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Approval of an American National Standard requires verification by ANSI that the
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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
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The use of American National Standards is completely voluntary; their existence
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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 6015-A13, Power Rating of Single and Double Helical Gearing for
Rolling Mill Service, published by the American Gear Manufacturers Association,
1001 N. Fairfax Street, Suite 500, Alexandria, Virginia 22314, http://www.agma.org.]

Approved September 23, 2013
ABSTRACT

This standard specifies a method for rating the pitting resistance and bending strength of herringbone,
double helical, and helical involute gear pairs as applied to metal rolling mills.

Published by

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

Copyright © 2013 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: 978-1-61481-056-8

©AGMA 2013 — All rights reserved ii


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA6015A13?source=preview

This is a preview of "ANSI/AGMA 6015-A13". Click here to purchase the full version from the ANSI store.

Contents
o110 (o SO S USSP PRSPPPPPPPPPRY v
Yoo oL OO P TP PPPTPPPP 1
1.1 Y o] 0] o= 1 1] Y2 PSPPSR 1
1.2 = L1 g To I (0] 1 1410 =TSR 1
1.3 [T a T 1= L1 To T E PSP PPUPPPRPPPPRt 2
A o 00 4 F= 1Y LR (=) (=1 (=] [ T PR PPUPOPRR 2
3 DefinitioNs @nd SYMDOIS .......ccoii it e e e e e e e e e e e e e e e e nre e 4
3.1 DL i a1 [0 PN 4
3.2 SYMIBIOIS ...ttt b et e h e e b e e e e n e e e e e e e e e e e e 4
R B 1= T W el0] g Yo [=] = 1o g SRR 5
4.1 MOMENTAIY OVEIOAAS. ... . ettt e e e e ettt e e e e e e e et bbb e e e e e e e e e annbeeaaaeaas 6
4.2 oY= To 10 To ORI 6
4.3 L TTo] A TEY ¢= L [o [P PPUPPRPPPPRt 6
4.4 Relative hardness Of GEAING ......cooi i e e e e e r e e e e e s s arareeaee s 7
R ¥ 11 o [0 [ o1 11T - ST PSP PP PPPPTN 7
5.1 Pitting reSiStanCe POWET FALING .. ....ocevveeiieee e e ieeie e e e e e e s s e e e e e s s st e e e e e e s s ssntaraeeeeeesessnnrnaneeeees 7
5.2 Pitting resistance Of NeliCal QEAIS, PacuR -«  r eerirrrrrrririieeiiiiiiieir et e e e ssstee e e e e e e s s e e e e e e s snrrreeeees 7
5.3 Bending Strength POWET FAtING .......oceeiiiiiiee e e e e e e e e e s e e e e e e e s snrnneeeee s 7
5.4 Bending strength of heliCal QEAIS, PagiR.««« e eeeierrrirriiiieeiiiiiiieie et e s serte e e e e e s e e e e e e s snrraeeeee s 8
55 SEIVICE fACION ..o 8
(SR DY/ F= o (o = Tos (o] A PP PURPTR 8
7 Load distribution factor, KimR «ooooeeeeiiiei e 8
7.1 Values for load diStribUtioN fACIOr, KinRe.. . iieiiiieiieiii i eeeiee e e e et e e e e s eeerae s e e s s eesebba e eeeeseeens 9
7.2 Face load diStribULION fACIOT, CrfR «evvrreriiiiiiiiiiiiiiiiee it e e e e et e e e e e s et e e e e e s s essabb s e eesseeaeraanss 9
%72 T W= Y- To I o ] ¢ (= Tox 1[0 ] T =103 (0] GRS 10
7.2.2  Pinion proportion fACION, CpR ... . ueererrririiiiiieie i see e s 10
7.2.3  Pinion proportion MOGIfIEr, ComR .« - eerrerieriereiieiie e 11
7.2.4  Mesh aligNMmENTt fACIOT, Ciar «eeeeeeeeeiirirrrrrriereeeiiiiuireereeeeesssirrreereeeeessassastreeeeaeessaannrrseeeeeeessasnnes 11
7.2.5 Mesh alignment CorreCtion factor, Cer .vvvvieeeiiiiiiiiiiiiiee e ccccie e s e e e e e e s e e e e e e e s enanes 12
8  Allowable StreSS NUMDETS, Sac QNG Satererrrnniiiiiiieeiiiieieee et e e e e e e e et e e e e e s e es b aeseessesstab s eesseeeesrannes 12
8.1 Guide for case depth of surface hardened teeth..............coooiiiiiii e 22
8.1.1 Carburized and hardened tEELN ..........oooiiiiiiiiieeee et 23
8.1.2 Induction hardened tEEIN .........oovvreie e 23
S TR IS TN [ [ 10 ] g F= LI od] g 1y 0 {1 = 1[0 o F- 24
9 Stress CYCle fACIOrS, Zyr ANO YRR .ooorrrrrrrieeeiiiiiiitierieeessssitrrreeeeeesesssttareeeeeeessssstaraeeeaessaaassstsneeeaeessaannes 24
9.1 [0 T=To I o3V od [T O OO PRPTPPP 25
9.2 Stress cycle factors for pitting reSIStANCE, ZNR «.vvvveeirrriieiiiiiee et 25
9.3 Stress cycle factor for bending StreNGtN, YNR «.ooveeeee i 26
O o F= T (o [ (ST = L ([0 I = (1 (o | O T 26
10.1  Through hardened pinions mating with through hardened gears ...........cccccccvveeiiiiicciiiceee e, 27
10.2  Surface hardened pinions and through hardened gears ..........cccccovvieeiiiiiiiie i 28
10.3  Surface hardened pinions and surface hardened gears...........ccvvveiiieieiiiieie e 28
5 Y o g g =T a1 = T YA )Y/ =T ¢ (o = Vo RSP 28
11.1  Infrequent momentary OVEIOAAS .........c..uuiiiiiiiiii it e e e e e e 28
2 @3Vl [ Tot= 1 o )Y/ T (o F= Lo LS UP TR PP URPPT 29
12 RIM thiCKNESS fACTON, K. ... iiiiiiiiiiiiei ettt e e et s e e e s e e et e b s e e e e e s e ea bbb s aeesseessbaanseeeseseensanns 29
13 Surface condition factor, pitting reSIStANCE, CiR «vvveeeeiiiiiiiieiee e s it e e e s e s e e e e e e s e e e e e e e s e nnnes 30
14 Surface condition factor, tooth root BENAING, KTRE . ..ioioerriiiiieeeie e a e 31

