This is a preview of "ANSI/AGMA 2003-D19". Click here to purchase the full version from the ANSI store.

A 4

American ANSI/AGMA 2003-D19
@ Gear Manufacturers (Revision of ANSI/AGMA 2003-C10)
Association

ANSI/AGMA 2003-D19

American National Standard

Rating the Pitting
Resistance and Bending
Strength of Generated
Straight Bevel, Zerol
Bevel and Spiral Bevel
Gear Teeth


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA2003D19?source=preview

This is a preview of "ANSI/AGMA 2003-D19". Click here to purchase the full version from the ANSI store.

American Rating the Pitting Resistance and Bending Strength of Generated Straight
National Bevel, Zerol Bevel and Spiral Bevel Gear Teeth
Standard ANSI/AGMA 2003-D19

[Revision of ANSI/AGMA 2003-C10]

Approval of an American National Standard requires verification by ANSI that the
requirements for due process, consensus, and other criteria for approval have been
met by the standards developer.

Consensus is established when, in the judgment of the ANSI Board of Standards
Review, substantial agreement has been reached by directly and materially affected
interests. Substantial agreement means much more than a simple majority, but not
necessarily unanimity. Consensus requires that all views and objections be
considered, and that a concerted effort be made toward their resolution.

The use of American National Standards is completely voluntary; their existence
does not in any respect preclude anyone, whether he has approved the standards or
not, from manufacturing, marketing, purchasing, or using products, processes, or
procedures not conforming to the standards.

The American National Standards Institute does not develop standards and will in no
circumstances give an interpretation of any American National Standard. Moreover,
no person shall have the right or authority to issue an interpretation of an American
National Standard in the name of the American National Standards Institute.
Requests for interpretation of this standard should be addressed to the American
Gear Manufacturers Association.

CAUTION NOTICE: AGMA technical publications are subject to constant
improvement, revision, or withdrawal as dictated by experience. Any person who
refers to any AGMA technical publication should be sure that the publication is the
latest available from the Association on the subject matter.

[Tables or other self-supporting sections may be referenced. Citations should read:
See ANSI/AGMA 2003-D19, Rating the Pitting Resistance and Bending Strength of
Generated Straight Bevel, Zerol Bevel and Spiral Bevel Gear Teeth, published by the
American Gear Manufacturers Association, 1001 N. Fairfax Street, Suite 500,
Alexandria, Virginia 22314, http://www.agma.org.]

Approved May 14, 2019
ABSTRACT

This standard specifies a method for rating the pitting resistance and bending strength of generated
straight bevel, zerol bevel and spiral bevel gear teeth. A detailed discussion of factors influencing gear
survival and a calculation method are provided.

Published by

American Gear Manufacturers Association
1001 N. Fairfax Street, Suite 500, Alexandria, Virginia 22314

Copyright © 2019 by American Gear Manufacturers Association
All rights reserved.

No part of this publication may be reproduced in any form, in an electronic
retrieval system or otherwise, without prior written permission of the publisher.

Printed in the United States of America
ISBN: 978-1-64353-037-6

©AGMA 2019 — All rights reserved i


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA2003D19?source=preview

This is a preview of "ANSI/AGMA 2003-D19". Click here to purchase the full version from the ANSI store.

