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Introduction

This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published

as a British Standard.

UK Vote

Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
- Annotated drafts are not acceptable and will beregjected.

- All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Template for comments and secr etariat observations

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

lan alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 ©) 4 5 (6) 7
MB | Clause No./ Subclause Paragraph/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Figure/Table/Note comment for change) by the MB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs |Amend to read '...so that the mains
clarifying. connector to which no connection...’
6.4 Paragraph 2 te The use of the UV photometer as  [Delete reference to UV photometer.

Full document details: 24/30445070 DC

Documents

Document Sharing Hub


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

DRAFT
International
Standard

ISO/DIS 21771-2

Cylindrical involute gears and gear ISOfTC 60

pairs — Secretariat: ANSI
Voting begins on:

Part 2: 2024-03-05

Calculation and measurement of Voting terminates on:

tooth thickness and backlash 2024-05-28

Roues et engrenages cylindriques a développante —

Partie 2: Calcul et mesure de I'épaisseur de dent et du jeu de
battement

ICS: 21.200

THIS DOCUMENT IS A DRAFT CIRCULATED
FOR COMMENTS AND APPROVAL. IT

IS THEREFORE SUBJECT TO CHANGE

AND MAY NOT BE REFERRED TO AS AN
INTERNATIONAL STANDARD UNTIL
PUBLISHED AS SUCH.

IN ADDITION TO THEIR EVALUATION AS
BEING ACCEPTABLE FOR INDUSTRIAL,
TECHNOLOGICAL, COMMERCIAL AND
USER PURPOSES, DRAFT INTERNATIONAL
STANDARDS MAY ON OCCASION HAVE TO
This document is circulated as received from the committee secretariat. BE CONSIDERED IN THE LIGHT OF THEIR
POTENTIAL TO BECOME STANDARDS TO
WHICH REFERENCE MAY BE MADE IN
NATIONAL REGULATIONS.

RECIPIENTS OF THIS DRAFT ARE INVITED
TO SUBMIT, WITH THEIR COMMENTS,
NOTIFICATION OF ANY RELEVANT PATENT
RIGHTS OF WHICH THEY ARE AWARE AND TO
PROVIDE SUPPORTING DOCUMENTATION.

ocuments

Document Sharing Hub

Reference number
ISO/DIS 21771-2:2024(en) © IS0 2024

Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2024

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 ISO’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

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

ii
Full document details: 24/30445070 DC


https://www.iso.org
http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

Contents Page
FOT@WOTLM. ... eeeeeeeeeeeeeeseeeeeeeese e eee e vii
1 SCOPI@ ...t 1
2 NOTINATIVE FEECIEINCES ...t 1
3 Terms, symbols, and definitiOns ...t e 1
31 Terms and symbols
3.2 D L= 001 (o) 6 RO
4 AP PIICATIOT ...
4.1 L] 0 1<) o= ) OO
4.2 Datum surfaces and the datUIN QXIS . ....eeieeeeeesiseessssssosseeeeeeeeeeesesse et

4.3 Gear tooth thickness specification systems
4.3.1 Types of tooth thickness specification systems

4.3.2 Non-datum related to0th thiCKNESS ...
4.3.3  Axisrelated toOth thiCKNESS ...
4.3.4 Relationship between the measurement methods and specification systems......... 14
4.3.5 Average toOth thiCKINESS ... 14
4.4 Gear tooth thickness measurement MeEthOdsS ... 14
4.5 Reporting of gear tooth thickness
4.6 Measurement diameter versus Contact diamMEter ... 16
4.7 Gear EOMELTY CAlCULATIONS ..ot

4.71  Conventions used in this standard.....
4.7.2 Reference diameter ...
4.7.3 Transverse pressure angle........
474 LA QNGLE. ...
4.7.5 Normal circular tooth thickness from manufacturing profile shift coefficient........... 17
4.7.6 BASE QIAIMEETET ..oooooooeeeeeioiieiessss et
477 BaASE NELIX ANGIE .o
478 Normal pitch at the reference diameter ...
479 Normal base pitch ...,
4.710 Lead of ahelical gear ..o
4.7.11 Axial pitch from helix angle...........
4.712 The involute function ...

4.713 Helix angle at calculation diameter d,, ...
4.7.14 Transverse pressure angle at calculation diameter dy ... 19
4.7.15 Circular arc tooth thickness calculations 19
4.716  Space Width calCUlations. ...

5 Measurement by PitCh OF IIAEX ... e
5.1 Principle of measurement ...
5.2 Underlying assumptions and limitations...
5.3  Advantages and disadvantages..................
54  Selection of MeasuremMent diAMETET ...

6 Measurement with a master gear on a double flanK tester ..., 24
6.1 Principle of measurement
6.1.1 Main principles ...
6.1.2 Skew angle ...
6.1.3  Tight MeSh CENEIE diSTANCE .. oo 28
Lo T00 g ] i ir=T B 1 O
6.1.5 Total composite deviation
6.2  Underlying assumptions and Hmitations. ... 29
6.3  Advantages and diSAAVANTAZES ...ttt
6.4 Master gear design considerations........
6.4.1 Criteria for proper meshing.......
6.4.2 Additional recommendations
6.5  Tight mesh centre diStance HMIES ...

Documents

Document Sharing Hub

© IS0 2024 - All rights reserved

iii
Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

6.5.1 Working parameters for double flank teSting ...
6.5.2 Tight mesh centre diStance HIMItS ...

6.6  Testradius limits from tight mesh centre distance limits
6.6. 1 GEIETAL ..ot st
6.6.2  Test 1adius Of the MASTET EAT ...
6.6.3  TeSt 1adius HMIES ...

6.7 Selection of skew angle to be used during testing of crossed axis gears

6.8  Axisrelated normal circular tooth thickness from double flank test results ..., 37
6.8.1 Crossed axis external gear axis related tooth thickness.........cen 37
6.8.2 Parallel axis gear axis related tooth thiCKNess ... 38

7 Measurement with a master gear on a single flanK tester..............,

7.1 Principle of measurement ...

7.2 Underlying assumptions and limitations...

7.3 Advantages and disadvantages ...................

7.4 Master gear design cONSIAerations ...

7.5 Axis related circular tooth thickness from single flank test results ... 40

8 SPAN MIEASUTCITICIIE ...

8.1 Principle Of MEASUTEIMENT ...

8.2 Underlying assumptions and limitations...

8.3  Advantages and disadvantages....................

8.4 Span measurement limits
8.5 Number of teeth spanned

8.5.1  LIMILAIONS oo

8.5.2 Maximum and minimum number of teeth spanned.............cen 44
8.6 ANIZLE OF TOCK e
8.7 Tooth thickness from span measurement.
8.8 MEASUTEIMEINTE AIAINIETET ...

9 Span measurement using three ball device. ... 47
9.1 PrincCiple Of MEASUTEIMEINT ...t 47
9.2 Underlying assumptions and IHmIitations. ... 48
9.3 Advantages and disadvantages
9.4 NUMDET Of tEETH SPANNEM ..o
9.5 Selection of the Dall dIAMETET . ... e
9.6 Calculations with specified ball diameter ...

9.7 Normal circular tooth thickness from a span measurement using three balls

10 Measurement over or between balls OF PINS......... e
10.1  PrincCiple Of MEASUTEIMIENT ...t
10.2  Underlying assumptions and limitations
10.3 Advantages and disadvantages..................
10.4  Selection of the ball or pin diameter-.......
10.4.1 Introduction ...
10.4.2 Base space width half angles.......
10.4.3 Maximum ball or pin diameter
10.4.4 Ball or pin diameter for contact at the root involute limit diameter ... 56
10.4.5 Ball or pin diameter that will be tangent to the tip diameter...........c.c,
10.4.6 Ball or pin diameter that will be tangent to the root diameter ...
10.4.7 Minimum usable ball dIamMEteT . ... e
10.4.8 Selection of ball or pin diameter t0 SPECIfY ...
10.4.9 Calculation fOr TACKS ...

10.5 Calculations with specified ball or pin diameter (symmetric pressure angles)

10.6 Measurement with a specified ball or pin diameter for beveloid gears and asymmetric
PUESSUTE AIIZIES ..ot 61
10.6.1 General
10.6.2 Calculations with specified ball or pin diameter ...

10.7 Measurement OVer 0NE Dall OF PITl.. .o
L1071 GENETAL ..o
10.7.2 Basic inspection limits for measurement over one ball or pin

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

iv
Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

10.7.3 Axis related normal circular tooth thickness from an over one ball or pin
TIEASUTEITIEIIE ..
10.7.4 Contact diameter from the measurement over one ball or pin...
10.8 Measurement OVer tWo Dalls OF PITIS. ...
T0.8.1  GEMETAL ..o
10.8.2 Basic inspection limits for measurement over two balls or pins..........cc 65
10.8.3 Normal circular tooth thickness from a measurement over two balls or pins.... 66
10.8.4 Contact diameter from the measurement over two balls or pins.........cn 66
109 Transverse measurement over two pins on a helical gear with an odd number of teeth .......... 66
T0.9. 1 GENETAL ..o
10.9.2 Transverse measurement with two free floating Pins......... s
10.9.3 Measurement with two pins rotating around the micrometer axis..........
10.9.4 Basic inspection limits for the two-pin transverse method......................
10.9.5 Normal circular tooth thickness from a two-pin transverse method
10.10 Free pin measurement over two pins on a helical gear with an odd number of teeth......... 69
T0.10.1 GEIIETAL oot 69
10.10.2 Basic inspection limits for the free pin method ... 70
10.10.3 Non-datum related normal circular tooth thickness from a free pin method
TIEASUTEITIEIIE ...
10.11 Transverse plane measurement method over three balls or pins
TOTT.T GENETAL oo
10.11.2 Factors for gears with even or odd numbers of teeth ...
10.11.3 Measurement limits using the transverse plane method for three balls or pins....... 72
10.11.4 Non-datum related normal circular tooth thickness from a transverse plane
MELNOA MEASUTEIMIEIIE .....o. e 72
10.11.5 Contact diameter from the transverse plane method...........ces 73
10.12 Axial plane measurement over three pins on a helical gear or cylindrical involute worm........ 73
TO.T2.T GEIIETAL o888 73
10.12.2 Measurement limits using the axial plane three pin method ... 74
10.12.3 Non-datum related normal circular tooth thickness from the axial plane
MELNOA MEASUTEIMIEINT.........ooooeeseeses s s s
10.12.4 Contact diameter from the axial plane three pin method

11 Measurement with measuring BIOCKS. ...
11.1  PrincCiple Of MEASUTEIMEIT . ...
11.2  Underlying assumptions and limitations...
11.3 Advantages and disadvantages..................
11.4 Measuring block Sets. ...
11.5 Measurement limits for blocks...........cccccoocnnn
11.6  Tooth thickness from block measurements

12 ChOrdal MEASUI@ITIEIIL ... 77
T2.1 GIIETAL e 77
12.2 Measurements with a gear tooth calliper (in the normal plane)........cees 78

12.2.1 Principle of Measurement. ...

12.2.2 Underlying assumptions and limitations ...
12.2.3 Advantages and diSadvantages.......... e
12.2.4 Method for calculation ...
12.2.5 Preliminary calculations for chordal measurements
12.2.6 ChOrdal @ddENAUIT ......cccceoeee et
12.2.7 Minimum CONTACE AIAMIETET ...
12.2.8 Minimum normal circular tooth thickness at diameter dy ;...
12.29 Maximum and minimum normal chordal tooth thickness measurement limits...... 81
12.2.10 Adjustment of chordal addendum at time of measurement.......
12.2.11 Normal circular tooth thickness from a chordal measurement.....
12.3 Chordal measurement with an optical device (in the transverse plane)..
12.3.1 Principle Of MEASUTEIMIEIIT ...t
12.3.2 Underlying assumptions and Hmitations ...,
12.3.3 Advantages and disadvantages

12.3.4 Method for CalCUIAtION ...
_ Documents
© IS0 2024 - All rights reserved
Document Sharing Hub

v
Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

12.3.5 Transverse pressure angle at the desired contact diameter...........ccs 83
12.3.6 Maximum transverse circular tooth thickness

12.3.7 Chordal radius ...

12.3.8 Minimum contact diameter

12.3.9 Minimum transverse circular tooth thickness at diameter, dy iy . 84
12.3.10 Maximum and minimum transverse chordal tooth thickness measurement limits..... 84
12.3.11 Conversion of chordal radius to chordal addendum...........ccccccccccccccccccccccccceccecccces 84
12.3.12 Normal circular tooth thickness from a chordal measurement ..., 85

12.4 Chordal measurement with a coordinate measurement machine (CMM or GMM)............ccccccoc. 85
13 BacKlash in Sear MESIES ...

