat the mesh
frequency and at the second order mesh frequency. These peak values, called first harmonid and second
harmpnic, are used to evaluate gear noise level.

Mrad f;srnin f;smax pum
40 — : y )

20. - : E 2
n.n.,.,..umlmlmmm,enmn.u ;
20} L " ”; Nil : 1]! HCRVRA M
: ! R -2
-40 -t e dowedocmcaldaat Fmmemmemmem-d 3
601 : | | I 4
0 90° 180° 270° 360°

Figure_B.3 — High pass filtered, single-flank composite deviations
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__________________________
L 4o
Mot
L+ 21— 0,01
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b) Order of tooth mesh frequency-log amplitude

Figure B.4 — Fourier transformed, single-flank composite deviations

B.3 Interpretation of single flank composite‘deviations

Single-flank gomposite deviations are composed of tooth form and pitch deviations. In Figure B.5, the elliptical
lines show a composite tooth flank form topology that is the relative tooth form modification between pinion
and wheel. Generally, bevel gears are designed to have this type of surface topology or ease-off to pvoid
edge contact under loaded conditions{ The line connecting points A to E represents the path of cqntact
between ong tooth pair of a spiral bevel gear set. In actual gears however, only the points from B to D are in
contact due fo transfer of contact from leading to trailing teeth. The line from B to D is therefore the actua| path
of contact.
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Key

1 path of contact
2 path of contact length corresponding to one pitch
3 gontour of ease-off

Figure B.5 — Construction of path of contact
Figure B.6 illustrates the effect of ease-off in a typical bevel gear design. The parabolic lines are g¢alled motion

curvgs and represent the rotational displacement, g,, of the gear relative to the pinion, where p ig the angle of
one Iitch. The points from A to E coincidexwith the points in Figure B.5. The sections of the npotion curves

from |A to B and from D to E represent theiareas where contact is transferred from the leading to frailing teeth.
The actual motion curve is the one represented by the thick line.
— p o
C 0
0
B D
Oe
]’ 1 1
A
v 2 3 4 5

Figure B.6 — Motion curves 1 to 5 of gears with no pitch deviation

Figure B.7 shows two examples of gear motion curves with pitch deviations. Case A shows the effect of a
single tooth that is equally thicker on each side than all the rest. The path of contact BD is longer than BD in
Figure B.5, because this thicker tooth remains in contact longer. Case B shows a more typical situation where
there is a sinusoidal pattern to the cumulative pitch (index) deviations of the gear causing longer then shorter
contact regions.
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Case B

Case A

Figure B.7 — Motion curves of gears with pitch deviation

B.4 Single-flank composite design tolerance

With single-flank testing, mating gears roll together at their specified mounting distance with backlash ang with

only one flank side of the teeth in contact at light or no load. Bevel gears aré normally tested as mated
Gears that afe lapped in sets should be tested and used as mated paits. Other types of bevel gears m
tested with a[suitable reference mate.

The value fpr the design tooth mesh component single-flank' composite deviation, fisyesign), Shou
determined With an analysis for the application design and the-testing conditions (Method B). See Table B

In the absengce of a design analysis value for the application, the design tooth mesh component single
composite deviation, fis(design), should be determined “using Equation (10), which contains factor ¢ list
Table B.1 (Method C).

esting alone is not a cure for all gear problems. It should be considered as one tool in the o
Esure consistent acceptable performance of bevel gears.

Single flank
strategy to a

B.5 Typicpl values

To avoid gedr noise problems or prevent premature gear failures typical values for tooth mesh compo
that are shown in Table B,1 have been used.

bairs.
by be

d be
A.
flank

ed in

verall

hents

It is the resp@nsibility;of the designer to specify appropriate tolerances. Further, it should be noted that a yisual
examination pf the'shape of the single flank trace is necessary.
Table B.1 — Typical values for amplitudes of single flank composite tooth mesh component
deviations
Typical values for amplitudes of Factor
Application single flank composite tooth mesh
component deviations 1
urad

Passenger car <30 0,05

Truck 20-50 1,0

Industrial 40 -100 2t02,5

Aircraft 40 — 200 (80 average) 2,0
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Annex C
(informative)

Accuracy of small module bevel gears

Purpose

This

and H
and t
when

The double-flank composite measurement accuracy system has different grade ranges than thos

body
differ|

For the purposes of this annex, the terms and definitions given in ISOA122-1 apply.

C.2

The
comg
highe
gene

I

4

:

C3

The manufacturer or/purchaser may wish to measure one or more of the geometric features of a
curacy grade/-However, a gear which is specified to an accuracy grade shall meet all the individual

its adg
tolers

0,2 mm <mg,<1,0mm

% mm < dr <300 mm

annex provides a system of accuracy relevant to double-flank composite deviations of.ing
ypoid gears of less than one module. It specifies the appropriate structure of the gearacc

small probes are available.

of this International Standard. In addition, the diameter, numbers of teeth and moduld
bnt.

Ranges of parameters
double-flank composite accuracy system compriSes nine accuracy grades for total

st and grade 11 the lowest. Equations for tolefances and their ranges of validity are provig
ral, these tolerances cover the following ranges:

<z<300

Measuring methods

nce requirements applicable to the particular accuracy grade and size as noted in Tables C,

Table C.1 — Measuring methods

ividual bevel
iracy system

he tolerance values. It also allows alternative methods, such as CNC instrument or CMM mgasurements,

e in the main
ranges are

double-flank

osite tolerance, Fy, or tooth-to-tooth double-flank” composite tolerance, fiyr, of which grade 3 is the

edinC4. In

gear to verify

1 and C.2.