Contents
Lo =11 o PO %
TS T o o T USSR 1
1.1 (= 14 To o3 411 =TS 1
1.2 Dot o) o] o 1 PP PUPPPR PP 1
D2 o T 1Y T = L (B 2
2.1 NOrMAtiVE FEfEIENCES ... ... et e e e e e e e e e e eeeeeeas 2
2.2 137 0] oo )£ RS PEERR 3
B T L o o] 1= o | 128 5
3.1 L= 11T T N o =T 1= 5
3.2 [N o] EIW T o110 o o TN (o =T [ RS RR 5
G T T 1= 1o Vo 6
3.4 Manufacturing METhOAS...........oiiiiii e e e e e e et eea s 6
3.5 ManUufacturing tOIErANCES .........oiiiii e e e e e e r e e e e e e senrareeeaeas 6
3.6 (@70 ] 1 ¢= o2 i oY= 11 (=4 o 1S 6
3.7 [ gl 1T=To JR=TetoU [ = o PSPPI 6
3.8 Other CONSIAEIAtIONS ........eeiiiiee et et e e e e e e e s e e e e e e e e e e e ennneeeeaeaeaeanns 6
4 Criteria for gear t00th CAPACITY ......cciiiiiiiiieie e e e a e e e e e e e e e e e 8
4.1 Relationship between macropitting resistance and bending strength.............cccovvviiiiiiiiiiiiinnnnn. 8
4.2 /=T o] o] 1 11T [ 8
4.3 Y, Tod o o 1 111 o SR 8
I ¥ | o To%= ET N = [ 11 [ YRR 9
4.5 Bending Strength .. .. nnnnnnnnnn 9
5 Fundamental rating fOrMUIAS .........ooouiiiii e 9
5.1 PIEING FESISTANCE ... s 10
5.2 Bending Strength ... ..o nnnnnnnn 11
L 1 01T o T (] o [0TSR 12
VA O =Ty (o= o I 2= et o] N O 0 T TP PRSP PPO PPN 13
71 Items affecting external dynamic 10adS...........occuiiiiiiii i 13
7.2 Establishment of overload factors ............cooiiiii i 13
Safety factor, Sy and Se.....oo i 13
1= AV o7 = Lo (] S 14
9.1 Historical SErvice faCtOrsS ... .. .o e e e as 14
9.2 USE Of SEIVICE TaCTOrS. ..ot e e e e e e e e e e e e eeeeas 14
1O DYNAMIC FACIOT, K, .eeutiiitiieiiie ittt ettt h et a ettt e bt sa e e e bt e b e e s e e e ann e e naneeereas 15
101 DeSIgN EFfECES. .. 15
10.2  Manufacturing €ffECES ......coo i 15
10.3  TranSMISSION ©ITON ...ttt e e e e ettt e e e e e e e e n e e e e e aeeeaaanneeeeeeaaeeeaannnneeeeaaaeaanns 15
10.4  DYNAMIC FESPONSE ..ccuutiiieiiiiieeeiitete e ettt e e ettt e st bt e e s ab e et e s hbe et e s b b e et e sbbe e e e sbbe e e e sabbe e e e aabbeeeeaanneeas 16
TO.5  RESONANCE ....eeeiiieiee et e oottt e e e e oottt et e e e e e e e aeeeeeeeaeeaeaannteeeeeaaeeaaannseeeeaaeeeaaannnneeeeaaeeaanns 16
10.6  Approximate dynamiC faCtOr, K|, .........c.uiiuiiiiiieiiii ettt 16
L O 14 1= R 7= 11 = PP 18
10.8  UNity dYNAMIC FACION.......uiiiiiii i e e e e e e et e e e e e e e e e enaareeeeaaeeeaans 18
11 Size factors, Cg(Zy), Kg (Fy) . oeeeieiiiiiiiie e s 18
11.1  Size factor for pitting resisStance, Cy(Z,) ... ..o 19
11.2  Size factor for bending strength, K (Y,)...coooueiiiiiiee e e 19
12 Load distribution factor, K, (Kijp) -« - e eeeeeerermeiini 20
13 Crowning factor for Pitting, Cyg (Zyg) -« -eeeremmreemeeeee e e 22
14 Lengthwise curvature factor for bending strength, K, (Yg)....cocoovviiiiinns 22
15 Geometry factors, 7 (Z)) N J (F))...ueeoiuieiiee ettt ettt 22

©AGMA 2019 — All rights reserved ii


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA2003D19?source=preview

This is a preview of "ANSI/AGMA 2003-D19". Click here to purchase the full version from the ANSI store.