13.1  General ..o

13.2 Factors that influence backlash.............

13.3 Backlash in the axis related system.................

13.4 Backlash in the non-datum related system ..

13.5 Other potential influences on backlash........

13.6 Ways t0 €XPress DACKIASH ...

13.6.1 Transverse Circular DACKIASH ...
13.6.2 Base transverse backlash

13.6.3 NOIrmMal Dase DACKIAS ...
LRSS 0 a =1 B o Y= Ul 4 = 1 o U
13.6.5 Radial backlash.......

13.6.6 Angular backlash..

HICTZR VN F= 1 10} 0130 0 0 B o 1= Ued 1o = K] o NN
Annex A (Informative) Tooth thickness measurement usinganalytical machines (GMM or CMM)........ 95
Annex B (Informative) Establishing tooth thickness specificationsin the non-datum related

SV STRITL ... 96
Annex C (Informative) Establishing tooth thickness specifications in the axis related system............... 98
Annex D (Informative) Calculation method for the inverse involute function............c.ccccoccen 99
Annex E (Informative) Example cCalCulations................ccccciiesisssssissssssssess s ssssssessssssesssson 100
BIDLIOGIAPIY ..o 137

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

vi
Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

Foreword

[SO (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.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
of ISO documents should be noted. This document was drafted in accordance with the editorial rules of the
[SO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent
rights. ISO shall not be held responsible for identifying any or all such patent rights. Details of any patent
rights identified during the development of the document will be in the Introduction and/or on the ISO list of
patent declarations received (see www.iso.org/patents).

Any trade name used in this document is information given for the convenience of users and does not
constitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific terms and expressions
related to conformity assessment, as well as information about ISO's adherence to the World Trade
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see www.iso.org/iso/foreword.htm].

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

This document is based on AGMA 2002, along with some material from ISO 21771 2007 Annex A and
ISO/TR 10064-2, and some new information on crossed axis gears and three ball span measurement. It
includes extensive example calculations.

Alist of all parts in the ISO 21771 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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DRAFT International Standard ISO/DIS 21771-2:2024(en)

Cylindrical involute gears and gear pairs —

Part 2:

Calculation and measurement of tooth thickness and
backlash

1 Scope

This standard establishes the calculation procedures for determining specification limits for external and
internal cylindrical involute gearing with constant gear ratio when the desired tooth thickness is known.
This standard also shows the relationships between backlash and the tooth thickness, centre distance, and
tooth deviations in a pinion and gear mesh.

This standard applies to the following types of gears: external and internal parallel axis cylindrical involute
spur and helical gears; involute worms and crossed-axis helical gears; spur and helical racks; and involute
spur and helical sector gears

The formulae in this standard apply to gears of all sizes and materials, and to all manufacturing methods.

This document does not provide guidance on selecting the tooth thickness or the tolerance on the thickness.

2 Normative references

There are no normative references in this document.

3 Terms, symbols, and definitions
3.1 Terms and symbols

Table 1 — Symbols and terms

Symbol Term Units Formula3)
a, one half of sum of reference diameters mm 79, 80
a4 max tight mesh centre distance limit, maximum mm 62
a4 min tight mesh centre distance limit, minimum mm 63
A4a max axis related tight mesh centre distance limit, maximum mm 64
A4a min axis related tight mesh centre distance limit, minimum mm 65
Agm given tight mesh centre distancel) mm 69
Adm max measured tight mesh centre distance, maximum?) mm 77
Agm min measured tight mesh centre distance, minimum? mm 78
a,, tight mesh centre distance for imposed skew angle mm 59
NOTE:

1) Inputvariable.

2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.

3)  First formula where the symbol is used.
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Table 1 (continued)

Symbol Term Units Formula3)
A4y max working centre distance, maximum?) mm 219
Ay min working centre distance, minimum?) mm 220
A3 tight mesh centre distance mm 47,61
Ay crossed axis centre distance based on working diameters mm 54
bpin minimum width of the unmodified portion of face) mm 89,174,187
bminb minimum required face width that will allow for span measurement mm 89
Ceo3 factor for three ball measurement, even or odd number of teeth - 181,182
c distance between fixed ball centres, three ball span measurement mm 106,107
Dy max over blocks measurement limit, maximum mm 192,194
Dg min over blocks measurement limit, minimum mm 193, 195
Dy, measured dimension over blocks?) mm 196,197
Dy diameter of the ball or pin?) mm 10.4.8
Dy, ball or pin diameter for the ball or pin to be tangent to the tip diameter mm 126,138
Dy dy ball or pin diameter for contact at the desired contact diameter, dy mm 134,140
Dy¢ ball or pin diameter for the ball or pin to be tangent to the root diameter mm 128,137
Dy ¢ ball or pin diameter for contact at the root involute limit diameter mm 125,136
Dyy limit for a valid numerical solution, mm mm 127
Dy max ball or pin diameter, maximum mm 121,135
Dy min ball or pin diameter, minimum mm 129,139
d reference diameter mm 1
Ay avg tip diameter, average mm 199
d, max tip diameter, maximum?) mm 199
d, min tip diameter, minimum?) mm 199
dim measured tip diameter of the gear being checked!) mm 208
dy, base diameter mm 7
dy1 base diameter of the pinion mm 221,222
dy, base diameter of the left flank 7
dy, base diameter of the right flank 7
d; max contact diameter with maximum tooth thickness mm 143
d; min contact diameter with minimum tooth thickness mm 144
d., tip relief datum diameter mm
d¢ root relief datum diameter mm
dy diameter where ball or pin contacts the left flank involute during measurement mm 152
d.. diameter where ball or pin contacts the involute during measurement mm &2’8%<911_8‘
d.. diameter where ball or pin contacts the right flank involute during measurement mm 151
dg, tip form diameter mm
dgs root form diameter mm
dt max root diameter, maximum? mm 128
dy max diameter through the centre of the ball or pin for maximum tooth thickness mm 141
NOTE:

1) Inputvariable.

2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.

3)  First formula where the symbol is used.
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Table 1 (continued)

Symbol Term Units Formula3)
dy min diameter through the centre of the ball or pin for minimum tooth thickness mm 142
dyom measured dimension over two balls or pins?) mm 168
di3am measured dimension over three pins, axial plane method? mm 191
di3tm measured dimension over three balls or pins, transverse plane method?) mm 186
di, tip involute limit diameter?) mm 97,99
dis root involute limit diameter?) mm 98,100
dy measurement diameter mm 103
d,, working pitch diameter of product gear mm 52,72
dy3 working pitch diameter of master gear mm 53
dyfi max functional working pitch diameter, pinion or gear2), maximum mm 233
dyfi min functional working pitch diameter, pinion or gear2), minimum mm 234
dyi max working pitch diameter, pinion or gear?), maximum mm 219
dyi min working pitch diameter, pinion or gear?), minimum mm 220
d, calculation diameter!) mm 14
dy min chordal contact diameter with minimum tooth thickness mm 203
dyemin contact diameter for the minimum tooth thickness at the specified chordal mm 212

radius

E Error term

E lower normal tooth thickness limit deviation at reference cylinder mm 21

E . upper normal tooth thickness limit deviation at reference cylinder mm 22
e, normal space width at reference diameter mm 38
e, transverse space width at reference diameter mm 33,145
€yn normal space width at diameter d, mm 37
eyt transverse space width at diameter d, mm 32
Fiar total composite tolerance of the product gear? pum 62
Figri total composite tolerance for the pinion or gear!.2) pm 231,232
F multiplier to adjust conversion from total cumulative pitch to total composite - 232

pe tolerance =
Fori total cumulative pitch (index) tolerance for the pinion or gearl.2) pum 232
F.. multiplier to adjust conversion from runout to total composite tolerance -- 231
Fori runout tolerance for the pinion or gear2) pum 231
Fyri total profile tolerance for the pinion or gearl.2) pum 231,232
Fari total helix tolerance for the pinion or gearl2) pm 231,232
Fy calibrated value of the tooth profile coefficient for the female block? -- Figure 32
F, calibrated value of the tooth profile coefficient for the female block?) -- Figure 32
pri single pitch tolerance for the pinion or gear!.2) um 231,232
fos modification coefficient for span profile limits -- 86,87
fes modification coefficient for span helix limit -- 88
Hy1 max measurement limit over one ball or pin to the rack datum, maximum mm 155
Hiq min measurement limit over one ball or pin to the rack datum, minimum mm 156
NOTE:

1) Inputvariable.

2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.

3)  First formula where the symbol is used.
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Table 1 (continued)

Symbol Term Units Formula3)
Hyim measured dimension over one ball or pin to the rack datum?) mm 160
he, chordal addendum mm 20
L — chordal addendum for measurement of transverse chordal tooth thickness mm 216,217,218
heyw chordal addendum to be used for the tooth thickness measurement mm 207,20
i subscript which denotes either the pinion (subscript 1) or gear (subscript 2) --

Jbn max base normal (feeler gauge) backlash, maximum mm 249
Jbn min base normal (feeler gauge) backlash, minimum mm 25
Jbt max base transverse backlash, maximum mm 245, 247
Jbt min base transverse backlash, minimum mm 246, 248
Jr max working backlash, maximum (cross axis gears) mm 251
Jr min working backlash, minimum (cross axis gears) mm 52
Jwn working backlash (cross axis gears) mm 57
, transverse circular backlash at the working pitch diameter, maximum esti- mm 241 243
Jwtmax mated from non-datum related tooth thickness e
, _ transverse circular backlash at the working pitch diameter, minimum esti- mm 242 244
Jwtmin mated from non-datum related tooth thickness .
, transverse circular backlash at the working pitch diameter, maximum calcu- mm 227 229
Jwtz max lated from axis related tooth thickness e
, _ transverse circular backlash at the working pitch diameter, minimum calcu- mm 228 230
Jwtz min lated from axis related tooth thickness D
J0i max angular backlash of the pinion or gear?), maximum degree 253
J0i min angular backlash of the pinion or gear?), minimum degree 254
K number of teeth spanned on an external gear; or the number of tooth spaces - 91
spanned on an internal gear!) -
K maximum number of teeth spanned on an external gear based on the tip 86
max a i 1 limit di T ov
involute limit diameter
maximum number of teeth spanned based on face width of an external heli-
Knaxb cal gear; or the maximum number of tooth spaces spanned based on the face -- 88,94
width of an internal helical gear
K maximum number of tooth spaces spanned on an internal gear based on the
max f . ] limit di -- 2
root involute limit diameter
K minimum number of tooth spaces spanned on an internal gear based on the

mina tip involute limit diameter o 93
K minimum number of teeth spanned on an external gear based on the root g7

mlnf . l l- . d- =" o7

involute limit diameter
L, critical pin length mm 171

2 axial distance between the contact points of free floating pins mm 169
M, calibrated value of the tooth profile coefficient for the male block?) -- Figure 33
M, calibrated value of the tooth profile coefficient for the male block!) -- Figure 33
Mgk max measurement limit over two balls or pins for maximum tooth thickness[FR034] mm 161,163
Mgk min measurement limit over two balls or pins for minimum tooth thickness mm 162, 164
My max  |Mmeasurement limit over two pins, free pin method, maximum mm 17
NOTE:

1) Inputvariable.

