INTERNATIONAL ISO
STANDARD 1328-2

Second edition
2020-02

Cylindrical gears — ISO system of
flank tolerance classification —

Part 2:
Definitions and allowable values
of double flankradial composite
deviations

Engrenages cylindriques — Systéme 1SO de classification des
tolérances sur flancs —

Partie 2: Définitions et valeurs admissibles des écarts comppsés radiaux

Reference number
SO 1328-2:2020(E)

©1S0 2020


https://standardsiso.com/api/?name=686e3641b4588c6d6df7fe3319522b26

ISO 1328-2:2020(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2020

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=686e3641b4588c6d6df7fe3319522b26

ISO 1328-

2:2020(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
1 S0P ... 1
2 NOITNATIVE TEECI@INCES .........occccocovoveieiesssse st 1
3 Terms, definitions and SYMDOLS ... 1
3.1 Terms and definitions
3.2 STITIDOLS e
4 Application of the ISU double flank radial composite tolerance classification sygtem........ 3
4.1 General ... .3
4.2 Gear tooth tolerance class 4
4.3 Specification of datum surfaces 4
4.4  Application of the ISO flank classification standard...........ccoe @] 5
441 Measurement equipment and Master GEATS ........f@ e 5
4.4.2  Equipment verification and uncertainty
4.4.3  Filtering and data density ... el
4.5 ACCEPLANCE CTILOTIA oo oo
4.6  Correlation of double flank radial composite and element deviations.................
4.7 Designation of the double flank radial composite talerance class or tolerances.
5 TOLETANCE VALUES ...........oooooeseees e S s
5.1 LT3 0 1=) - U S
5.2 USE Of fOTINULAC ... st
5.2.1  Number of teeth used to calculaté’tolerances..............
5.2.2 Rounding rules ...y
5.3  Tooth-to-tooth radial composite tolerance, f4r ...
5.4  Total radial composite toleranCe; i p ..
5.4.1 Total radial composité_tolerance for cylindrical gears
5.4.2  Total radial composite tolerance for sector gears...........ccocscc
Anngx A (informative) Graph of tolerance values for class R34, R44, and R50 for spur gegars
WIth MOAUIE = 1,0 INUTY ..l eeeeee s ssesee s sssssees s sssssees s e 8
Anngx B (informative) Doubleflank radial composite deviation over segments of k teeth ...
Anngx C (informative) Reasons for changing double flank composite tolerances ...}
Anngx D (informative) €onversion from another double flank composite tolerance specjfication13
Anngx E (informative) Calculation eXamPles..............oisssssissssssssessssssessssssssssssss oo 14
BIDIEOGIAP Y . 5 22
© 1S0 2020 - All rights reserved iii


https://standardsiso.com/api/?name=686e3641b4588c6d6df7fe3319522b26

ISO 1328-2:2020(E)

Foreword

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

are
1 the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fof the
pes of ISO documents should be noted. This document was drafted in accordanee with the
les of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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For an expllanation of the voluntary nature of standards, the.meaning of ISO specific terms
expressiong related to conformity assessment, as well as information about ISO's adherence tdg
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.
iso/forewoild.html.

This document was prepared by Technical Committee ISO/TC 60, Gears.

This second
revised. Th

edition cancels and replaces the first edition (ISO 1328-2:1997), which has been techni
e main changes compared to the previous edition are as follows:

cally

the doc
content

t the

ument title of this part has been revised to correspond to that of part 1 and better reflec
s of this part;

the scope of applicability has béeirexpanded to include sector gears;

revisio
and th{
classifi

1s have been made to-the formulae which define the double flank radial composite toleraj
e range of classification numbers has been changed to clarify the independence of
cation system from that given in part 1;

hces,
this

the cha
in the 1
same g

hge in tolerarce value between consecutive tolerance classes has been reduced, so two {
ew system results in the same change as one step of the old system, but approximately
obal xange of tolerance values is maintained with additional steps;

teps
 the

annexek have been added to describe r‘nmp]pmpnfqry information and pyzmplpc-

evaluation of runout, previously handled in this document, has been moved to ISO 1328-1:2013;

advice on appropriate inspection methods has been removed; the information can be found in
ISO/TR 10064-2.