15.1 Pitting resistance geometry factor, 7 (Z)) .........coooi oo 23
15.2 Bending strength geometry factor, J () ....coooueiiiiiiiieieeie e 23
16 Stress cycle factors, C| (Zyr) @NA K| (Y1) ceeoeereriirii i 24
16.1  Stress cycle factor for pitting resistance C, (Zyg) ..-oovooeeveeeeieeieee 24
16.2 Stress cycle factor for bending strength, K| (Yyp) «-oovooeeoeeenie 25
16.3  LOCAIZEA YIEIAING ....coiiiiiiiiiiiiie ettt 26
17 Hardness ratio factor for pitting resistance, Ciy (Zyy) -.-ceooeeeimroie e 26
171 Through hardened GEAIS.........coo it e e 26
17.2 Surface hardened/through hardened Steels............cooiiiiiiiiiiiii e 27
17.3  Equal hardness MaterialS. ... et e e e e e e e e e e e 28
18 Temperature factor, K7 (Kp) «...ooovoieeiiiiiiii e e 28
18.1  High temperature Operation ..........cooooooooiiiiie s 29
18.2  Low temperature OPEration .........cccooioiiiiiiiiiceee s 29
19 Reliability factors, Cg (Z7) @Nd K (F2) «ueeeiieiee e e 29
20 Elastic coefficient for pitting resistance, Cj, (Zg).....coooreeninin 30
21 Allowable SIreSS NUMDEIS.......cooiiiii e e e e e e e e e e s e e e e eanee 30
21.1  Guide for case depth of surface hardened gears............ccceeviiiiiiiiiii i 33
21.2  Allowable contact stress NUMDET, s, (Gyjig) -« eerreererrrrrrmmimiiiir i 36
21.3 Bending stress number (allowable), s, (O jim) +reereerrerremrriiiiriniiis i 36
21.4  Metallurgical CONSIAEIratiONS.........coiiiiiiiiiii e 38
Annexes
Annex A (informative) Values for overload factor, K (Kp).....ccooeoeiieiiiiiieicecee e 42
Annex B (informative) MINEr'S RUIE .........eiiiiiiii e 43
Annex C  (informative) Geometry factors, 7 and J...........cueiiiiiiiiiiiiiieie e 48
Annex C (M) (informative) Geometry factors, Z, and Y .......cccccooviiiiiiiiiiiiiicc e, 62
Annex D (informative) Geometry factor fIQUIeS.........c..uviiiiiii i 77
Annex E  (informative) Bevel gear sample calculations ..o 96
Annex F (informative) Bibliography ..........cooo i 99
Tables
Table 1 — Symbols used in gear rating eqUAatiONS...........ooiiii i s 3
Table 2 — Reliability faCtOrS ........uiiii et 30
Table 3 — Allowable contact stress number, s, (o im), for steel gears ... 31
Table 4 — Allowable contact stress number, s, (G jim), TOr iron gears ..o 32
Table 5 — Bending stress number (allowable), s, (og i), for steel gears ...............ccooviiiiiiiiice 32
Table 6 — Bending stress number (allowable), s, (o¢ jm), fOriron gears ..., 32
Table 7 — Hardening ProCesSs fACIOIS ........uiiiiiiiii ettt e e e e 34
Table 8 — Major metallurgical factors affecting carburized and hardened gears”23) .............ccccceeeennn. 38
Table 9 — Major metallurgical factors affecting nitrided gears23) ...........c.coooiiiiiiiicie e 40
Table 10 — Major metallurgical factors affecting through hardened gears V23) ...........cccoeviiiiieecieennen. 40
Table 11 — Major metallurgical factors affecting flame or induction hardened gearsV23)........................ 41

©AGMA 2019 — All rights reserved iii


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA2003D19?source=preview

This is a preview of "ANSI/AGMA 2003-D19". Click here to purchase the full version from the ANSI store.