2)  An“”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.

3)  First formula where the symbol is used.
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Table 1 (continued)

Symbol Term Units Formula3)
MikF min measurement limit over two pins, free pin method, minimum mm 180
Myy3a max |Measurement limit over three pins, axial plane method, maximum mm 188
Mgy3amin |Measurement limit over three pins, axial plane method, minimum mm 189
My mea_surement limi_t over three balls or pins, transverse plane method, for mm 183

3tmax | maximum tooth thickness I
Myeae i m_ea_surement limi_t over three balls or pins, transverse plane method, for mm 184
3tmin -\ minimum tooth thickness I

My max measurement limit over one ball or pin, maximum mm 153
My min measurement limit over one ball or pin, minimum mm 154
my, normal module!) mm 2
ms normal module of the master gear?) mm 39
P4 normal diametral pitch!) in1 2
Pbn normal base pitch mm 10, 39
Pn normal pitch at the reference diameter mm 9
PrM max radial offset of the contact point, maximum mm 175
PrM min radial offset of the contact point, minimum mm 176
Pwn3 tight mesh normal working pitch mm 73
Py axial pitch mm 12
P, lead mm 11
Tam measured radius to the tip of the gear tooth being checked?) mm 207
Iey chordal radius mm 210
"k1m measured dimension over one ball or pin!) mm 159
. radius to the centre pqint of the line between the pair of balls on a 3 ball span mm 104

mmax instrument with maximum tooth thickness -
. radius to the centre p_oint of the line between the pair of balls on a 3 ball span mm 105

mmin instrument with minimum tooth thickness -
Shn zero backlash base normal tooth thickness mm 20
Shn max non-datum related base normal circular tooth thickness, maximum mm 18
Sbn min non-datum related base normal circular tooth thickness, minimum mm 19
Sht base transverse circular tooth thickness mm 16
Sen normal chordal tooth thickness at ball contact diameter, minimum mm 187
s maximum normal chordal tooth thickness limit at the desired contact diameter, mm 205

¢y max d, and chordal addendum h,,, —
Scy min minimum normal chordal tooth thickness limit at chordal addendum h,,, mm 206
Scyt max maximum transverse chordal tooth thickness at the desired contact diameter mm 214
Scyt min minimum transverse chordal tooth thickness at chordal radius r, mm 215
Sy normal circular tooth thickness at the reference diameter mm 26,76,115
Suma non-_datum related normal circular tooth thickness at the reference diameter, mm 5

maximum
P nqn-_datum related normal circular tooth thickness at the reference diameter, mm 6
minimum

NOTE:
1) Inputvariable.
2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.
3)  First formula where the symbol is used.
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Table 1 (continued)
Symbol Term Units Formula3)
axis related normal circular tooth thickness at the reference diameter for the 223 225
$nzi max pinion or gear?), maximum?) mm ses S8
axisrelated normal circular tooth thickness at the reference diameter for the 224 226
$nzi min pinion or gear?), minimum?1) mm S ass
Shzm measured axis related normal circular tooth thickness at the reference diameter mm 157,158
measured axis related normal circular tooth thickness at the reference di- 77
Snzm max ameter, maximum mm —
measured axis related normal circular tooth thickness at the reference di- 8
Snzm min ameter, minimum mm Z
measured non-datum related normal circular tooth thickness at the reference 102, 165, 166,
Shm diameter mm 185, 190, 196,
197
St transverse tooth thickness at the reference diameter mm 24
Swn tight mesh working normal tooth thickness of product gear mm 55,75
Swn3 tight mesh working normal tooth thickness of master gear mm 56,74
axis related transverse circular tooth thickness at the working pitch diameter 223 225
Swizimax | for pinion or gear?), for maximum tooth thickness mm ses S8
axis related transverse circular tooth thickness at the working pitch diameter 224 226
Swtzi min for pinion or gear?), for minimum tooth thickness mm —
non-datum related transverse circular tooth thickness at the functional 237 239
Swti max working pitch diameter for pinion or gear?2), for maximum tooth thickness mm ==
non-datum related transverse circular tooth thickness at the functional 238 240
Swti min Ki itch di for pini 2) o h thick mm 238, 240
working pitch diameter for pinion or gear4), for minimum tooth thickness
Syn normal circular tooth thickness at diameter d, mm 28
Syn max maximum normal circular tooth thickness at diameter d, mm 198
Syn min minimum normal circular tooth thickness at diameter d, ;, mm 204
Syt transverse circular tooth thickness at diameter dy mm 23
Syt max maximum transverse circular tooth thickness at diameter d, mm 209
Syt min minimum transverse circular tooth thickness at diameter d, ,;, mm 213
Wy span measurement over k teeth on an external gear mm 81
Wy max span measurement limit over k measured teeth or measured spaces, maximum mm 82
Wy min span measurementlimit over k measured teeth or measured spaces, minimum mm 83
Wim measured span mm 102,103
W3 max 3 ball span measurement limit over k measured teeth, maximum mm 111
Wi3 min 3 ball span measurement limit over k measured teeth, minimum mm 112
X profile shift coefficient -- 25
X3 profile shift coefficient of master gear -- 40
XE max manufacturing profile shift coefficient, maximum? -- S5
XE min manufacturing profile shift coefficient, minimum?1) -- 6
y distance between the reference line and the desired contact location mm 140
V2 max maximum distance between the reference line and the rack tip linel) mm 138
Vb distance from the reference line to the rack datum?) mm 155, 156
NOTE:
1) Inputvariable.
2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.
3)  First formula where the symbol is used.
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Table 1 (continued)

Symbol Term Units Formula3)
Yf min minimum distance between the reference line and the rack root linel) mm 137
Via distance between the reference line and the rack tip form linel) mm 135
Vif distance between the reference line and the rack root form line) mm 136
Vm distance between the datum and the contact location on the rack mm 160
z number of teeth? -- 1
z number of teeth on pinion or gear!.2) -- 219
z number of teeth, pinion?) -- 219
z, number of teeth, gearl) -- 219
Z3 number of teeth on the master gear?) -- 40,42
eray transverse pressure angle to the centre of the ball or pin for the desired radian 132

contact diameter, dy
.y ';ransv.er_se pressure angle to the centre of the ball or pin that contacts the radian 124

orm limit diameter

et max transverse pressure angle to the centre of the maximum diameter ball or pin| radian 119
a, normal pressure angle at the reference diameter?) degree 3
a3 normal pressure angle of the master gear!) degree 39
Oy normal pressure angle at the reference diameter to left flank?) degree 145
o, normal pressure angle at the reference diameter to right flank? degree 145
a, transverse pressure angle at the reference diameter degree 3
Ayn working normal pressure angle radian 51
QAyn3 tight mesh working normal pressure angle radian 40
At max working transverse pressure angle, maximum degree 221
oyt min working transverse pressure angle, minimum degree 222
oyt max transverse pressure angle at functional working pitch diameter, maximum degree 235
Qoft min transverse pressure angle at functional working pitch diameter, minimum degree 236
A3 tight mesh transverse pressure angle (parallel axis gears) degree 60,70
[ transverse pressure angle at diameter d, degree 15
@yt min transverse pressure angle at diameter d, ;, degree 201,211
B helix angle!) degree 1
By base helix angle degree 8
Bol base helix angle to left flank degree 152
Bor base helix angle to right flank degree 151
By max helix angle at the axis of pin for two pin transverse method radian 170
By helix angle at diameter d, degree 14
By min helix angle at measuring diameter, d, ,,;, for chordal measurement radian 202
Bw working helix angle of product gear radian 49
Bz working helix angle of master gear radian 50
B helix angle of the master gear degree 40
AM max axial offset of the contact point, maximum mm 172
AM min axial offset of the contact point, minimum mm 173
NOTE:
1) Inputvariable.
2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.
3)  First formula where the symbol is used.
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Table 1 (continued)

Symbol Term Units Formula3)
AC, centre distance change for tight mesh for imposed skew angle mm 58
Sw angle of rock radian 101
Swa angle of rock calculated from the tip involute limit diameter radian 97
Swr angle of rock calculated from the root involute limit diameter radian 98
y lead angle degree 4
¢ left flank angle, in a transverse plane, with respect to the +x axis, to the origin radian 148

! of an involute passing through the centre of the ball —
e right flank angle, in a transverse plane, with respect to the +x axis, to the radian 147
r origin of an involute passing through the centre of the ball —
n transverse space width half angle at reference diameter radian 35,14
7 transverse space width half angle at base diameter radian 36
Mb avg average base space width half angle radian 130
b max base space width half angle, at maximum tooth thickness radian 11
b min base space width half angle, at minimum tooth thickness radian 11
Ny transverse space width half angle at diameter d, radian 34
OM max tilt angle of the measurement axis, maximum degree 177
OM min tilt angle of the measurement axis, minimum degree 178
three ball measurement helix rotation from plane 0 to 1 at maximum tooth .
o} : radian 10
max thickness
three ball measurement helix rotation from plane 0 to 1 at minimum tooth .
D1 mi : radian 107
min thickness
three ball measurement helix rotation from plane 0 to 3 at maximum tooth .
OB : radian 10
max thickness
three ball measurement helix rotation from plane 0 to 3 at minimum tooth .
D3 mi : radian 109
min thickness
b three ball measurement angle over k tooth spaces radian 110
left flank angle to intersection point of circle with an involute passing through .
ol radian 15
the centre of the ball
right flank angle to intersection point of circle with an involute passing through .
0] radian 149

r the centre of the ball
23 meshing shaft angle on a double flank tester degree 48
U} transverse tooth thickness half angle at reference diameter radian 30
Yy, transverse tooth thickness half angle at base diameter radian 31
U, transverse tooth thickness half angle at diameter d, radian 29
NOTE:

1) Input variable.

2)  An“i”inasubscriptis to be replaced with a “1” for values associated with the pinion and with a “2” for values associated with
the gear wheel.

3)  First formula where the symbol is used.

3.2 Definitions

3.21
Backlash

Backlash is the amount by which the width of a tooth space exceeds the thickness of the engaging tooth on
the working pitch circles, i.e., the clearance between mating gear teeth. See Clause 13.