Alist of all parts in the ISO 1328 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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INTERNATIONAL STANDARD ISO 1328-2:2020(E)

Cylindrical gears — ISO system of flank tolerance
classification —

Part 2:
Definitions and allowable values of double flank radial

This|document establishes a gear tooth classification system relevant to doubleflank radidl composite
deviptions of individual cylindrical involute gears and sector gears. Ithspecifies the hppropriate
defipitions of gear tooth deviations, the structure of the gear tooth flank classification system, and the
alloyable values of the gear tooth deviations. It provides formulae to ealculate tolerances for individual
product gears when mated in double flank contact with a master geat:Tolerance tables are not included.

Thiqd document is applicable to gears with three or more teeth'that have reference dianjeters of up
to 600 mm.

This|document does not provide guidance on gear design‘nor does it recommend tolerances

2 Normative references

The [following documents are referred to imn\the text in such a way that some or all of their content
congtitutes requirements of this document: For dated references, only the edition cited ppplies. For
undgted references, the latest edition ofithe referenced document (including any amendments) applies.

ISO Y01, International gear notation — Symbols for geometrical data

ISO 1122-1, Vocabulary of geaterms — Part 1: Definitions related to geometry

3 [lerms, definitions and symbols

3.1 | Terms and-definitions

For the purposes of this document, the terms and definitions given in ISO 701 and ISO 1122-1 and the
followingsapply.

ISO and’IEC maintain terminological databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

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

3.1.1

double flank test

test where a master gear (3.1.4) and a product gear (3.1.5) are rotated in tight mesh contact, i.e. held
together by a spring load so there is no backlash, while measuring the changes in center distance

3.1.2

elemental deviation

deviation, such as profile and helix deviation on individual teeth or pitch deviation between teeth,
generally using a single point of contact probe

© IS0 2020 - All rights reserved 1
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3.1.3
elemental method
method to measure elemental deviations (3.1.2)

Note 1 to entry: ISO 1328-1 describes elemental methods and deviations.

3.1.4

master gear

gear with the required precision that is designed to measure double flank radial composite deviation in
a double flank contact test with a product gear (3.1.5)

3.1.5
product gepr
gear that is|being measured or evaluated

3.1.6
tooth-to-tdoth radial composite deviation

fid
value of the|greatest change in center distance within any one pitch, found after evaluating all the leeth

of a productgear (3.1.5) in a double flank test (3.1.1) with a master gear (3.1.4)

Note 1 to enflry: See Figure 1.
dc

fid
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Key
1 single tdoth pitch
n  tooth nymber

a. tight mesh center distance

C

Figure 1>— Tooth-to-tooth radial composite deviation

3.1.7
tooth-to-tdoth radial composite tolerance

fiar

maximum tpoth-to-tooth radial composite deviation (3.1.6) allowable by specification

3.1.8
total radial composite deviation
F;
difference between the maximum and minimum values of center distance found after evaluating all the

teeth of a product gear (3.1.5) in a double flank test (3.1.1) with a master gear (3.1.4)

Note 1 to entry: See Figure 2.

3.19
total radial composite tolerance

Figr
maximum total radial composite deviation (3.1.8) allowable by specification

2 © IS0 2020 - All rights reserved
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Key
n  footh number
a. fight mesh center distance
Figure 2 — Total radial composite deviation
3.2 | Symbols
For the purposes of this document, the symbols given in Table 1 apply. The symbols are baged on those
given in [SO 701.
Table 1 — Symbels
Symbol Term Units First used
a. Tight mesh center distance mm 3.1.6
Fiq Total radial composite deviation pm 3.1.8
fid Tooth-to-tooth radial composite deviation pm 3.1.6
Fiar Radial composite deviation over k'teeth pm B3
Fiqx Radial composite tolerance ovet k teeth Hm B.4
Figr Total radial composite tolerarce pum 319
fidT Tooth-to-tooth radial composite tolerance pum 317
Kma Maximum number-of tooth pitches in measurement segment — B.4
m, Normal module mm 5.3
n Tooth numbér — 3.1.6
R Tolerange.class number — 5.3
R, Toleraitee class modifier based on number of teeth — 5.3
z Namber of teeth — 5.2.1
Z, Number of teeth for calculation — 5.3
Zy Number of teeth in the sector — 54.2
B Hetixamngte ° 5.3

4 Application of the ISO double flank radial composite tolerance
classification system

4.1 General

This document provides classification tolerances and measuring methods for unassembled gears.

