American ANSI/AGMA 6123-C16
@ Gear Manufacturers (Revision of ANSI/AGMA 6123-B06)
Association

NOTE: Please see last page for errata

American National Standard

Design Manual for
Enclosed Epicyclic
Gear Drives

ANSI/AGMA 6123-C16

This is a preview. Click here to purchase the full publication.



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

American
National
Standard

Design Manual for Enclosed Epicyclic Gear Drives
ANSI/AGMA 6123-C16
[Revision of ANSI/AGMA 6123-B06]

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 they have 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 6123-16, Design Manual for Enclosed Epicyclic Gear Drives,
published by the American Gear Manufacturers Association, 1001 N. Fairfax Street,
Suite 500, Alexandria, Virginia 22314, http://www.agma.org.]

Approved August 26, 2016

ABSTRACT

This is a design manual for drives employing epicyclic gear arrangements. It includes descriptions of
epicyclic drives, nomenclature, application information and design guidelines with reference to other

AGMA standards.
Published by

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

Copyright © 2016 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: 978-1-55589-059-9

©AGMA 2016 — A

This is a preview. Click here to purchase the full publication. i



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

Contents
o1 (o1 o] (o OO PTOP SRR vii
LS 1o ] o= PRSP PT R PSPPI 1
LIPS T I {0 1 = Lo ] = TP PO URPURRRPRPPRRR 1
NOIMALIVE FEFEIENCES ... ettt e b e s e e st e snn e e sne e e snreenneeeas 1
3 Symbols and terminNOIOQY .....ccoceeiiiieiiie e ree e 2
G T T 1770 1o T SRS 2
3.2 NOMENCIAIUIE ...t e e e b e e e s e e e b et e snr e e sb e e e snr e e eneeenes 2
O o] o] [[o= o] oI PSPPSR PTRRUPPPRRN 8
4.1 CuUSIOM deSIGNEA ArVES......cei ittt b et e s e sr e e sr e e e nnn e 8
4.1.1  Drive selection by 10ad SPECITUM .......c.eiiiiiiiiie e e 8
4.1.2  Determination of the equivalent torque, Teg ... ..o, 8
S R B |V F= 04T 0T ¢ I o T T £ RSOSSN 8
O R S 00T a0 o Yo A=Y o171 o SRR 9
R 07 - (oo I [ (V=T TSRO UPP PR 9
421 Unitrating definition ........ooo o 9
4.2.2 Selection Of SErviCe faClOrS.......coi i 9
4.3 SYSIEM AYNAMICS ....ueeiiiiietee ettt st e s b et st e e e bt e e sabe e sbe e e sneeeneeea 11
4.3.1 Vibration analysis, dynamiC 10ads..........cccueeiiiiiiiiiiie e 11
4.3.2  NaUral freQUENCIES ... ettt sb e e st e e e sbeeee e 11
4.3.3  System indUCEd fAIIUIE ........oeiiiieii e 11
4.3.4 Special system CONSIAErations ..........cccueieiiiiiieiiiiie e e e esreeea e 11
G T o= o =] o P-4 T T PSS 12
4.3.6  TOIQUE VAITALION ...cotiieitiieietie ettt et e bt e sab e st e e nae e e sbe e e saneesaneas 12
4.4 EPICYCHIC SYSIEM NOISE ....eiitieiiiie ittt ettt s e bt sab e e bt e e s ne e e sbe e e saneesneeea 12
4.41  ENQagement iIMPUISE ......cooi ittt snee e 12
4.4.2  PitCh CIrCle IMPUISE ...t 12
4.5  Special CONSIABIALIONS ....cccueiiiiiie ettt b e s e b e e s e e e sbee e saneeeneeea 12
SIS T o T=T=To [ eTo T g 3T [T = L 4o g 1= SO PRR 13
4.6.1  PIChING VEIOCILY ...eeeeiiiiiie et ee e 13
4.6.2  ROtational SPEEA.......ooiiiiiiiii e 14
4.6.3  Thermal ffECTS ..o e e e 14
5 Epicyclic gearing arrangemENES ..........ooiuiiiiiiiiiee ettt enee e 14
LG T (=Y o I Y =T g =Y o S 15
ST Y o 1= T TSP 15
5.2.1  SIMPIE EPICYCHC ..ottt e 15
2 070 4o o To 10 s o =T o103 /o] e 15
L2 B 070 10 o] (=T =T o103 /o] o SR 15
5.2.4  Differential @PICYCIC ......eiiiiiiiii e e 15
5.3 EPICYCHIC SPEEA FaLIOS .. ciiiiieiiie ittt e 17
5.3.1 Rotation and ratio determination.............cooo i 19
5.4 RelatiVe SPEEAS ... oot e 21
6 Meshing and assembly reqQUIFEMENTS .......ooi et e e e e e e ee e e e e e e e e 23
L Bt T=1= T o o YRR 23
6.1.1  NUMDEr Of PIANELS ...ooeiiiieee e e 23
6.1.2  NON-TACIOMZING .. .eeiiiie e e 26
B.1.3  HUNEING ..t e s e e r e e e snee e e 26
2R 0Ty o] oo U g To =] o} 103 o] oSSR 27
L2 B o |11 =1 o) S 27
L © [T o= o TP 27
6.2.3  EXIra SUN @nd MNQ QEaIS......uuiii ittt e s e e 29