Note 1 to entry: Backlash can be defined in either a normal or a transverse section and either perpendicular to the
flank or in a circumferential direction (tangential) at a specified diameter.
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3.2.2
Ball
Aball is a calibrated gauge artifact which is spherical and has a known diameter and very tight tolerances on

roundness and profile of surface (see [[SO 1101:2017).

Note 1 to entry: For comparison, see the definition of pin.

3.2.3
Addendum, h,
Addendum is the radial distance from the reference diameter to the tip diameter of the gear, see Figure 1.

3.24
Chordal addendum, h,
Chordal addendum is the radial distance from the centre of the chordal measurement line to tip diameter of

a gear, see Figure 2.

Figure 2 — External helical gear normal surface showing circular, chordal and base tooth thickness

3.2.5
Chordal radius, r
Chordal radius is the radial distance from the datum axis to the centre of the chordal measurement line.

Note 1 to entry: The chordal radius is normally found by subtracting the chordal addendum from the tip radius.
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3.2.6
Datum axis
The datum axis is the theoretical gear axis defined by the datum surfaces.

Note 1 to entry: The datum axis cannot be directly defined; it only exists in relation to the datum surfaces. It is the axis
to which the gear details, and in particular the pitch, profile, and helix tolerances are defined. It should correspond to
the rotational axis.

3.2.7
Diameter, involute limit, tip, d| ,
External gears: Tip involute limit diameter is, the smaller of the tip relief datum diameter, d,, the tip form

diameter, dg,, or the minimum effective tip diameter, d, . Internal gears: using absolute values of diameters,
it is the greater of the tip relief datum diameter, d.,, the tip form diameter, dg,, or the minimum effective
tip (minor) diameter, d,, .

Note 1 to entry: In many cases, at the beginning of tip relief zone, the deviation from the involute is so small that it may
be ignored in tooth thickness measurements. In these cases, the value used for the limit diameter can be within the tip
relief zone.

3.2.8

Diameter, involute limit, root, d; ;

External gears: Root involute limit diameter is, for, the greater of the root relief datum diameter, d., or the
root form diameter, dg.. Internal gears: using absolute values of diameters, it is the smaller of the root relief
datum diameter, d¢, or the root form diameter, d;.

Note 1 to entry: In many cases, at the beginning of root relief zone, the deviation from the involute is so small that it
may be ignored in tooth thickness measurements. In these cases, the value used for the limit diameter can be within
the root relief zone.

3.29

Diameter, working pitch (operating)

The working pitch diameter is the diameter on a gear in mesh with its mate where there is a common pitch
point between both gears at their actual centre distance position, and where the imaginary working pitch
circles roll together without slipping.

Note 1 to entry: The mean of the working pitch diameters of two external gears in mesh equals the working centre
distance while the ratio of the working pitch diameters equals the gear ratio.

3.2.10

Rack tool

The rack tool is a hypothetical rack type cutter that could directly produce the finished gear tooth flanks,
including all machining allowances for the finished gear.

Note 1 to entry: The reference plane of the rack tool is where the tool tooth thickness equals the tool tooth space
width, i.e., where both tooth thickness and space width are equal to one half pitch.

3.2.11

Manufacturing profile shift coefficient, minimum, x;; and maximum, xg,

The manufacturing profile shift coefficient of the gear is the amount by which the reference plane of the
rack tool is displaced from the reference cylinder of the gear away from the root of the gear, divided by the
normal module. The minimum manufacturing profile shift coefficient is xg; and the maximum is x..

Note 1 to entry: The manufacturing profile shift coefficient of the gear directly relates to the finished tooth thickness
of the gear, see 4.7.5. It is not to be confused with the zero backlash profile shift coefficient, x, used in preliminary
calculations.

Note 2 to entry: Positive values of manufacturing profile shift coefficient result in thicker teeth in both external and
internal gears. Negative values result in thinner teeth.
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3.2.12

Pin

A pin is a calibrated gauge artifact in the form of a cylindrical rod with a known diameter and very tight
tolerances on roundness and cylindricity.

Note 1 to entry: Pins are sometimes referred to as cylinders, wires, or rolls. For comparison, see the definition of ball.

3.2.13
Rack reference line
Aline in a plane parallel to the rack datum surface where the tooth thickness equals the space width.

3.2.14

Test Radius of Master Gear

The test radius of a master gear is the radial distance from the rotational axis of the master gear to the
reference line of a rack in tight mesh with that master, where the rack reference line location is defined as
the location where the tooth thickness of the rack equals its space width. This is also the radius of the V
circle, see Part 1 Figure 6.

Note 1 to entry: Based on this definition, it is clear that the test radius of a specific master gear is dependent not only
on its normal module, helix angle and pressure angle, but also on its calibrated circular tooth thickness and number of
teeth. This means that the test radius specification is dependent on the master gear used.

3.2.15

Test Radius of Product Gear

The test radius of a product gear is defined as the difference between the tight mesh centre distance of that
product gear with a master gear and the test radius of that master gear.

Note 1 to entry: The test radius of a master gear is determined by how it meshes with a rack and is therefore a constant.
The test radius of a product gear is dependent on how it engages with a specific master gear during a double flank test.
Therefore, the test radius of the product gear can be different depending upon the master employed, and is not based
solely on the test gear itself.

3.2.16

Tight mesh

The condition where two gears are pushed together so that they operate with no backlash, for tooth
thickness measurement this typically involves a master gear pressed lightly against the product gear being
tested.

3.2.17

Tooth thickness, circular, normal, s, s, sp,

For helical gears and involute worms, the normal circular tooth thickness is the length, on a specified
cylinder, of an arc on a helix that is normal to the two flanks of a gear tooth .

— Symbol s, applies at the reference diameter d

— Symbol s, applies at a specified diameter d,

— Symbol s, applies at the base diameter d,

Note 1 to entry: For spur gears, there is no difference between transverse and normal tooth thickness. See Figure 2.

3.2.18

Tooth thickness, rack, normal, s,, Syn

For racks, the normal tooth thickness is the minimum length of a line segment, normal to the flank lines,
between the two sides of a rack tooth in a plane parallel to the reference plane.

Note 1 to entry: Symbol s, applies when measured at the reference plane, otherwise s
measurement applies at a specified plane.

yn is used to indicate that the

3.2.19

Tooth thickness, circular, transverse, s, Sy, Sp;

For spur and helical gears and involute worms, the transverse circular tooth thickness is the length between
the two sides of a gear tooth, at a specified diameter along a circular arc in the transverse plane.
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— Symbol s, applies at the reference diameter d
— Symbol s, applies at a specified diameter d,
— Symbol s, applies at the base diameter d,

3.2.20

Tooth thickness, rack, transverse, s;, s,

For racks, it is the tooth thickness measured along the intersection of a specified plane that is parallel to the
reference plane and a transverse plane between the plane flanks of the rack teeth.

Note 1 to entry: Symbol s, applies when measured at the reference plane, otherwise Syt is used to indicate that the
measurement applies at a specified plane.

3.2.21

Tooth thickness, chordal, Scy

Chordal tooth thickness is the length of the chord (straight line) between the points where a helix, that is
normal to the helix at a specified diameter, intersects the tooth flanks.

3.2.22

Tooth thickness, axis related

Axis related tooth thickness is a tooth thickness which is measured in relation to the datum axis. See 4.3 for
further details.

3.2.23

Tooth thickness, non-datum related

Non-datum related tooth thickness is a tooth thickness which is measured without referencing the datum
axis. See 4.3 for further details.

3.2.24

Total composite deviation, F;y

Total composite deviation is the difference between the maximum and minimum values of tight mesh centre
distance or test radius found after evaluating all of the teeth of a product gear in a double flank test.

3.2.25
Total composite tolerance, Fi
Total composite tolerance is the maximum allowable total composite deviation.

3.2.26

Calculation diameter, dy

An arbitrary diameter that defines a theoretical cylinder concentric to the gear axis; in this standard it is
often used as the desired contact diameter for a ball, pin, or measuring device.

4 Application

4.1 General

Specification of gear tooth thickness is developed during the gear design process. The tooth thickness
limits should be chosen based on the application and backlash requirements. Consideration should be given
to the manufacturing cost associated with achieving the tolerances and the inherent limitations of the
manufacturing process and inspection methods used.

Practical considerations and availability of test equipment can preclude the use of some methods on some
sizes of gears. Some methods may not be appropriate for compliant materials if the use of the tooth thickness
measuring tools and techniques result in deformation of the gear teeth.

Maximum and minimum backlash amounts depend on the gear's tooth thickness limits, elemental deviations
or total composite deviation, and the centre distance range. The limit values of these characteristics should
be specified to prevent interference (double flank contact) or excessive backlash. The minimum tooth
thickness may be further controlled to meet tooth bending strength requirements.
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The tolerance on axis related tooth thickness when expressed as a variation in tight mesh centre distance or
test radius should always exceed the total composite tolerance. See 4.3.3.

The specification of design tooth thickness for a given application is outside the scope of this standard.
This standard assumes that either the design tooth thickness is known and that the measurement limits
for a specified tooth thickness inspection method are to be established, or that the tooth thickness is to be
determined based on measurement results.

This standard describes each of the tooth thickness measurement methods, their associated underlying
assumptions, and practical considerations that can limit measurement accuracy.

Once the specification limits have been established, if the gear is measured with the specified method and
meets the specified limits, then the gear tooth thickness shall be considered acceptable.

This standard also provides guidance on the prediction of backlash, including the effects of total composite
or elemental manufacturing tolerances. See Clause 13.

4.2 Datum surfaces and the datum axis

The datum axis is used by the manufacturer (and inspector) to define the geometry of the gear teeth on an
individual component. It is the responsibility of the designer to ensure that the datum surfaces which define
the datum axis are specified with sufficient clarity and precision to ensure that the requirements of the gear
in relation to the functional rotational axis are met.

Very often this can be achieved by using the functional mounting surfaces as the datum surfaces.

In general, however, it will be necessary to define the datum surfaces and then to relate all other surfaces
to them with appropriate tolerances. This is particularly critical for those surfaces used to mount the gear
for either manufacturing or inspection. When the functional mounting surfaces for operation of the gear are
not the datum surfaces, due consideration shall be given to the effect of the additional link in the tolerance
chain. See ISO 10064-3 for additional information.

4.3 Gear tooth thickness specification systems

4.3.1 Types of tooth thickness specification systems

The tooth thickness of a cylindrical gear is commonly expressed as a circular or helical arc length on an
implied cylindrical surface. This specification should clearly indicate if the tooth thickness value is in the
transverse, normal, or axial plane. For racks, tooth thickness is expressed as a straight line length on a
specified plane.

[tis critically important to understand whether the specification of the implied cylindrical surface for tooth
thickness measurement is in relation to the datum axis, and thus an axis related tooth thickness, or to the
gear tooth profile itself and hence independent of the datum, and thus a non-datum related tooth thickness.

4.3.2 Non-datum related tooth thickness

Non-datum related gear tooth thickness is specified (or inherently understood) as being independent of the
datum axis. This is the most common method used. The non-datum related system uses as its basis a tooth
that has no runout and is perfect in shape with only a tolerance on thickness. When using the non-datum
related system, the specification of either elemental tolerances or total composite tolerance is required
to further control the functionality of the design and hence control the backlash in the system. In order
to verify that a gear complies with the specified non-datum related tooth thickness limits, measurement
methods that are independent of the datum axis may be used (i.e., span, over two balls or pins, etc.). For a
method to establish tooth thickness specifications in the non-datum related system, see Annex B.