Surface texture is not considered in this document. For additional information on surface texture, see
ISO/TR 10064-4.

© IS0 2020 - All rights reserved
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With agreement between the purchaser and manufacturer, the tolerances may be applied to other
types of gears such as cylindrical worms, worm gears, racks, and bevel gears. However, in these cases,
modified procedures and associated measurement processes should be considered since this standard
only describes procedures for parallel axis gears. See ISO/TR 10064-2 for additional information.

Some design and application considerations may warrant measurements or documentation not
normally included in standard manufacturing processes. Specific requirements shall be stated in the

contractual
Additional i

NOTE1l T

documents.

nformation on double flank testing is given in ISO/TR 10064-2.
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ow the tolerances change with the number of gear teeth, graphs are provided in Annex A showing
ues for 3 tolerance classes.

ther
0) to
ever,
iclass
d for

here is no correlation or interrelation between the classes specified in this docurhent and
dards such as ISO 1328-1. This document uses a unique set of tolerance classes (i‘€; R30 to RY
It no correlation to other elemental or radial composite standards exists (seesAnnex C). How
s no general correlation to other standards, for a specific gear it is possible tofind a tolerance
Cording to this document that will give similar tolerances to those that wete)originally specifie
Annex D.

he specific methods of measurement, documentation of the results,\inspection frequency, angl use
methods are items that normally are mutually agreed upon between the manufacturer ang the

tooth tolerance class

hment, the double flank radial composite tolerance class is determined by measureinent
al composite deviation, F;4, and tooth-to-toeth radial composite deviation, f;4. A gear|that
to a single ISO double flank radial composite tolerance class shall meet both individual
quirements.

to the total and tooth-to-tooth telérances, Annex B provides an optional specification for

olerance over a selected number.of teeth, k.

becifying a class or measurenient criteria that require more precise tolerances than required by the
an unnecessarily increase-the/cost.

puble flank measurements, such as tight mesh center distance, can be used for control of footh
d total radial composite effects simultaneously.

F.

ent allows for the specification of separate classes for total radial composite deviation, F;

p-tooth radial composite deviation, f.

u

d’

hent ofithe gear’s double flank radial composite tolerance class shall be performed aftef the

manufactuy

ctiring process. Double flank composite checks may also be performed at any step i the
ihgprocess. T

This document is for classes R30 to R50. It may be convenient in a specific application to use the
formulae in this document by extrapolating them below R30 or beyond R50. When this is done,
individual tolerances should be used on these applications as opposed to defining a class outside of the
R30 to R50 range.

4.3 Specification of datum surfaces

Specification of radial composite tolerances requires the definition of datum surfaces to be used for
double flank inspection. See ISO/TR 10064-3.
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4.4 Application of the ISO flank classification standard

4.4.1 Measurement equipment and master gears

When measurement according to this document is specified, the double flank equipment for the gears
being measured is to be calibrated and appropriate. Unless otherwise agreed upon, the manufacturer
may select the double flank equipment to be used.

A master gear shall be used for double flank radial composite tests. The design of the teeth, including
specified tolerances, of a master gear shall be agreed upon between the manufacturer and purchaser of

the

roduct gear. Master gears are subject to wear and damage during use and should be

periodically

calil

NOTE

part

rated and traceable to national standards, with a stated measurement uncertainty.

[
v

requiring higher levels of precision normally require more precise master gears. The use of |

mastlers will increase the risk of false acceptance or rejection of a product gear.