©AGMA 2016 — Al This is a preview. Click here to purchase the full publication. i



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

6.3 Theoretical effects of non-factorizing and huNtiNg .........coooeiiiiiiiie e 29
6.3.1  Effect of a factorizing tooth combination............cccvviiiiiin e 29

6.3.2 Effect of an odd number of teeth on the planet gears ..., 30

6.3.3  Effect of non-factorizing tooth combination ..o 30

6.3.4  EXAMPIE AV . e e 31
6.3.5  Partial faClOriZING ....ccooiiieei e 31
6.3.6  Hunting gear tooth combiNatioNS .........cooiiiiiiii i 31

A e Lo 1 g oT=To] o 4= 1 PP TP OPPPP 32
7.1 ASSEIMDIY . e r e ne e 32
A 111 =] g (=T (=T o (o= T TP T PSR PP PPN 32
7.3 Profile Shift........c.ooooi 32
7.4 Gear tooth MOIfICAtION .......cooiiiiei e 32
7.5  Meshing CharaCteriStiCS. ... ..ueii i ee e 32
7.8 BACKIASK ... e e 33
7.7 PreSSUIe @ngle .........ccooiiiiiiiiiiiiiiiiee s 33
4R T C 1= T= o T=To 041 1SS 33
7.9  Planet gear rim thiCKNESS .......uii e 33
7.10 Internal gear rim thiCKNESS ...t 33
S @1 o U= g T T 01T PSPPI 33
S B o T T TP P SR PRPRPN 35
I I (o= = ET=To l =T o X= Lo PP PUPPRRPPPRR 35
S B o - Lo [ o = 1410 To [P PRSP PPTOUPRUPROPRR 36
9.1 FIOALNG . ...t 37
S Mo T- Lo [ - 1 (TSP PTRPRPTON 38
O 0701 49T o o] 01101 £ PP PTPRPN 38
O B C ot T = g To N o] oot =Te U] - SR 38
10.1.17 MESh 10Ad SNAIE ...ccueeiiiee e e 38

000 T2 -\ (] T S 39
L2 = T T T TSRS 441
K2 B T T o I Y o 1= S S SR 441

L K22 0o E1 o [=Te= 11 [o] £ TSRS 441

L K02 T U o (o T g T PSR 441

L L0 o - T - TP 41
T0.2.5  SPEEAS ...ttt ettt b e e n e b nee e 42
10.2.6 BAriNG CAPACIY ...uveeeiiiiiiie ettt s e e e e as 42
10.3 Design for frettiNg WEAN .....coo e e e 42
LR ST o] g TN oo 101 o] 11 g Vo TSP UPP 42
10.4.7 APPHICALION Lo ae e 42
LK g =T a o =T 4 g1 T o SRR 43
8O G B g T T= T o= o - o] S 43
10.4.4 Wear and fretting ......oooo e 44
10.4.5 Forces induced by misalignment ...........cooii i 45
10.4.6 Design of COUPlNG DOGIES........eeiiiiiiiie e 46
10.4.7 Lubrication Of SPINES .......oi i e 47
10.4.8 Torque lock and JamMMING .....ocueeeiiiiiiiie e e 48

10.5 Threaded fASIENEIS ...coo et e e e e e e e s ennee e e e ennes 48
10.5.1 Design CONSIAEIAtIONS ......eiiiiiiiiii e e e e e eas 48
10.5.2 Fastener PrelOad.......cooiiei e 48
10.5.3 Fastener allowable SIrESS ......ueiiiiieee e 50
10.5.4 Fastener 1eNSIle SIrESS......ooi i 50
10.5.5 Locking devices for faStENErS .......oueeii i s 51

©AGMA 2016 — Al This is a preview. Click here to purchase the full publication. ii