CAUTION — When using the non-datum related system, failure to properly account for either
elemental tolerances or total composite tolerance can result in insufficient backlash and possibly
gear failure.
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Note that all tooth thickness measurements are influenced by deviations in base pitch and tooth profile. The
non-datum related inspection methods assume that these deviations do not influence the calculation of the
measurement limits and are therefore 'inclusive' within the tooth thickness tolerance range itself.

4.3.3 Axis related tooth thickness

A specification method known as axis related tooth thickness can be used instead of non-datum related
tooth thickness. The axis related system uses as its basis a tooth with all allowances for composite or
elemental tolerances already included in the maximum and minimum tooth thickness specification. In order
to verify that a gear complies with the specified axis related tooth thickness limits, measurement methods
such as tight mesh centre distance on a double flank tester or measurement using a coordinate measuring
machine (CMM) may be used. With these methods the gear is either mounted on its datum surfaces, or with
alternative surfaces that have a very tight tolerance to the datum surfaces. For a method to establish tooth
thickness specifications in the axis related system, see Annex C.

4.3.4 Relationship between the measurement methods and specification systems

Generally, gears specified in the non-datum related system should to be measured by non-datum related
methods. Gears specified in the non-datum related system and failing a non-datum related measurement
method like span can sometimes pass an axis related measurement method with acceptable backlash results
when the total composite error relative to its tolerance is low. Such a condition is functionally acceptable
even though its non-datum related measurement method shows rejection. In such cases, there should be
agreement between the manufacturer and purchaser of the gear if the non-datum related measurement
specification is needed.

Gears specified in the axis related system should only be measured using axis related methods. Although
it can be said that the inclusion of a total composite tolerance allows for the conversion of the axis related
tooth thickness into non-datum related tooth thickness limits, the use of non-datum related measurement
methods can reject more product than intended by the original axis related specifications if the total
composite error relative to its tolerance is low. See Michaleclll.

4.3.5 Average tooth thickness

The average tooth thickness determined from multiple measurements around the gear will, within
measurement error, be the same for all measurement methods, both non-datum related and axis related,
except for chordal measurements with gear tooth caliper. The average thickness should be determined from
measurements spaced equally around the gear; in some cases, as few as two measurements are sufficient.
The average tooth thickness is well suited for control of manufacturing process variables such as cutting
tool infeed.

4.4 Gear tooth thickness measurement methods

Table 2 lists tooth thickness measurement methods. This standard describes how circular arc tooth
thickness limits can be converted to measurement limits based on each of the described methods.

The types of tooth thickness measurement methods are categorized as either non-datum related or axis
related. The non-datum related measurement methods do not reference the datum axis, whereas the axis
related methods give the tooth thickness with reference to the datum axis. The user should be aware that
when only some of the teeth are measured, the teeth with the maximum or minimum thickness usually will
not be measured.
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Table 2 — Tooth thickness specification system and corresponding measurement methods

Type of tooth thickness meas-

Measurement method
urement

Span measurement between two points or lines

Span measurement with 3 centring balls
Non-datum related

Over or between two or three balls or pins (not related to datum axis)

Measuring blocks

Chordal, when measured from tooth tip

Pitch or index
Double flank test

Single flank test Axis related

(based on datum axis)
Over or between one ball or pin and the datum axis

Chordal, when referenced to the datum axis

In order to select the appropriate tooth thickness inspection method for an application, factors such as gear
diameter, tooth size, measurement uncertainty, repeatability, reliability, and cost should be considered.
When measuring compliant materials, such as polymers, care should be taken to ensure that the measuring
method does not cause tooth deflections which add error into the results.

The tooth thickness measurement methods discussed in this standard include methods that can survey
either a few or all of the teeth on each gear. Single or double flank composite testing can quickly survey
the flanks of all the teeth on a given gear. Measurement by pitch or index is generally done by point contact
in a mid plane on the tooth flanks of all the teeth. Over balls, over pins, span and tooth calliper (chordal)
methods evaluate the tooth thickness of a single tooth (or pairs of teeth) between two points or two contact
lines, so should be repeated at several positions to better characterize the gear. Depending on the needs of
the application, it should be determined whether or not the entire gear can be characterized by just one or
two measurements, or if a more comprehensive set of measurements should be taken.

The various measurement methods can lead to slightly different tooth thickness results on any given gear.
Variations in profile, pitch, helix, runout, and measurement location will have different effects depending on
the measuring method employed, see Table 3. These variations cannot be separated from the measurement
of tooth thickness. Therefore, a precise prediction of a measurement result from one method in relation
to another method cannot be accurately made, although the different measuring methods will usually be
reasonably consistent.

The gear deviations shown in Table 3 can impact the tooth thickness measurement results as indicated. All
of the gear deviations will affect the actual backlash since they will all affect the axis related tooth thickness
even if they do not affect the measured non-datum related tooth thickness.

While the elemental deviations can affect the tooth thickness measurements, in general it is not possible to
infer the magnitude of the deviation from the tooth thickness measurement. The two major exceptions to
this are that runout can be estimated from any of the methods that measure axis related tooth thickness and
measurement by pitch or index will give the single and cumulative pitch deviations.

The differences between results from the various measurement methods of the same type (non-datum
related or axis related) are usually minor. If more than one method is specified, the gear shall meet the
requirements of at least one of the methods specified unless there is a note on the drawing specifically
stating that the gear tooth thickness must meet all of the limits of the listed methods.

Maximum and minimum circular tooth thickness, along with an indication if these are non-datum related or
axis related thickness, can be listed on a drawing, usually as a reference dimension.
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Table 3 — Gear deviations that can affect tooth thickness measurement

Measurement method Profile Sl;:lt%:le Cm;il;l;ltive Helix Runout Tipe(ti;:;\m-
Span X X X X
Over two or three balls or pins X X
Measuring blocks X X
Chordal, when measured from tooth tip X X
Pitch or index X X X X
Double flank test X X X X X
Single flank test X X X X
Over one ball or pin X X X
Chprdal, when referenced to the datum X X
axis

4.5 Reporting of gear tooth thickness

Any report of measurements shall indicate the method that was used to establish the result. When the
measurement cannot be performed using the specified method, agreement on an alternative method shall
be reached with the purchaser. A non-datum related method shall not be used as a substitute for an axis
related method. If a conversion from another method is presented, it shall be clearly labelled and the result
from the method actually used shall also be presented.

4.6 Measurement diameter versus contact diameter

Conversion of measurement results to another method is not recommended. However, when a GMM or CMM
will be used to measure pitch, and then a calculation is made for the expected result from one of the non-
datum related methods, the correlation is sometimes improved if the contact diameter for the non-datum
related method is used as the measurement diameter. On a CMM it is also possible to use extra measurements
at the axial contact positions of the non-datum related measurement instead of using the points used to
evaluate pitch deviation.

4.7 Gear geometry calculations

4.7.1 Conventions used in this standard
The conventions used in this standard are:

— The number of teeth, z, for external gears has a positive value. For internal gears, the number of teeth
has a negative value. Therefore, all internal gear diameters and radii will also have negative values.
The centre distance of a pinion mated with an internal gear has a negative value. In visualizing internal
gears, it is helpful to picture the tooth pointing up, so the tip diameter is that with the negative value
closest to zero.

z . . . .
— Insome formulae the term — is used to make the formulae universal for external or internal gears. This
z

term has a value of 1 for external gears and -1 for internal gears.
— The term “gear” refers to either a pinion or a gear (wheel) unless otherwise indicated.
— Terms labelled as coefficients are dimensionless.
— For internal gears, the term tooth thickness refers to the tooth and not the space width.

There is extensive use of trigonometry throughout this standard. If all angles are converted to radians,
and the mode of the trigonometric functions is radians, then all formulae will work properly. Many of the
formulae will also work properly if degrees are used for both the angles and the mode of the trigonometric
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functions. Formulae that will only work properly in radians are marked with “(use radians)” following the
formula, however formulae that use the involute function but otherwise do not require radians are not
marked. It is assumed that the involute function will be properly executed using radians.

There can be issues with accuracy when using computing devices. It is recommended that enough significant
digits (at least double precision) be used in the calculations to obtain an accurate result.

NOTE If using a spreadsheet, it is recommended that the PI() function be used for the value of m.

For additional information on geometry of involute gears, see Part 1

4.7.2 Reference diameter

The reference cylinder is the reference surface for the cylindrical gear teeth. Its axis coincides with the axis
of the gear (gear axis). The reference circle is the intersection of the reference cylinder with a transverse
plane section. The reference diameter, d, is determined by:

d=z-n )

cosf

NOTE1 The reference diameter is the location where a gear's tooth thickness, pressure angle and helix angle are
defined.

NOTE 2  For internal gears, the number of teeth and all diameters are stated as negative values.

NOTE 3 Thisisalso formula 1 in clause 4.3.4 of part 1.

When normal diametral pitch is specified, the normal module can be calculated using:

25,4
my, = (2)
Pnd
4.7.3 Transverse pressure angle
The transverse pressure angle is;
.1 ( tanoy,
o, =tan | ——— 3
cosf

NOTE See part 1; 4.4.3

4.7.4 Lead angle

The lead angle, vy, is the compliment of the helix angle. It is usually specified instead of helix angle for
cylindrical involute worms. If the helix angle is not known, it may be calculated from the lead angle:

p=90°—y 4)
NOTE See part1; 4.4.7

4.7.5 Normal circular tooth thickness from manufacturing profile shift coefficient

Profile shift coefficients are used extensively by those using DIN or ISO standards, and they can be very
useful as part of a comprehensive system of gear design. However, during gear design, zero backlash
profile shift coefficients are normally used. These use the symbol x, and are also commonly called x factors
or x coefficients. These do not relate directly to the tooth thickness. To calculate limits for finished tooth
thickness measurement, some thinning for backlash should be applied to one or both members of a gear pair.
Procedures to do this are given in DIN standards (DIN 3967) and in some proprietary company procedures,
but they are beyond the scope of this standard. It is not uncommon for gear drawings to list both the zero
backlash profile shift coefficient (x factor) and measurement limits for a specified measurement method.
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When this is the case, the specified measurement method and its associated limits shall be used, and the x
factor shall be ignored, at least for the thickness determination.

A profile shift coefficient listed on the drawing shall not be used to calculate measurement limits unless it
has been positively verified to be a manufacturing profile shift coefficient for the finished gear, and both
XE max aNd Xg i, are given.

For both internal and external gears, the maximum and minimum non-datum related normal circular tooth
thicknesses are related to the finished gear maximum and minimum manufacturing profile shift coefficients
using the following relationships:

T
Shmax = Mp (ZXE max tanot, +E) (5)

T
Spmin =My (ZXE min AN, +E) (6)

NOTE These are based on formula 49 in clause 4.8.6 of part 1.