Thet
bety

e shall be no gear mesh interference between the product gear and the master gear. |
feen the tips and fillets at the minimum center distance during measurement should

Minjimum total contact ratio should be checked, and its value should-pe greater than 1

toley

4.4.2

The
The

4.4.]

Toof]
low
tor
toler
of ed

ances applied.

. Equipment verification and uncertainty

equipment used for the measurement of gears should be'verified periodically.

incertainty of the measuring process should be detérmined, see [SO 14253-1.

b Filtering and data density

humbers of teeth. Some double flanklequipment may have the option of using filtering
bport tooth-to-tooth radial compesite deviations after removing the effect of eccen
ance values in this document shall be applied without the use of filtering that remove;
centricity.

Master gear deviations can increase or decrease the measured deviations in thetest gea

r. Therefore,
ower quality

Interference
be checked.
02 with all

h-to-tooth radial composite deviation ean be greatly influenced by runout, especially on gears with

techniques
tricity. The
the effects

Othgr filtering can occur dueto the mechanical dynamic frequency response of the moving pieces of
the fester including the effects from the mass of the gear itself, mass of the moving head, frictional
resigtance of the measuring system, and the spring. Slower rotation during testing reduces the effect of
this filtering due torrechanical dynamic response.

Whdn an electroni¢c measuring device is used, a minimum of 30 data samples per tooth pitch should
be taken.

4.5 | Acceptance criteria

The double flank radial composite tolerance class of a gear is determined by the larger class number
measured for the tolerance parameters specified for the gear by this document.

The tolerances for double flank radial composite deviations apply to the inspection of a gear meshing
with a master gear. Use of double flank radial composite tolerances on two product gears meshing
together should be agreed upon between the manufacturer and the purchaser.

4.6 Correlation of double flank radial composite and element deviations

The tolerance class determined for a gear measured with the double flank radial composite methods
of this document does not correlate to the class determined for that gear by the elemental methods
covered in ISO 1328-1. Users are cautioned that specification to this document alone may not properly

© IS0 2020 - All rights reserved
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control deviations of index or total cumulative pitch that can occur without radial deviations. See

ISO/TR 100

64-1 and ISO/TR 10064-2 for more information on index deviation.

4.7 Designation of the double flank radial composite tolerance class or tolerances

Designation/specification of a double flank radial composite tolerance class in accordance with this
document shall be as follows:

ISO 1328-2:2020, class Rxx

where xx designates the design double flank radial composite tolerance class.

NOTE If
version of IS

5 Tolers

5.1 Gene

The toleran|
may be use

NOTE Anj

When the g
the tolerang

The double
and tooth-t
the least ac

5.2 Use ¢

5.2.1 Number of teeth used to calculate tolerances

For gears w
number of

For sector gears, z is the equivalent number of teeth based on extending the sector to cover 360° ar

the gear’s a

the year of publication is not listed and previous standard qualifier class is not listed, the.l
D 1328-2 applies.

ince values

ral

1 to calculate the optional double flank radial composite deviatien over segments of k t¢
hex E provides tolerance calculation examples.

ear diameter or number of teeth is not within the specified range listed in Clause 1, u
e formulae shall be agreed upon between manufacturer and purchaser.

flank radial composite classification system is comprised of 21 tolerance classes for
h-tooth radial composite deviations of whiché¢lass R30 is the most accurate and class R
Curate.

f formulae

ith more than 200 teeth, except for sector gears, a default value of 200 shall be used fo
eeth.

kis of rotation;

5.2.2 Ro

Values calculated'from Formulae (1), (4), and (5) shall be rounded to the nearest micron. If the fract

nding rules

atest

ce values are calculated by the formulae given in 5.3 and 5.4. In‘addition, the formula in B.4

peth.

e of

total
50 is

r the

und

result is eqial®o 0,5, the value is rounded up to the next integer.

onal

If the measuring instrument reads in inches, values calculated from Formulae (1), (4), and (5) shall
be converted to ten thousandths of an inch prior to rounding and then rounded to the nearest 0,5 ten
thousandths of an inch. For example, a value of 11,74 tenths would be rounded to 11,5 tenths while
11,75 tenths would be rounded to 12,0 tenths.
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Tooth-to-tooth radial composite tolerance, f; ;1

The tooth-to-tooth radial composite tolerance, f;41, shall be calculated according to Formula (1) while

also

using Formulae (2) and (3):
F.
[ 0,08Zc " 64 pl(R-R—a4)/4] __TiaT _
far ( cOS ] o(Ry /%)

—min(lzl 200)
C N7 7

5.4

5.4.