Figures

Figure 1 — Dynamic factor, K, .........oo e e 17
Figure 2 — Bevel gear pitting resistance size factor, C, (Z,).......cooooe i 19
Figure 3 — Bevel gear strength Size factor, K (1) ... oo veeireiimiieiiie ittt 20
Figure 4 — Load distribution factor, K, (Kyy), for crowned teeth ... 21
Figure 5 — Stress cycle factor for pitting resistance, C, (Zyr)

(carburized case hardened steel bevel GEArs)..........oovviiiiiiiiiiiii e 25
Figure 6 — Stress cycle factor for bending strength, K (¥;)

(carburized case hardened steel bevel GaArs)...........uvuviiii i 25
Figure 7 — Hardness ratio factor, C, (Z,), for through hardened pinion and gear...................c.cc.cocoe 27
Figure 8 — Hardness ratio factor, C, (Z,), for surface hardened pinions...................cccccooiiiii 29
Figure 9 — Allowable contact stress number for through hardened steel gears, s, (G jim) --+--+--eeereereeeenes 31
Figure 10 — Bending stress number (allowable) for through hardened steel gears, s, (Gg jim) -----eeeeeveeenens 33
Figure 11 — Typical minimum effective case depth for carburized gears, i, (h' ) ...c.cccooviieiinni 35
Figure 12 — Minimum total case depth for nitrided gears, /i, ..........cccccooiiiiiiiiinii 36
Figure 13 — Core hardness COEffICIENt, Uy ........c.ccoiuiiiiiiiiiiiii e e 37

©AGMA 2019 — All rights reserved iv


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA2003D19?source=preview

This is a preview of "ANSI/AGMA 2003-D19". Click here to purchase the full version from the ANSI store.

Foreword

[The foreword, footnotes and annexes, if any, in this document are provided for informational purposes only and are
not to be construed as a part of ANSI/AGMA Standard 2003-D19, Rating the Pitting Resistance and Bending
Strength of Generated Straight Bevel, Zerol Bevel and Spiral Bevel Gear Teeth.]

This standard presents general formulas for rating pitting resistance and bending strength of generated
straight bevel, zerol bevel and spiral bevel gear teeth, and supersedes the following previous standards:

AGMA 212.02, Standard for Surface Durability (Pitting) Formulas for Straight Bevel and Zerol Bevel
Gear Teeth

AGMA 216.01, Standard for Surface Durability (Pitting) Formulas for Spiral Bevel Gear Teeth
AGMA 222.02, Standard for Rating the Strength of Straight Bevel and Zerol Bevel Gear Teeth
AGMA 223.01, Standard for Rating the Strength of Spiral Bevel Gear Teeth

The purpose of standard 2003-A86 was to establish a common base for rating various types of bevel
gears for differing applications and to encourage the maximum practical degree of uniformity and
consistency between rating practices within the gear industry.

The formulas presented in this standard contain numerous terms whose individual values can vary
significantly depending on application, system effects, accuracy and manufacturing method. Proper
evaluation of these terms is essential for realistic rating. The knowledge and judgment required to
properly evaluate the various rating factors come primarily from years of accumulated experience in
designing, testing, manufacturing and operating similar gear units. The detailed treatment of the general
rating formulas for specific product applications is best accomplished by those experienced in the field.

ANSI/AGMA 2003-A86 consolidated and updated previous standards to facilitate application by
elimination of redundant material, and also to stress the importance of checking both pitting resistance
and bending strength aspects to insure a reliable and well balanced design.

The first draft of ANSI/AGMA 2003-A86 was made in May 1980. It was approved by the AGMA
membership in June 1985. It was approved as an American National Standard on May 2, 1986, but was
not published until early 1987. The edition contained editorial items which were discovered after
publication and corrected by the members of the AGMA Gear Rating Committee in the spring of 1988.