4.7.6 Base diameter

The base diameter of a gear is:

dy, =dcosa; (7)

NOTE See part 1; 4.3.10

4.7.7 Base helix angle

The base helix angle is:

By = sin’! (sinBcosa, ) (8)
NOTE See part1; 4.3.3
4.7.8 Normal pitch at the reference diameter

The normal pitch at the reference diameter is:

Pn =Tmy, 9
NOTE Seepart1; 4.4.2.2

4.7.9 Normal base pitch
The normal base pitch of a gear is:

Ppn = DPp €OSOy (10)

4.7.10 Lead of a helical gear
The lead of a helical gear is the axial distance for one complete revolution of any helix.

_zmzmy
|z| sinfp

p, (11)
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4.7.11 Axial pitch from helix angle

The axial pitch of a helical gear or involute worm is:

p
Py =~ (12)
sinf3
NOTE Seepart1;4.3.3

4.7.12 The involute function

The involute function of any angle 6 in radians is:

invB=tan6-06 (use radians) (13)

Angle 0 shall be expressed in radians for this calculation.

NOTE See Annex D for a method to calculate the inverse involute function.

4.7.13 Helix angle at calculation diameter d,

The helix angle at any diameter, d,, is:

By =tan’! (djytan[_’)] (14)

NOTE For internal gears, all diameters are stated as negative values.

4.7.14 Transverse pressure angle at calculation diameter d,

The transverse pressure angle at any diameter, dy, is:
d
-1 “b
Olyy =COS [_d ] (15)

4.7.15 Circular arc tooth thickness calculations

4.7.15.1 Transverse base tooth thickness

The transverse base tooth thickness may be calculated from the normal circular arc tooth thickness at the
reference diameter:

s
Sy =d n__ 4invo 16
bt =dp (dcosB t j (16)

Or with the transverse circular tooth thickness at the reference diameter:
St .
Spt =dp, 3+1nvoct (17)

4.7.15.2 Normal base tooth thickness

The first step in the calculations is to find the non-datum related normal circular base tooth thickness and
the normal base pitch. Formula 10 (4.7.9) may be used to calculate the normal base pitch.

When starting with the manufacturing profile shift coefficient, x;, Formulae 5 and 6 (4.7.5) may be used to
find the non-datum related normal circular tooth thickness at the reference diameter.
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Given the non-datum related normal circular tooth thickness at the reference diameter, the maximum and
minimum non-datum related base normal circular tooth thicknesses are:

_ coso, cosPy,

Sbnmax ~— (Sn max TMpZ inVO‘t ) (18)
cosf
cos o, cosPy _
Shomin=—————=—— (sn min T My Z InvoL; ) (19)
cosP
NOTE For internal gears, span is calculated over a number of tooth spaces. However, in the calculations, the values

of tooth thickness as opposed to space width are used.

4.7.15.3 Base tooth thickness from zero backlash tooth thickness
When starting with a zero-backlash x factor, the zero backlash base tooth thickness is:

Spn =Spe €0s(By ) =m, coso., (§+2x tano., +z invo, ] (20)

Then the maximum and minimum manufactured base tooth thickness should be:

Sbnmax = Sbn ~ Esns (21)
Sbnmin = Sbn ~ Esni (22)

4.7.15.4 Transverse tooth thickness at diameter dy

The transverse tooth thickness at any diameter d,, can be calculated in several ways depending on the tooth
thickness definition available.

Given the transverse base tooth thickness:

N .
Syt = dy [%—mvayt ] (23)
b
Given the transverse tooth thickness at the reference diameter:
—d, |34 (i i 24

Syt =dy F+(1nvoct —invoL, ) (24)

Or from the half angle or profile shift coefficient:
A . wT+4xtano zZ . .
Sye =dyyy =dy, {y/ + H(mvat —invor, )} =d, {T’l + H (mvoct —invory, )} (25)

(See Figure 3.)

Given the normal tooth thickness at the reference diameter:

3 Sy . .
Syr =dy (ros[} + (1nV0Lt —invoLy )J (26)

4.7.15.5 Normal tooth thickness at diameter dy

In general, multiplying a transverse circular arc dimension at any diameter by the cosine of the helix angle at
that diameter will give the corresponding normal dimension. This normal dimension is the length on a helix
on the respective cylinder between both flanks of a tooth along an intersecting normal cut of the flanks.
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The normal circular tooth thickness at any diameter d,, calculated based on the transverse circular tooth
thickness at the same diameter dy, and the helix angle at that same diameter is:

Syn =Syt COS By (27)

If diameter dy, is also the reference diameter, then the helix angle at the reference diameter is used.

The normal tooth thickness at diameter d, may also be calculated as:

_ Sn - -
Syn =dy (dcosB +(1nv0ct —invo, ))cosBy (28)

4.7.15.6 Tooth thickness half angle

Tooth thickness angles are angles at the centre in a transverse section which are enclosed by the radii
bounding a transverse tooth thickness, see Figure 3. The corresponding tooth thickness half angles, vy, for

any transverse tooth thickness, Syt are expressed by

z . .
vy =d—=l//+m(1nvozt —invay, ) (29)

The following tooth thickness half angle applies to the reference circle:

:7r+4xtan(xn (30)
2|z
In the case of the base circle, the base tooth thickness half angle is produced by
z,
Vb :W+Hlnvat (31)

4.7.16 Space width calculations

4.7.16.1 Space width

The space width, ey in the transverse section is the length of a circular arc of diameter, dy, between the two
involute helicoids of a space width:

zZ .. ) T—4xtano zZ . .
ey =dyny =d, [77 —E(mvo‘t : )} =dy [Tn—m(mvat TInvety )} (32)

(See Figure 3.)

The space width, e;, on the reference circle is produced by

o mdn=g| TEAXENG | My (T, ane (33)
¢ =al] 5 n

2z

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

21
Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

Key
~ measurement along an arc 1  external gear

2 internal gear

Figure 3 — Tooth thickness and space width (external and internal gear teeth)

4.7.16.2 Space width half angle

Space width angles are angles at the centre in a transverse section which are enclosed by the radii bounding

a space width, see Figure 3. The corresponding space width half angles, 1, for any space width, e ,are
produced by
eyt zZ .. .
ny =——=n—-—(inve, —inva,) (34)
dy |
The following space width half angle applies to the reference circle:
:n—4xtanan (35)
2/7|
At the base circle, the base space width half angle is produced by
z .
n, =N-—inve, (36)
E
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4.7.16.3 Normal space width

The normal space width is the space width in a normal section of the gear teeth. It is the length of the helical
arc on the respective cylinder between the two involute helicoids of a space width. The normal space width,

eyn, forany cylinder is calculated using
€y = ey COS ﬂy (37)

The following normal space width applies to the reference cylinder:

e, =ée cosﬁzmn(g—thanan) (38)

5 Measurement by pitch or index

5.1 Principle of measurement

Pitch or index measurements, which are commonly used to determine single and cumulative pitch errors,
may be used to determine the axis related tooth thickness provided that measurements are taken relative
to the datum axis and that measurements from both flanks are based on the same coordinate system. The
circular arc distance between a point on one flank and a point on the other flank at the same diameter and
in the same transverse plane is the transverse tooth thickness at that diameter. The circular arc distance
can be found directly from the radius from the datum axis to these points and the angle between these two
points.

The formulae in 4.7 may be used to convert the tooth thickness at the given diameter to the tooth thickness

at the reference diameter, as well as to convert between normal and transverse tooth thickness.

5.2 Underlying assumptions and limitations

The pitch or index measurements are taken relative to the gear’s datum axis, therefore the results correspond
to the axis related tooth thickness.

NOTE See ISO/TR 10064-1 for more information on measurement practice.

The machine should be regularly calibrated and operated by trained personnel according to the
manufacturer’s recommendations. See Annex A for additional information on use of GMM or CMM for tooth
thickness measurement.

The effect of mounting fixtures on the measurements should be carefully considered. Probe size can be
problematic with fine pitch gears. The probe shall be able to fit in the tooth space and shall reach the depth
required. Machines might not be available for very large gears.

A single point per tooth flank is normally used, but accuracy may be increased if multiple points are

measured on the flank.

5.3 Advantages and disadvantages

The data gathered during pitch or index measurement with a GMM or CMM can be used to find the axis
related tooth thickness of each tooth. Therefore, if an elemental check is being performed, the tooth thickness
can be found without any additional measuring time.

NOTE Pitch measurement can also be used while troubleshooting the manufacturing process, since it can often
reveal the source of problems.

Documents

© IS0 2024 - All rights reserved .
Document Sharing Hub

23
Full document details: 24/30445070 DC


http://www.avadocuments.com/doc/24-30445070-dc
http://www.avadocuments.com/doc/24-30445070-dc

ISO/DIS 21771-2:2024(en)

5.4 Selection of measurement diameter

Measurements of the index are generally taken at mid flank height. Other diameters may be used when
necessary, such as when the available probe is too large for the space between teeth. If an attempt is made
to compare the tooth thickness found from pitch or index measurement to another measurement technique,
it can be helpful to use a measurement diameter that corresponds to the contact diameter of that technique.
See 4.6. A better comparison is sometimes achieved when extra measurements are taken at the axial contact
positions of the non-datum related measurement instead of using the points used to evaluate pitch deviation.

6 Measurement with a master gear on a double flank tester
6.1 Principle of measurement

6.1.1 Main principles

Tooth thickness can be controlled with the use of a double flank tester. When a product gear is held in tight
mesh with a master gear, the centre distance is related to the product gear’s tooth thickness. The cumulative
effects of runout, profile, pitch and helix deviations can also be found. This technique provides a complete
analysis of the maximum effective material (peak surface) condition of the active tooth surfaces provided
the master gear is properly designed to engage the product gear over its functional surface. Depending on the
design of this master, local deviations can be averaged due to contact across the face width and overlapping
of tooth pairs during testing.

NOTE1 The intent of double flank testing is to measure the test gear against its product specifications and not to
test the functionality of a gear mesh. The master gear is likely considerably different than the gear the product gear
will mate with, while at the same time operating at zero backlash as opposed to normal operation with backlash. The
operating pitch cylinders are therefore likely different than in the application itself.

The test uses an apparatus of general layout as shown in Figure 4 with two spindles (also known as mandrels
or broaches) on which a gear pair is mounted: a driving spindle and a second spindle mounted on a carrier
that can float in a direction parallel to the centre distance. A typical configuration is shown in Figure 5. A
master gear of known precision is mounted on a fixed base with only rotational freedom. A product gear is
mounted on a floating slide mechanism which allows rotation of the product gear, and movement along an
axis between the line of centres of the master and product gear. A spring (with an adjustable pre-set force)
pushes the floating slide resulting in tight mesh (zero backlash) double flank contact (i.e., on both left and
right flanks) between the product gear and master gear.
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Key
1  drive motor (optional) 6  dial indicator
2 master gear 7  linear detector (optional)
3  testgear 8 recording device (optional)
4  floating slide 9  base
5 spring n  tooth number
Y1 tight mesh center distance Y2 testradius

Figure 4 — General arrangement of a double flank tester

This test can be run with a parallel involute cylindrical gear pair (spur or helical) or with crossed axis
cylindrical involute helical gears. See Figures 7 and 8.

Other types of gears can be tested on a double flank tester, even ones that are not conjugate. In this case
tolerances should be based on the needs of the application.

Crossed axis gears in tight mesh are conjugate at a unique relation between tight mesh centre distance, tight
mesh skew angle and tight mesh working normal pressure angle. Changing one these setting parameters
requires re-adjustment of the other two. However, since it is impractical to adjust the skew angle as a
function of the centre distance during a double flank test, the test is often set up based on the mean specified
tooth thickness, see 5.6. The residual skew error will be included in the measurement results, and is usually
neglected.