The
twos

5.4.]
This

| N

If

7N X

(9%

the

If |

ordd

R, =5{1-1,12l(0-=)/1121}

Total radial composite tolerance, F 1

| Total radial composite tolerance for cylindrical gears

total radial composite tolerance, F4y, for cylindrical gears and-Sector gears that are g
thirds of a full circle shall be calculated according to:

F o (0 0gZc™n. +64] 2l(R-44)/4]
COoS

. Total radial composite tolerance for sector gears

subclause applies only to sector gears whose teeth occupy two-thirds of a full circle or

S >§, Formula (4) as shown in 5.:4:1shall be used for the total radial composite tolerg

ctor gear as though it is equivalent to a full circle gear.

2
S Sg ,Formula (5) shall'be used for the total radial composite tolerance, F,yr, of the se

r to compensatefor-the size of the sector [with R, from Formula (3)]:

-R
- -1
F o [0 pgen +64]2[(R 44)/4] (1 15| %l jz( 4 ]+1,5|Z"|

cosP |2|
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Annex A
(informative)

Graph of tolerance values for class R34, R44, and R50 for spur
gears with module = 1,0 mm

Figure A.1 phows toterancevatuesfor bothtotat radiatcompositetoterance; ;g7 and—tooth=to=tpoth
radial composite tolerance, f;4r for module 1,0 mm class R34, R44, and R50 spur gears. Thesg,graphs
plot the values from Formulae (1) and (4) rounded per 5.2.2 to assist those using this degument to
visualize thle characteristics of the classification system formulae.

NOTE The steps in the curves are the result of the rounding operation.
um
16

14
12 4 /

oNnesO®ES

0 10 20 30 40 50 60 70 80,90 100 110 120 130 140 =z

a) Double flank radial composite tolerance class 34
pm
90
80
70
60 ] 1
50 2
N
40 ~

20
10

0 10 20 <30 40 50 60 70 80 90 100 110 120 130 140 =z

b) Double flank radial composite tolerance class 44
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240
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60

30

0 10 20
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Key

c) Double flank radial composite tolerance class 50

1  fotal composite tolerance, Fj r

2 footh to tooth tolerance, f47

Figure A.1 — Total radial composite tolerance, F,;; and tooth-tg-tooth radial composite
tolerance, f;;; for module = 1,0 mm full circle spur gears ver'sus the number of teeth
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Annex B
(informative)

Double flank radial composite deviation over segments of k teeth

B.1 General

This annex provides the definition, measurement practices, recommended tolerances, and guidanc

e for

double flank radial composite deviation over multiple segments of k teeth. It may be used as@an-optjonal

supplementfal specification in addition to the total radial composite and tooth-to-tooth radial comp
deviation specifications described in this document.

B.2 Application

A gear thatl has acceptable tooth-to-tooth radial composite deviations and.an acceptable total r
composite dleviation may still have a transmission error that is not functionally acceptable if mu
the double fllank radial composite deviation occurs over only a few teeth) Gears with high contact r3

high mesh
multiple tegq
to the high
help identif]

B.3 Doul

The double
center dist3
gear with a
shown in Fi
deviation c
composite ¢

NOTE T
used, the sy7

verlap, can have an anomaly on one tooth that is recordéd on the double flank tester
th. Additional defects on adjacent teeth could result ina significant functional problem
mesh overlap. Use of double flank radial composite deviation testing over multiple teeth
 such issues.