Annexes
Annex A Typical rolling Mill IOAAING .......ccoiiiiiiiiiie e e e e e e s s et re e e e e s enannnreeeeeaeees 32
Annex B Pinion and gear blank CONSIAEIAtIONS ...........cccuuviiiiieeeisiiiiieiie e e s s e e e e e s r e e e e e e ennrnneeeee s 34

©AGMA 2013 — All rights reserved iii


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA6015A13?source=preview

This is a preview of "ANSI/AGMA 6015-A13". Click here to purchase the full version from the ANSI store.

YN gL Lo OIS oV ToT o = Tt (o] £ TR 38
ANNEX D INitial SNATt SIZING ..veiieeiiiiiiee e e e e e s s e e e e e e e assnr e e e e e e e e e aanraanraaaees 40
Annex E Housing bore alignment CONSIAEIatioNS ...........cooiuuiiiiiiiiiieiiiii et 42
ANNEX F SAMPIE PIrODIBIMS ...ttt hb e e eab bt e e sab e e anbbe e e e snnneeas 43
Annex G Lead modification design and contact pattern Verification .............cccoovveieiiiieeiniiee e, 46
Annex H Typical rolling mill drive arrangemeENtS............uuiiiiiiiaii e e e e e 50
F N g g 1oy I 21T T o LSRR UPPTT TP 54
F N ] a1 N BT ] o ¢ [o%= 110 o O PO URPPRPPRt 56
Annex K Condition monitoring and preventive MaintENaNCE ............ueeeieeeiiiiiiiireeeeeeseiniiirrree e e e s sssnnreeeeeeees 59
PN g a1 I 2T o] [T T =T o] 2 )Y/ SRR 61
Tables