NOTE1 an incorrect skew angle always increases the tight mesh centre distance, and therefore increases the
apparent tooth thickness.

NOTE 2  Non conjugate gears can be measured in a double flank tester, provided that an appropriately large range of
limits is specified. The appropriate range is usually based on experience.

Measurement of non involute gears is out of the scope of this standard, since centre distance variations
result in the non-conjugate action which induce systematic residual errors. This test is not applicable for
cylindrical single enveloping worm gears unless the master gear is designed with a tooth thickness that will
result in the double flank test centre distance being equal to the design working centre distance.

NOTE All gears have some degree of non-conjugacy. In parallel axis cylindrical gears, non- conjugacy (tooth to
tooth error) mainly arises from errors in the profile of the test gear to a lessor degree from errors in the profile of the
master.

In crossed axis helical, face gears, bevel gears and worm drives, there may be additional non-conjugacy coming from
the setup of the double flank tester, which can warrant some additional tolerance.

Even when non-conjugate action is expected, a double flank test can still be useful to detect differences between the
gears being tested and to detect nicks and burrs.
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Figure 5 — A double flank test of a parallel axis cylindrical gear

Figure 6 — Double flank test of a crossed axis gear

Figure 7 — Double flank test of a worm and helical gear
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As the master gear is rotated (by hand or by motor), the product gear follows. Involute theory dictates that
perfectly formed teeth will result in no movement of the floating slide along the line between centres. Since
no gear is perfect, there will always be some movement of the floating slide as the gears are rotated. The
magnitude of this movement relative to the rotational position of the product gear is measured with either a
mechanical indicator or electronic detector that contacts the slide mechanism.

The apparatus can measure:
— tight mesh centre distance or test radius;
— total composite deviation.

Tooth-to-tooth composite deviation can also be measured, although this measurement is not used in this
standard.

eo]

N A \1‘“‘\4 A
S~y oy o o o o L
0 36 72 108 144 180 216 252 288 324 360
9

Key

1  tight Mesh centre distance

2 testradius

3  maximum tight mesh centre distance/test radius limit based on maximum axis related tooth thickness

4  minimum tight mesh centre distance/test radius limit based on maximum axis related tooth thickness

5  tight mesh centre distance tolerance range based on axis related tooth thickness tolerance range

6  total composite tolerance

7  total composite deviation

8  composite deviation trace

9  degrees rotation

NOTE The tight mesh centre distance tolerance is directly related to the tooth thickness tolerance.

Figure 8 — Sample double flank test report

6.1.2 Skew angle

In the case of parallel axis gear pairs, the skew angle shall be set to 0°.
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In the case of crossed axis involute helical gear:

— The head of the apparatus supporting the master gear with the driving motor can be inclined in order
to provide the nominal skew angle between the master gear and the test gear at zero backlash centre
distance.

— The master gear may be a cylindrical worm that has an involute profile (Type profile I ).

— Ifthe product gear to be tested is a worm, it shall be mounted on the driving spindle and the master gear
mounted on the floating slide. Driving the worm with the master gear typically is not practical.

— The instantaneous contact between flanks is a point moving along a linear path of contact inclined on
tooth flanks, this means that it is important to ensure that the measured zone along the face width
during the test matches the working path of contact in final assembly of the gear set.

6.1.3 Tight mesh centre distance

Tight mesh centre distance (and/or test radius) can be measured directly on a double flank tester if a
calibration has been performed to relate the position of the floating slide to the actual distance between the
centres of the master and product gears.

If the product gear is specified using non-datum related tooth thickness, then the tight mesh centre distance
measurement limits must include total composite tolerance allowances circumference

The tight mesh centre distance can be measured over the entire product gear's active rolling profile
revealing a range of values for tight mesh centre distance over the product gear’s circumference. A single
value of tight mesh centre distance cannot be isolated. What is clearly defined is the maximum and minimum
tight mesh centre distance. Results within the specified centre distance range ensure that the gear's axis
related tooth thickness is within the design intent since these maximum and minimum tight mesh centre
distance results can be related back to an actual maximum and minimum axis related normal circular tooth
thickness. In addition to the maximum and minimum values, an average value is often useful information
as a reference value since the average axis related and non-datum related tooth thicknesses are identical
on any given product gear. This average value is particularly useful information for process control to help
determine which way to shift the product gear's tooth thickness. The maximum and minimum axis related
tooth thickness values are useful in predicting backlash as outlined in Clause 13.

If the tight mesh centre distance (or test radius) results are within the allowable specifications, it will not
ensure that the gear's non-datum related tooth thickness is within tolerance, since a gear that has very low
total composite variation could have a non-datum related tooth thickness that is thicker or thinner than
specified, yet still be within the axis related tooth thickness operating limits. Unless there is an explicit
requirement that the gear also meets another requirement such as span or over pins, gears that meet the axis
related tooth thickness specification should not be rejected just because the non-datum related thickness is
out of tolerance.

6.1.4 Testradius

Test radius is sometimes specified instead of tight mesh centre distance. The product gear's test radius is
the difference between the tight mesh centre distance and the stated value of the test radius of the master
gear. It is used in the same way and for the same purposes as tight mesh centre distance. The axis is just
shifted by the test radius of the master gear as shown at the right hand side of the double flank chart of
Figure 8. It is considered by some as convenient to use a specification which does not depend on the circular
tooth thickness or number of teeth of the master gear, so that different masters can be used to measure the
same product gear, thereby eliminating the need for multiple tight mesh centre distance specifications that
are master gear dependent. The assumption is that regardless of the test radius of the master gear, the test
radius limits of a product gear are constant. This assumption is only true if the sum of the average circular
tooth thickness for the master and product gear is exactly equal to the normal circular pitch of the mesh.
Since this is rarely the case, the use and application of this simplification can lead to errors which can only
be avoided if the normal circular tooth thickness and number of teeth for the master gear are specified along
with the test radius specification limits for the product gear. This being the case, there is no advantage to test
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radius and therefore tight mesh centre distance should be used to avoid confusion. For more information on
the potential magnitude of errors associated with the use of test radius, see ISO/TR 10064-2 and Reiterl[2l.

6.1.5 Total composite deviation

Total composite deviation, as shown in Figure 8, is the difference between the maximum and minimum
positional readings of the floating slide taken over all of the measured teeth of the product gear.

6.2 Underlying assumptions and limitations

The total composite deviation provides a complete analysis of the active tooth flanks provided the master
gear is properly designed to engage the product gear over its functional surface. The design of the master
can mask local tooth surface deviations since contact is based on the maximum material condition and
overlap of tooth pairs can miss hollow surfaces. Careful design of the master gear can minimize the chance
of this condition occurring.

An underlying assumption is that the master gear has a contact ratio greater than one with the product gear.

Note In some rare circumstances a contact ratio of less than 1 on the double flank tester cannot be avoided.
If required to do so, it should be under the understanding that the measured tooth to tooth deviations are not only
measuring the surface contact of the gear mesh on the double flank tester, but also loss of contact, and therefore loss of
conjugacy during certain portions of the tooth engagement cycle. The effects of both cannot be isolated from a single
reading.

In order to maintain accuracy in the measurement, double flank contact must be maintained at all times.
Therefore, the selection of the pre-set spring force and the speed of rotation of the gears should be given
careful consideration to limit measurement errors. The pre-set spring force needs to be selected specifically
for the product gear's design taking into account the material's ability to resist deformation under the load.
The correct pre-set spring force is the minimum force needed to maintain reliable continuous double flank
contact. If this force results in distortion of the product gear or deflection of the spindles, then changes are
needed to allow use of a lower force. A large pre-set force can distort the gear into conformity, or can mask
the effect of burrs or other asperities that might otherwise lead to rejection of the product gear. A large
pre-set spring force can also deflect the supporting mandrels on the master or product gears resulting in an
error in the measurement.

If there is excessive resistance coming from the mounting of either the product gear or the master gear on
their mounts, then this resistance will result in a separating force. A large separating force can overcome
the pre-set spring force resulting in a loss of double flank contact. As the master and product gear rotate
and separate, the gears eventually roll to a position where the spring force abruptly pushes them back into
double flank contact (i.e., the floating slide moves abruptly). If double flank contact is lost, the test results
are invalid and the resistance in the mandrels should be corrected.

The speed of the rotation of the gears should be selected taking into account the natural response of the
mechanical and electrical (if so equipped) elements of the tester. Generally, it is recommended that at least
30 data points per tooth are available in the data set collected to ensure sufficient sensitivity of the results.

The use of double flank composite measurements can be limited by the ability to produce a suitable master
gear or by the size of the product gear to be tested relative to an available tester. Consult equipment suppliers
for capacities and limitations of these types of testing machines. Furthermore, the datum structure of an
individual product gear can limit the ability to mount it on the apparatus. Care should be taken to avoid
misalignment or eccentricity introduced by any locating fixtures.

For additional information on radial double flank composite testing, refer to ISO/TR 10064-2 and Reiterl2l.

6.3 Advantages and disadvantages

Double flank composite measurement can provide a real time in-process check that can alert when a
process has deviated from the ideal manufacturing condition. Both non-datum related and axis related
tooth thickness along with the cumulative effects of the runout, profile, pitch and helix deviations can
be controlled with the use of a double flank tester. However, should a product gear be rejected by this
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method, the analysis does not in itself provide a key as to the specific characteristic(s) which have led to a
nonconformance. Further analysis may be needed to identify the exact characteristics that need correction.
When this occurs, other common techniques of analysis may include (but are not limited to) span, over pins,
or elemental inspection.

Double flank testing will detect raised surfaces caused by nicks, handling damage, burrs, or in the case of net
shape gears, parting line flash. This makes double flank testing useful in identifying noise concerns related
to these types of defects.

A disadvantage is the double flank tester has to be properly calibrated for measurement of centre distance
and an appropriate master gear needs to be available.

6.4 Master gear design considerations

6.4.1 Criteria for proper meshing

Master gears used in double flank composite measurement should meet the following criteria in order to
mesh properly with a product gear:

a) The master gear shall be verified for suitability by evaluating its meshing condition over the allowable
manufacturing tolerance range of the product gear. The master shall have the potential to function with
proper conjugate action with a product gear at minimum tooth thickness and maximum root and tip
diameters and at maximum tooth thickness with minimum root and tip diameters. In both conditions,
the issues to be evaluated are contact ratio, and start of active profile on both the master and the
product gears. The use of "standard" commercially available master gears does not preclude the need
for this check.

b) The tip of the master gear shall not contact the product gear below its form diameter. This applies to
initial contact and to any type of secondary contact in the fillet or root zone due to inadequate clearance.

c) The tip of the product gear shall not contact the master gear below its form diameter. This applies to
initial contact and to any type of secondary contact in the fillet or root zone due to inadequate clearance.

d) The minimum total contact ratio of the double flank test shall not be less than 1,0 when taking into
account the maximum tooth thickness, minimum tip diameter, maximum root diameter, and maximum
tip radius of the product gear. Should the contact ratio drop below 1,0, the meshing action of the gears
on test will generate an immediate jump in the double flank result for every tooth meshing cycle. This
happens when the spring of the slide on the double flank tester compensates for the loss of mesh force
by abruptly pushing the gears together.

e) The face width of the master gear should be greater than the product gear if the full face width of the
product gear is to be checked in a single test.

f)  When operating with parallel axes, the master gear and the product gear shall have the same reference
base helix angle (and for external gears, opposite hand).

g) The master gear and the product gear shall have the same normal base pitch. In most cases this is
accomplished by the master gear having the same normal module and normal pressure angle as
the product gear. In theory these variables can be different, which can be useful in some special
circumstances, provided that the normal base pitches are equal according to the following relation:

Ppn =TMy3 COSCL, 3 =TTM, COSOL, (39)
NOTE See example xx in annex E for a method to find the helix angle to use in the formulas 40 - 61 for this
special situation.

h) For crossed axis helical gears tested on a double flank tester, when possible the shaft angle setting on
the double flank tester should fulfil the formula given in 6.5.1.1, Formula 46:
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6.4.2 Additional recommendations

The following additional recommendations for good practice can also be of use. These recommendations are
particularly helpful for the determination of other parameters, such as total composite and tooth-to-tooth
deviations:

a) For measurement of tooth-to-tooth composite deviations, the maximum total contact ratio of the double
flank test should be less than 2,0 when taking into account minimum tooth thickness, maximum tip
diameter, minimum root diameter, and minimum tip radius of the product gear. High contact ratios on
the double flank tester promote more overlapping of the mesh and can hide some errors in the product
gear.