ple flank radial composite deviation over k teeth, F;,

flank radial composite deviation oveér k teeth, Fy,, is the value of the greatest chang
nce within any range of k tooth_pitehes found after evaluating all of the teeth of a pro
double flank test. An example of.double flank radial composite deviation over four tee
bure B.1. This example showsia gear where the rapid change in double flank radial comp

hn cause operational problems, but would not be detected by single tooth-to-tooth r
eviation or the total radial composite deviation.

he number of tooth git¢hies specified appears in the symbol in place of k, i.e. if four tooth pitche
hbol is Fjy,.

ag

Fia,

Key
n

ac

0 5 10 15 20 25 30 35 40 45 50 n

tooth number
tight mesh center distance

Dsite

ndial

h of
tios,

over

due
can

re in
duct
th is
Dsite
ndial

S are

Figure B.1 — Double flank radial composite deviation over four teeth for a 50 tooth gear

10
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B.4 Double flank radial composite tolerance over k teeth, F,

The double flank radial composite tolerance over k teeth is the maximum allowable double flank radial
composite deviation over k teeth. It is calculated as:

R
i +64]2[(R‘44)/4] (1 1 su] (

cosB |2|

k-1
F qur (0 08 J+1,5— (B.1)

where z_and R, are from Formulae 2 and 3.

Th alenlotad ol n to oo o tbha oo
e dituidicu vadaiutc 1o JMUJLLL LU LIIC OodIlIC

The maximum number of tooth pitches k,,,, for all gears other than sector gears is:
k =—X B.2
1 (B.2)

while in the case of sector gears, k,,,, is

K nax —Minimum ﬂ,|zk| (B.3)
1,5
Selegtion of a value for k beyond k,,,, will result in a tolerarice which will exceed the [total radial

composite tolerance. Generally, k is in the range of 3 to z/8\tooth pitches, however values jof k are not
limited by this range.
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Annex C
(informative)

Reasons for changing double flank composite tolerances

C.1 General

This editior of this document has new tolerance formulae. The reason for the change is:

— the large increase in total composite tolerances with size does not correlate well with'either the
difficulfy in manufacturing or the needs of typical gear applications;

— a2 st¢p factor from one class to the next is excessive for large tolerances;
— provisipn is needed for specification of composite tolerance over a limited number of teeth;
— sector gears were not explicitly covered;

— the old[formulae for tooth-to-tooth composite tolerances do not.¢errespond well to those giveh for
total cdmposite tolerances, particularly when the number of teeth is low.

C.2 Sectpr gears

The formulae in [SO 1328-2:1997 are not suitable for sector gears, and, in particular, sector gears with
few teeth i) comparison to a full circle gear. The new~formula accounts for sector gears, and so allows
the scope tq be expanded to include them.

C.3 Tooth to tooth tolerances

The proposked tooth-to-tooth toleranees‘are aligned with the proposed total composite tolerances in
a practical way. The new tolerance formulae also result in a one tooth helical gear having the Jame
tolerance fqr total composite andtooth-to-tooth deviation.

C.4 Step|factor

For double fflank testing of gears with large tolerances, a factor of square root of two, which giyes a
41,4 % jump in tolerance, is too large both for economical manufacturing and for proper functioning of
the product]. Thisjis particularly important for lower quality gears.

By way of illustration consider a gear that with a A2 step factor can have a total compaosite tolerhnce
of 100 pm or 141 um. If the process used has a manufacturing capability of 110 um total composite
tolerance, one class cannot be achieved while the other results in an excessive tolerance. The new step
size of 1,19 results in a 119 pm tolerance being available, which is reasonable.

C.5 Composite tolerance over k teeth

Annex B provides an optional specification for composite tolerance for a selected number of teeth, k.
This is similar in concept to the sector pitch deviation tolerance given in ISO 1328-1:2013, Annex D.
Some designers may choose to use this optional specification, especially in applications where
excessive deviations in one portion of a gear may cause functional problems even if they are within the
total composite tolerance of the whole gear. This tolerance is often specified for applications that are
sensitive to noise and vibration.
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Conversion from another double flank composite tolerance
specification

D.1| General method

To convert a double flank composite tolerance specification to a tolerance class according to tHis edition of
this Hdocument, the actual tolerances should be found. Then the new tolerances classes’can be found from:

For fotal composite tolerance:

FidT

(O 08—— %o +64]
cosP

In2

In

+44 (D.1)

For footh-to-tooth tolerance:

N

(0 08——— % +64]
cosf
R=4 +44-4R;, (D.2)

In2

whete

7. is from Formiula (2) and
R, is from Formula (3).