LI 01 Y 4T 0T SRR 4
Table 2 - Empirical coefficients A, B, @nd C.........ccoiiiiiiiiiieie e e s ssiae e e e e e e e snnnrrnereeee s 11
Table 3 - Allowable contact stress number, S, fOr Steel gEarS .......cvvviviiiciiiiiii e 13
Table 4 - Allowable bending stress number, Sy, fOr Steel gEArS ......cvceviiiciiiieiie e 13
Table 5 - Metallurgical characteristics affecting the allowable contact stress number, s,, and

allowable bending stress number, s for through hardened steel gears ..........cccoocciiiieiee e, 14
Table 6 - Metallurgical characteristics affecting the allowable contact stress number, s,, and

allowable bending stress number, sy, for carburized and hardened steel gears........ccccceeevvviciiiiieeeeeennins 17
Table 7 - Metallurgical characteristics affecting the allowable contact stress number, s,., and

allowable bending stress number, sy, for induction hardened steel gears ... 20
Table 8 - Surface condition factor, pitting reSIStANCE, CiR ..vvvevviiciiiieiie e e e 31
Table 9 - Surface condition factor, tooth root bending, Kirr.....cccvveeiiiiiiiiiiie e 31
Figures

Figure 1 - Pinion Proportion fACIOr, CufR «.....eerverrreiitiiiierieiiieeie ettt sre et 10
Figure 2 - Evaluation Of SANA Sy ....ccoo it e e e e e e e e s s rae e e e e e e e e annes 11
Figure 3 - Mesh alignNMmENt fACIOr, CiiaR -« ««reeeeeeerirrrrrmrireeeieiiisrireereeeessiasrsrerreeeessaaassrerereeeeesaaassenereeeeesanannes 12
Figure 4 - Required hardening pattern for induction hardened teeth...........cccoocciiieeiei i, 14
Figure 5 - Minimum effective case depth, carburized and hardened teeth............cccccccooiiii e, 23
Figure 6 - Minimum effective case depth, induction hardened teeth .............cooviiiiiiie i 24
Figure 7 - Stress cycle factor, pitting reSIStANCE, ZyR ... eiivierrrreeiieeeieiiiieeie e e e e e e e e e ssrereeereae e e s ennnes 25
Figure 8 - Stress cycle factor, bending Strength, YR .ooveee oo 26
Figure 9 - Hardness ratio faCtOr, G ..ouuiiiiiiiie sttt e e s s e e e e s e s s e e e e e e e s s e nannaeaeeeeeeeseannns 27
Figure 10 - RimM thiCKNESS fAaCOr, Kg .....uiviiiiiieiii i e e e e e e e e e e e s s e s rnareeeeeeeeannes 30

©AGMA 2013 — All rights reserved iv


https://webstore.ansi.org/Standards/AGMA/ANSIAGMA6015A13?source=preview

This is a preview of "ANSI/AGMA 6015-A13". 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 6015-A13, Power Rating of Single
and Double Helical Gearing for Rolling Mill Service.]

The first AGMA standard for rolling mill gearing was AGMA 323.01, October 1969, Helical and
Herringbone Gearing for Rolling Mill Service. The first draft of this standard was prepared in December
1967. It was approved by the AGMA membership and became an official AGMA Standard in August
1969.

In February 1979, the Mill Gearing Committee was reorganized to review the Standard and revise it in
accordance with a proposed new standard for Rating the Pitting Resistance and Bending Strength of
Spur and Helical Involute Gear Teeth. This new standard became AGMA 218.01 in December 1982.
With AGMA 218.01 as a guide, the committee submitted the first draft of ANSI/AGMA 6005-B89 in 1984.
It was approved by the AGMA membership in February 1989 and supersedes AGMA 323.01, Helical and
Herringbone Gearing for Rolling Mill Service.

In 2002, AGMA 6005 was withdrawn to facilitate the creation of an update based on the then current
standard Rating the Pitting Resistance and Bending Strength of Spur and Helical Involute Gear Teeth,
ANSI/AGMA 2001-C95.

The purpose of ANSI/AGMA 6015-A13 is to provide a method for determining the power rating of gear
sets used in main mill drives, pinion stands, and combination units for metal rolling mills. This standard
was written to address the fundamental differences between typical enclosed drive applications and
rolling mill applications.