Helical gears can have a total contact ratio greater than 2,0 when run against a master gear covering its
full face width. In such cases a decision should be made to either accept the possible smoothing out of
errors that would result with this high contact ratio, or to possibly reduce the face width of the master
gear and measure the helical product gear in different contact zones along the product gear's axis while
maintaining an overall contact ratio of less than 2,0.

When a master gear has a face width that is less than the active face width of the product gears, then the
axis related tooth thickness will not be fully evaluated.

Since the intent of the double flank test is to evaluate the quality of the test part as an ongoing in process
type test and the actual application of the product gear usually includes backlash, the double flank mesh
will not replicate the intended application in every way possible. The design of the master gear shall be
agreed upon between the supplier and purchaser.

b) Inthe case of crossed axis helical double flank meshes where the driver is an involute worm, an involute
worm may also be considered for the master gear. This can provide an advantage for the product gear
in that only the functional zone is measured and other tooth errors that will not be seen in the actual
product mesh will be ignored. In some cases, a helical product gear designed to mate with a worm can
be tested with a narrow face width helical gear master to provide a similar result in a parallel axis
arrangement.

In applications where a worm master is used, it may be necessary to add to the double flank mesh the
proper viscosity lubricant to assist sliding action in the mesh without causing reading errors.

c¢) The extent of the master gear's reach (i.e., the master gear's tip diameter) into the product gear should
be carefully chosen. Although as stated, the mesh under test shall have a minimum contact ratio of 1,0
and a maximum contact ratio of less than 2,0, there shall also be no contact of the master below the root
form diameter of the product gear. There can be a wide range of choices in between those requirements
when establishing the tip diameter of the master gear.

The decision on what master design to use may be based on the cost and availability of existing or
commercially available master gears, or may be based on measuring a product gear to at least its start
of active profile location in the actual application.

d) In order to machine and produce high quality master gears by grinding, the bore of the master gear
needs to be sufficiently large for a mandrel to hold the master gear stable during machining. Ground
master gears with bores less than 6 mm should be carefully considered for the effect on master gear
precision from a small diameter machining mandrel.

6.5 Tight mesh centre distance limits

6.5.1 Working parameters for double flank testing

In parallel axis cylindrical gears as well as in crossed axis cylindrical gear it is possible to calculate the
working normal pressure angle based on the geometric parameters of each gear: normal module, normal
pressure angle, number of teeth, reference helix angles and manufacturing profile shift coefficients (see
ISO 21771-1 Clause 6).
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Then the minimum tight mesh centre distance and the corresponding tight mesh shaft skew angle for a
specified tooth thicknesses of the product gear s, and the master gear s, ; can be determined. This centre
distance is the minimum centre distance that can be reached in double flank measurement.

For external parallel axis involute cylindrical gear pairs, the sum of working helix angles is always equal to
zero, so the skew angle is zero and it is easy to find the pressure angle and centre distance when they are in
tight mesh. For crossed axis involute gears to have conjugate action, three working parameters, (tight mesh
normal pressure angle, tight mesh centre distance and tight mesh skew angle) must be uniquely determined.
See 1SO 21771-1. A general calculation method for these the three tight mesh parameters is described in
6.5.1.1 through 6.5.1.3.

For crossed axis helical gears, it is also possible to establish tight mesh centre distance specifications based
upon an imposed skew angle setting of the double flank tester. In this case, the resulting tight mesh centre
distance can be determined as described in 6.5.1.4.

For cylindrical parallel axis gears, a simplified method is given in 6.5.1.5.

First the profile shift coefficients for the master gear (x,,3) and the product gear (x,,) are determined, see
4.7.6.

6.5.1.1 Tight mesh working normal pressure angle for crossed axis gears:

The tight mesh normal pressure angle is determined from the following equation

_ fano . —1( tanax
z{inv| tan™! wn3 —inv [tan 1 (—" ﬂ
1 (sinf-cosa,, )2 cos
2
L COS™ Qyp3 J
] ] (40)
) -1 tan Otwn3 i -1 tan an
+z34inv| tan —inv|tan™ | —" ||} —2-tana,, -(x+x3)=0
(sin B3 -cosa, )2 cos 3
cos? a3

There is no direct solution to calculate the tight mesh normal pressure angle a,,,3, but there are many
equation solving techniques (root finding algorithms such as bisection or other more advanced methods)
that can be used. It is also possible to partially solve for a3 and then iterate until the solution converges as
follows:

First, calculate the invariant parts of the equation:

1 tano
Yow2 :zinv(tan 1 —") (41)
cos 3
. -1 tang,
Y, =Zz;pinv|tan = ——— 42
aw4 =23 ( cosﬂ3] (42)
Yows =2-tano, -(x+x3) (43)

Then iterate through the next three formulas, starting with the normal pressure angle as the initial guess
for a3
wn3

: 2
(sinf-cosor,)

Y

owl =

1- (44)

cos% oty
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(sin B3 -cosa, )2

Yoz =.|1- - (45)
cos” 3
_1 tanao _1 tano
ztan ly—W"3+Z3 tan~! v W13 1Y w2 + Youa +Yous
O3 = tan—l owl ow3 (46)
Z Z3
+
Yawl Yaw3
NOTE In this clause no numerical subscript is used for the product gear, subscript “3” is used for the master gear.

The result of each iteration should be used as the guess for the next iteration. The iteration should continue
until the change in pressure angle is less that 10-¢. This angle, a,,,3, corresponds to the minimum tight mesh
centre distance (TMCD).

6.5.1.2 Tight mesh centre distance for crossed axis gears at minimum centre distance:

m z z
a3 = TH . + 3 (47)
2 2
cos“ _ cos“ « ,
: wn3 _SmZ ﬂ > wn3 _SmZ ﬁg
cos” o, cos” o,
6.5.1.3 Tight mesh shaft skew angle for crossed axis gears at minimum centre distance:
. _1(sinfB-coso . _1( sinB;-cosc
23 =sIin 1 Q +sin 1 L (48)
COS O3 COS O3

6.5.1.4 Tight mesh centre distance with imposed skew angle for crossed axis gears

Using the data from the gear set, the working conditions can be calculated for a given skew angle, £, The
selected skew angle should be within two degrees of the skew angle for minimum centre distance. See [10]
COLBOURNE).

The working helix angles are:,

B. —tan! sin 8, -sinX (49)
v sin By, cosZ+sin B3

B, = tan"! sin B3 -sinX (50)
w3 sin 8,3 cosZ+sin f3,

The working normal pressure angle is:

a,, =cos ' [% ] =cos”' [%j (51)

sin 3, sin 8,
If B, =0 ignore the formula using B, , and if B3 =0 ignore the formula using 3

The working pitch diameters are:

dy t d
_dptanpy orif B, =0 then d,, =—

— (52)
tan 3, COS Ly

w
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dyst d
_ D3B3 (e p 0 then dyy—— 03 (53)

w3 tan B3 COS lyyp

The centre distance is:

d, +d
Ay =—2—W3 w3 (54)
2
Then the working normal tooth thickness as a function of skew angle, X, are:
T+4xtano 4 d
Swn =dw {$+i inve, —inv| cos 12 }cos Bw (55)
2|7| |2| d,,
T+4x;tano z 1 d
Swn3 = dw3 [M+—3 inv oz —inv| cos 1 —23- }cos Buws (56)
So, the calculated working backlash is:
] nd
Jwn =Pwn ~Swn ~Swn3 = = cos(By )= Swn —Swn3 (57)

However, in a double flank test the backlash is zero, so for this given skew angle X, the centre distance must

be changed by:
AC =j¢ (58)
P 2tanay,,

The resulting tight mesh centre distance, for the imposed skew angle is:

d, +d i
Gy =g ~AC, =W w3 __Jwn (59)
2 2tano,,,
NOTE This centre distance, a,, , is always greater than a,,3.

WARNING — In addition to this calculation, it is important to check the meshing conditions with
this new centre distance. The change in centre distance results in a change in the path of contact,
tip adjustment can be needed on the master gear to avoid meshing interferences, and active tip and
root diameters need to be determined to evaluate contact ratio. The associated calculations for these
verifications are out of the scope of this standard.

6.5.1.5 Simplified calculations for parallel cylindrical gears:

For parallel cylindrical gears, the previous calculations can be simplified (for details see ISO 21771-1 2023
5.3.4) as follows:

The tight mesh transverse pressure angle can be determined directly:

A -1 X+X3 i
O3 =Inv | 2-tanaq,, - s +invoy (60)
3

NOTE a method to calculate the inverse involute is given in Annex D
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The tight mesh centre distance (in double flank contact) is obtained by:

_m,-(z+23) cosay, 1)

a3 =
v 2-cosf, cosa,,3

The tight mesh skew angle is X3 =0 with f=-/3;
NOTE1 Forinternal gears, the centre distance has a negative value for calculations.

NOTE 2  For parallel axis cylindrical gears there is no adjustment to this centre distance since a skew angle other
than zero is not imposed.

6.5.2 Tight mesh centre distance limits

Ideally the double flank test is run at a skew angle that provides the minimum tight mesh centre distance
with the mean product gear tooth thickness. However, often the test is run at the design skew angle. Once the
skew angle for the test has been selected, Formulae 49 through 59 in section 6.5.1.4 can be used to determine
the tight mesh centre distance based on the maximum and minimum tooth thickness. With the master and
product gear mounted on a double flank tester at the chosen skew angle (zero for parallel axis gears), the
maximum and minimum tight mesh centre distance limits based on the non-datum related normal circular
tooth thicknesses of the master and product gear and the product gear's total composite tolerance are:

Figr
94 max = Gw max + - 1000 (non-datum related) (62)
F;
a4 max = Aw min ~ 5 '(‘)i(T) (non-datum related) 63)
Note The number 2 000 appears in Formulas 62 and 63 to both cut in half and convert the value from um to mm.

If the axis related normal circular tooth thickness is specified instead of the non-datum related normal
circular tooth thickness, the maximum and minimum tight mesh centre distance limits are:

Aga max =%w max (@xis related) (64)
A4a min = 9w min (@Xis related) (65)
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