AGMA 2003-B97 began as a proposal by the US Delegation to the International Standards Organization
(ISO) in 1988 as an effort to reach a consensus. It contained revisions and updates which made it closer
to ISO as follows:
— The calculations for dynamic factor and geometry factors appeared in a draft of ISO 10300;
— The table for load distribution factor was the same as appears in a draft of ISO 10300;
— The material grade requirements were similar to those of ISO 6336-5;
— Each symbol used in AGMA 2003-B97 had the ISO equivalent symbol adjacent to it in
parentheses.
Several significant changes were introduced in AGMA 2003-B97:
— The introduction of material grade requirements to provide guidance in the selection of stress
numbers;
— The replacement of the external dynamic factor;
— Replacing the internal dynamic factor with a new dynamic factor;
— Equations for size factor for bending and pitting resistance were introduced;
— An adjustment of the load distribution factor;
— Reuvision of the allowable stress numbers;
— Elimination of the stress correction factor;

— The life factor curve for pitting resistance was adjusted to compensate for revisions to previously
mentioned factors;

— The fundamental contact stress formula was adjusted to remove the term accommodating light
load conditions.
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The term zerol or Zerol is used to define a spiral bevel gear with a zero spiral angle. Zerol is a registered
trademark of the Gleason Works [4].

The earlier version of this standard, ANSI/AGMA 2003-C10, was a revision of its superseded version. The
size factor for pitting resistance addressed in Clause 11 was updated to incorporate experience which
was gained with use of the standard. Editorial changes were made to Equations 10M, C103M and

Figure 3. All other material in the standard remained unchanged.

In addition to a general update to match current industry practices, ANSI/AGMA 2003-D19, which
replaces ANSI/AGMA 2003-C10, also includes the following updates:

a. extensively rewrote Clause 4 criteria for gear tooth capacity;

b. adjusted constants in equations for more accurate imperial-to-metric results;

c. added to section 21 explanation why bending stress numbers of bevel gears are lower compared
to spur and helical gears;

d. recalculated the sample problem with additional information.

The first draft of ANSI/AGMA 2003-D19 was made in June 2016. It was approved by the AGMA
membership in March 2019. It was approved as an American National Standard on May 14, 2019.

Suggestions for improvement of this standard will be welcome. They should be sent to tech@agma.org.
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AMERICAN NATIONAL STANDARD ANSI/AGMA 2003-D19

American National Standard —

Rating the Pitting Resistance and Bending Strength
of Generated Straight Bevel, Zerol Bevel and Spiral
Bevel Gear Teeth

1 Scope

1.1 Rating formulas
This standard provides a method by which different gear designs can be compared.

The formulas in this standard are intended to establish a uniformly acceptable method for calculating the
pitting resistance and bending strength capacity of generated straight bevel, zerol bevel and spiral bevel
gear teeth; curved and skewed tooth. They apply equally to tapered depth and uniform depth teeth.

The knowledge and judgment required to evaluate the various rating factors come from years of
accumulated experience in designing, manufacturing and operating gear units. Empirical factors given in
this standard are general in nature. AGMA application standards may use other empirical factors that are
more closely suited to the particular field of application. This standard is intended for use by the
experienced gear designer, capable of selecting reasonable values for the factors. It is not intended for
use by the engineering public at large.

1.2 Exceptions

The rating formulas in this standard are not applicable to other types of gear tooth deterioration such as
scuffing, wear, plastic yielding, scoring, case crushing and welding and are not applicable when vibratory
conditions exceed the limits specified for the normal operation of the gears (see ANSI/AGMA 6000-B96,
Specification for Measurement of Lateral Vibration on Gear Units).

The formulas of this standard are not applicable when any of the following conditions exist:
— bevel gears with offset, such as hypoids;
— straight and zerol bevel gears with transverse contact ratios, m, (¢,) less than 1.0;
— bevel gears with modified contact ratios, m, (¢,) less than 1.0;

— bevel gears which have a poor contact pattern;
— interference exists between tips of teeth and root fillets;
— teeth are pointed;
— backlash is zero;
— bevel teeth finished by forging, casting or sintering.
Design considerations to prevent fractures emanating from stress risers on the tooth profile, tip chipping

and failures of the gear blank through the web or hub should be analyzed by general machine design
methods.

NOTE: For the purposes of this document, pitting is meant as macropitting unless otherwise stated.

1.21 Scuffing

Formulas for scuffing resistance on bevel gear teeth are not included in this standard. At the present time,
there is insufficient agreement concerning the method for designing bevel gears to resist scuffing failure.
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