NOTE1  Im-Some prior standards, the total radial composite tolerance F;;r used the symbol F. and the tooth to

tootl[ radial composite tolerance f;;r used the symbol fl .

NOTE2  When the total and tooth-to-tooth tolerance values from another standard are calculated for a
tolerance class, the designer can choose to round the values per the rounding rules or to just use the results
directly. Usually the choice does not affect the final result. In example E.6, the values are not rounded.

D.2 Choices

The designer needs to decide if it is appropriate to pick a single tolerance class, or if separate classes
should be specified for each tolerance. The designer also needs to choose between rounding the
calculated tolerance class to the nearest integer and rounding it to the next higher integer.

In some cases, it can be appropriate to just use the new total composite tolerance class and accept the
new tooth to tooth tolerance resulting from that.

© IS0 2020 - All rights reserved 13


https://standardsiso.com/api/?name=686e3641b4588c6d6df7fe3319522b26

ISO 1328-2:2020(E)

Annex E
(informative)

Calculation examples

E.1 Example 1 — Spur gear
14 tooth spyir gear
3,0 mm normal module
Class R48
Step 1. Calcplation of the tooth-to-tooth radial composite tolerance
From Formulae (1), (2), and (3):
z. =nfin(|z[,200)
=njin(|14{,200)
=14
[ 1- 1,12
R =5 L1—1,12[( zc)/ ]}
=5 [1_1‘12[(1—14—)/1,12]}
=3/658
zZ.m
= 0,082¢ 1 464 [l(R-R,—44)/4]
Jiar [ cosf j
(0,08 143 | 64 bl(48-3,658-44 /4]
cos0
=71,470 um
Based on thie rounding rulesin 5.2.2, this value is rounded to the nearest micron.
figr =71 pm
Step 2. Calcplationof the total radial composite tolerance
From Formula{4).
F4p=|0,08 2 o4 pl(R-44)/4]
! cosf
0,08 13 164 al(48-44)/4]
cos0
=134,720um
Based on the rounding rules, this value is rounded to the nearest micron.
Fiqr =135 pm
14 © IS0 2020 - All rights reserved
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E.2 Example 2 — Helical gear including tolerance over segments of z/8 teeth

ISO 1328-2:2020(E)

40 tooth helical gear

0,7 mm normal module

25° helix angle

Class R44

Also

calculate Fig, /gr.

Step

Fron

Base

Step

Fron

1. Calculation of the tooth-to-tooth radial composite tolerance
n Formulae (1), (2), and (3):
z,=min(|z[,200)
z, =min(|40[,200)
=40
R, :5{1—1,12[(1‘Zc )/1'12]}

:5{1_1’ 12[(1—40)/1,12] }

=4,903
£ =] 0,087 4 64 Pl(R=R—44)/4]
! cos

—(0,0820X07 | ¢4 \ol(44-4,903- 44)/4]
cos25

=28,420 um
d on the rounding rules in 5.2.2)this value is rounded to the nearest micron.
jar = 28 um
2. Calculation of the'total radial composite tolerance

n Formula (4):

F o (0 pgen +64]2[(R‘44)/4]
! cosf

:(0,08 4007 64 ]2[(44_44)/41

cos25

=66,472 um

Based on the rounding rules, this value is rounded to the nearest micron.