Tooth size wear accuaracy animum acc: |2tab|e Alternative methods ¢ ¢
grade method
Module < 1,0 mm € All DF (CPand TT) SF (CP and TT) or SP, AP (TF and TT)f

a

b
c
d

e

Noise control requires good conjugacy of tooth form. Good control of TF, CP or SF (tooth-to-tooth) is necess

method CP, SF and TT is highly recommended.

Letter symbols used for measurement identifications are the same as those defined in Table C.2.
Alternative methods may be used in place of minimum acceptable methods.

Values for SP, AP or SF are determined by the Equations given in Clause 5.

Limited by availability of small probes.

For module > 1,0 mm, see Clause 6.

ary. Alternative

©I1SO

2006 — All rights reserved
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Table C.2 — Minimum number of measurements

Method designator

Typical measuring method

Minimum number of measurements

Elemental tests

measuring instruments

Tooth form (TF) by CMM or CNC gear

CMM or CNC special software @

3 teeth approximately equally spaced

Composite tests

Tooth thicknesss (TT)

Tooth contact pattern (CP) Roll test machine All teeth
Double flank (DF) Double-flank tester All teeth
Single flank (BF) Single-flank tester (Annex B) All teeth
Size

Tooth gauge
CMM special software

Roll test machine

2 teeth approximately equally spaced
3 teeth approximately,equally spaced

3 teeth approximately- equally spaced

a8  See ISO/TIR 10064-6 for further discussion of this method.

C.4 Tolerances

C.4.1 General

Tolerance values for each item that governs accuracy are calculated by the Equations given in C.4.2 and

C.4.3.

Values outsidle the limits of the equations are beyond thé scope of this International Standard and shall rjot be

extrapolated| The specific tolerances for such gears.shall be agreed upon by the buyer and the seller.

C.4.2 Tooth-to-tooth double-flank composite tolerance, fiy1

The tooth-to{tooth double-flank compagsitetolerance, fi41, shall be calculated according to Equation C.1:

figr =012(0,025 d +0,3mizs +19)(12)

(54

where the rapge of application is restricted as follows.

Accuracly grades 3 to 11:

0,2 mMm’< m,, < 1,0 mm

5<z<300

5 mm < dy <300 mm

The value of tooth-to-tooth double flank composite tolerance, f,4r, shall be rounded in accordance with 5.3.

Tooth-to-tooth composite tolerances are based on the mounting distance change within the smallest envelope
that includes all the (360°/z) changes in amplitude. This envelope is determined by establishing a mean
waveform of the trace and moving it in the plus and minus amplitude directions to enclose all peaks. The
mean waveform can be established manually or by signal processing using a polynomial fit (filtering).

See Annex D.

22
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3 Total double-flank composite tolerance, Fiy

total double-flank composite tolerance, F,4r, shall be calculated using Equation (C.2).

Fgr =108(0,025 d +0,3 my, +19)(\/§)(3_4)

where the range of application is restricted as follows.

The

Accuracy grades 3 to 11:

0,2 mm < mg,, <1,0mm
5<z<300

5 mm < dr < 300 mm

alue of total double flank composite tolerance, F;yt, shall be rounded in.accordance with 5.3,

© I1SO 2006 — All rights reserved
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Annex D
(informative)

Interpretation of composite data

D.1 Purpose

This annex
composite d

purpose of tI

improvemen

D.2 Introc

brovides a comparison between the traditional and a new proposed method of evaluati
ta. The new method can be applied to single-flank as well as double-flank composite tests
e new method is to provide information that is more useful for diagnostic purposes|and q
S.

uction

D.2.1 Geneéral

See Annex

See Annex B

D.2.2 Char

Double-flank
tooth form.

Single-flank

for more information on the double-flank composite testing method.

for more information on the single-flank composite testing'method.

t information

composite data charts are made up primarily*of information related to runout and deviatid

composite data charts are made up-primarily of information related to tangential index dev

(total cumulative pitch deviation) and deviations.in tooth form.

D.2.3 Trad

Double-flank
to-tooth com
composite d
to-tooth devi

This was ac
However, it
case of detg

tional interpretation

composite measurements were toleranced for total composite deviation, F; ), and |
posite deviation, f; i5/g). They were interpreted from the charts as shown in Figure D.1. The
viation was read-as the difference between the highest-to-lowest point on the chart. The f{
tion was readhas’the greatest change in any 360°/z part of the chart.

Ceptable for’ evaluation of the final gear quality relative to the application for some purp
joesn’t tell the true picture as far as diagnostic purposes. For example, it does not help

rmiking noise potential. Also, in attempts to evaluate the manufacturing process, it g3

bn of
. The
uality

ns in

ation

ooth-
total
ooth-

DSES.
n the
ve a

distorted picture of the tooth form that the machine and tool is producing.

A problem with this analysis is that the greatest tooth-to-tooth deviation will be along the part of the runout
curve having the greatest slope. This has the effect of distorting the amplitude of the data relating to that
particular tooth.

For the same quality of tooth form and runout, the tooth-to-tooth deviation would be greater for a gear with a
lower number of teeth than it would for those with higher numbers of teeth. See Figure D.2 a) and b) for a

comparison.
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Figure D.1 — Strip chart of double flank composite test
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a) Low number of teeth (composite tooth-to-tooth 12 tooth gear)

Figure D.2 —(Double-flank composite test
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