In June 2005 the Mill Gearing Committee began work on ANSI/AGMA 6015-A13 derived from
ANSI/AGMA 2001-D04 and ANSI/AGMA 6005-B89. Changes to the standard include a method by which
different gear tooth designs can be rated and compared at the extended life cycles typical for these
applications. Face widths in excess of the 40 inches limitation contained within previous standards are
also accommodated, as is a calculation method for load distribution factor, Ky, at these extended face
widths. The standard addresses the range of load spectra experienced by these drives and defines load
sharing for two and three high mill pinion stands.

The stress cycle factor for pitting resistance, Zyr, consists of a single curve above 10’ cycles, and its
value has been modified based on current practice. The stress cycle factor for bending strength Yyg,
consists of two curves above 10’ cycles, one for gears with shot peened roots, and the other for gears
with untreated roots. Below 10’ cycles, both Zyr and Yyr are assigned value of unity. In addition, the
surface condition factor for pitting resistance, Cs, is assigned values other than 1.00 depending on the
composite surface finish of the tooth flanks of both mating elements, and a new surface condition factor
for tooth root bending, Kirr, has been created and is assigned values depending on the surface finish for
the tooth root fillets of the gear in question.

Annexes are included in this standard to give guidance on service factors, shaft design, blank
configuration and others.

This AGMA Standard and related publications are based on typical or average data, conditions, or
applications. The Association intends to continue working to update this Standard and to incorporate in
future revisions the latest acceptable technology from domestic and international sources.

The first draft of ANSI/AGMA 6015-A13 was made in January 2009. It was approved by the AGMA
membership in August, 2013. It was approved as an American National Standard on September 23,
2013.

Suggestions for improvement of this standard will be welcome. They may be submitted to
tech@agma.org.
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AMERICAN GEAR MANUFACTURERS ASSOCIATION ANSI/AGMA 6015-A13

American National Standard -

Power Rating of Single and Double Helical Gearing
for Rolling Mill Service

1 Scope

This Standard provides a method for determining the power rating of gear sets used in main mill drives,
pinion stands, and combination units used for the reduction of material size in metal rolling mills.

1.1  Applicability

Applications include but are not limited to, hot mills and cold mills, roughing and finishing stands:
reducing, increasing, and 1:1 ratio sets. Auxiliary drives, including drives listed in ANSI/AGMA 6013-A06,
such as bridles, coilers, uncoilers, edge trimmers, flatteners, loopers (accumulators), pinch rolls, scrap
choppers, shears, and slitters are not covered by this document.

This standard includes a method by which different gear tooth designs can be rated and compared at
extended life cycles typical for these applications, up to 175 000 hours.

Extended face widths in excess of the 40 inch limit contained within ANSI/AGMA 2001-D04 and
ANSI/AGMA 6013-A06 are accommodated. Single helical designs with face widths as large as 60 inches
and double helical designs with effective face widths as large as 90 inches are not uncommon in these
applications. A calculation method is included for the load distribution factor, K.,, using a modification to
the factors defined in ANSI/AGMA 2001-D04 for these extended face widths.

The standard addresses the range of load spectra experienced by these drives and defines load sharing
for two and three high mill pinion stands.

1.2 Rating formulae

The formulae included determine the allowable fatigue ratings for pitting resistance and bending strength
of steel gears with machined single or double helical external involute gear teeth only. Use of these
formulae does not assure the performance of assembled gear drive systems, as numerous other design
and operational factors are involved that are beyond the scope of this document.

The formulae evaluate gear tooth capacity as influenced by the major factors which affect gear tooth
pitting and gear tooth fracture at the root fillet, when operating within design criteria for alignment and
lubrication.

Where empirical values for rating factors are given by curves, curve-fitting equations are provided to
facilitate computer programming. The constants and coefficients used in curve fitting often have
significant digits in excess of those inferred by the reliability of the empirical data. Experimental data from
actual gear unit measurements are seldom repeatable within a plus or minus 10 percent band.

This standard is intended for use by experienced gear designers capable of selecting reasonable values
for the rating factors. It is not intended for use by the engineering public at large. Values for factors
assigned in other standards are not applicable to this standard nor are the values assigned in this
standard applicable to other standards. Mixing values from other standards with those from this standard
could lead to erroneous ratings.

The gear designer or manufacturer is not responsible for the total system unless such a requirement is
clearly identified in the contractual agreement.

It is imperative that the overall system designer be satisfied that the system of connected rotating parts is
compatible, free from critical speeds and from torsional or other vibrations within the specified speed
range, no matter how induced.
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