F.

a7 =66 um

1

© IS0 2020 - All rights reserved
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Step 3. Calculation of the double flank radial composite tolerance over z/8 teeth
Determine the number of tooth pitches:

k=|z|/8=40/8=5

From Formula (B.1), calculate the double flank radial composite tolerance over five teeth:

_RX
F —(0,08 Ze +64)2[(R‘44)/4] “1—1,5E}2(TJ+1,5Ew

idkT —

cosf || |z]
40%0,7 5-1 ("4'903] 5-1
Faer =[[0,08 20 64 l(at-40/41 [ 11 527~ " 4 41,52
! cos25 40 40
=34,128 um

Based on thle rounding rules, this value is rounded to the nearest micron.

Figst = 34 um

E.3 Example 3 — Helical gear with over 200 teeth
324 tooth hglical gear

0,8 mm normal module

15° helix angle

Class R41

Since the niimber of teeth exceeds the maxjmum threshold value of 200 teeth per 5.2.1, the toleralnces

are calculatied based on a gear with 200 teetl’in all formulae.

Step 1. Calcplation of the tooth-to-togthradial composite tolerance

From Formulae (1), (2), and (3):

z. =nfin(|z[,200)
z. =nfin(|324|,200)
=2p0

R :5[1—1,12[(1—%)/1'12]}

=5 [1—1,12“1_“”}/1'14}

=5,00

fur = 0,08ﬂ+64 l(R—R,—44)/4]
! cos

—[0,08200X0:8 54 pl(41-5-44)/4]
cos15

=19,313 um
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Based on the rounding rules in 5.2.2, this value is rounded to the nearest micron.

figr =19 pm

Step 2. Calculation of the total radial composite tolerance

From Formula (4):

ZC mn

Fyr =(0,08 +64J2[(R_44)/4]

cosf

= 0,08M+64 0l(41-44)/4]
cos15

=45,934 um
Basgd on the rounding rules, this value is rounded to the nearest micron.

Figr = 46 pum

E.4| Example 4 — Sector gear
16 tgoth sector from 50 tooth helical gear
1,5 inm normal module
5° helix angle
Clasp R45
Alsofcalculate Fig, /g7.
Step|1. Calculation of the tooth-to-tooth(adial composite tolerance
Frorh Formulae (1), (2), and (3):
z,=min(|z[,200)
z,=min(|50[,200)
=50
R, =5{1-152l0= )2l

:5{1_1,12[(1-50)/1,12]}

=4,965

zZ.m
= 0,082 464 [pl(R-Ry—44)/4]
Jiar [ cosf ]

=| 0,08 50X1’5+64 2[(45—4,965— 44)/4]
cos5

=35,225 um

Based on the rounding rules in 5.2.2, this value is rounded to the nearest micron.

figr =35 pm

Step 2. Calculation of the total radial composite tolerance

© IS0 2020 - All rights reserved
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2 |_16 2
Formula (5) applies since = <
la (5) appli ~=0 =0,32<

From Formula (5):

Cos

E4p=| 0,081 2 | g4 Ll(R-44)/4]| [ 1— 157
B |Z|

-1 (_R"J 1
Z —
)2 4 )41,57k

(0 0221 5+64\z[ 45-44 /4]”1 1516 1\2( 4 j+1,sﬁw
€os5 ] 50

=56,846 um
Based on thie rounding rules, this value is rounded to the nearest micron.

Figr =57 pm

Step 3. Calcplation of the double flank radial composite tolerance over z/8 teeth
Determine the number of tooth pitches:

= |z|/8 =50/8 = 6,25

This is rourjded to an integer:

k=6

From Formula (B.1), calculate the double flank radial composite tolerance over six teeth:

_RX
F 0,08 %™ +64] l(R—44)/4] [1—1 sﬂjz( 4 J+1 sk-1
idkT — S Y ’

co 12 12
50x1,5 6-1 (_4'965j 6-1
F oo =[|0,082222 164 PlU4S44)/41| (121522 ol 4 )41,52=
cos5 50 50
—42,432um

Based on thie rounding rules, this value is rounded to the nearest micron.

Figer = 42 pm

E.5 Example 5 — Helical gear specified with diametral pitch
45 tooth helical gear

12 in~! normal diametral pitch

17° helix angle

Class R48

18 © IS0 2020 - All rights reserved
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