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

L ST 1) £ T TP PRSPPI 51
10.7 Plan@t CAITIET ....ccueiiiiicice s 51
10.7.1 Straddle type carrier with ring shaped planets ..........cccooiiiiiiiiii e 51
10.7.2 Straddle type carrier with shaft shaped planets.........c.ccoceviiiiiine 52
10.7.3 Cantilevered type carrier with ring shaped planets...........ccooceviiinieeie s 52
10.7.4 HeliX MOAIfICAtION......coiiiiii e 52
ORI o (o TUE=] o o T S TP PP PP PPP 52
O I o =T 1= o] [T TSP TR PRPP 53
T 0. TOMOUNTINGS .ottt e e ettt e e bt e e e b bt e e s aas b et e e aanbe e e e enbe e e e e nbeeeeennes 53
10.10.1 PlANetary driVES .......cueiiiieeiiee ettt s esne e s snn e 53
LK OB - U [ 1Y PSR 54
T0.10.3 EXEEINAL....ceeieeiie ettt e e ab et e e e ne et e e s aann e e e e anne s 54
11 Thermal POWET FATING ... ceeeeiee ettt e e e s b e b e e sr e e s b e e e s an e e sne e e snreeenee e e 54
11.1 Thermal rating CrEEIIA .......coi e e e 55
11,2 MEENOA A — T ST s et e s bt e ene e sne e snneesaneas 55
11.3 Method B — CalCUIBLION ..ot e e 57
11.3.1 Thermal equilibrium eqUAaLIoN ........c.coiiiii e 57
11.3.2 Heat diSSIPAtiON ....ccocuiiiiei e 58
11.3.83 HeEat gENEIatioN ......eeiiiieiie e 59
11.4 Corrections for NoN-standard CrtEria .........coiieiirieeiee e 70
11.4.1 Ol SUMP tEMPEIATUIE, By ..o oveeveiuiieeieieeieesteeee s st ee e e e s e sre e 70
11.4.2 Ambient air teMPEerature, Bar.....ccooiiiiiiiiiiiii e 70
11.4.3 Ambient air VEIOCIY, By ...veeioueeiiieiie e 71
L I N {1 (0o [T 2 PP RPPS P TS PP OPRTOPR 71
11.4.5  DULY CYCIE, B weeeueieitiie ittt ettt ettt b e st e e aar e e sar e e s be e e sne e e snneennee 71
L R T = o3 =T oo T PRSP PR PPPT 72
L= U o g To= 1 o] H TR PP TSOPPPRPTN 72
P2 T € 1Y o= - TR 72
12.2 LUBFICANT VISCOSITY ...eeeieiieiiie et e e e e e e e e 73
12.3 Lubrication MEthOOS .........oi i e b e s neas 73
PR TS T o =T T 01 o) o= 1o ) o SR 74
12.3.2 Pressure fed [UDFHCAtION ... s 74
12.4 Lubrication MaiNtENANCE .........eeiiiieee e e e e e e e e e 74
12.4.1  ClEANINESS ... ettt sttt e ettt e sttt e e s sttt e e s nbe e e e s aanbeeeeannneeas 74
12.4.2 Operating teMPErature...........ooiiii i 74
L2 I O o 1= ol oo TSRS 74

Annexes
Annex A (informative) Example of preliminary design procedure for a simple epicyclic gear set .............. 76
Annex B (informative) Special considerations in design of epicyclic gearboxes ........cccoevverviriicienceennen. 81
Annex C (informative) Calculated example of two stage wind turbine speed increaser............cccevueenen. 84
Annex D (informative) Calculated example of catalog epicyclic speed reducer ...........ccoccveveerieeeniieennen. 92
Annex E (informative) Example of compound planetary drive ..........ccocoeveiieenieiieee e 98
Annex F (informative) Compound planetary timing .........cccooeeeiiiiiiiiie e e 100
Annex G (informative) Example of thermal rating calculations ..o, 105
Annex H (informative) Design considerations for high speed epicyclic drives ..o 111
Annex | (informative) Calculation of load sharing for both floating and fixed epicyclic stages ................. 113
ANNEX J BiDHOGIrapRY oot n e neee s 126

©AGMA 2016 — Al This is a preview. Click here to purchase the full publication. iv



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

Tables

Table 1 — SYmMDOIS @nd tEIMS .....coiiieie et e s r e e snee e 2
TabIE 2 — SPEEA FALIOS ...ttt b et n e e n e nr e nareas 17
Table 3 — Epicyclic gear train meshing reqUIreMENES .........ooo i e e e 24
Table 4 — Guideline for maximum ratio for simple star and planetary epicyclics with different numbers

o) o] = 0= - T PP TP OPPPP 25
Table 5 — Epicyclic gear factorizing and non-factorizing.........oooeeeiieiie i 26
Table 6 — HUNtiNg t00th CAtEQONIES .....eeiiiiiiii et e e snreee e 26
Table 7 — Mesh load factor for the heaviest loaded planet...........ooo e 36
Table 8 — Fastener preload tensile stress (Metric fasteners).........ooociviiiie e 48
Table 9 — Fastener preload tensile stress (iNCh faSteNers) .......c.oeii i 49
Table 10 — Joint SHffNESS fACION ..o e s 50
Table 11 — Bearing dip factor (oil bath lubrication), fo ........coceerii i 61
Table 12 — Factors for CalCUIAtING M....coo i e aee e e 64
Table 13 — Exponents for calculation Of M1 .......oooi oo e e e 65
Table 14 — Factor f2 for cylindrical roller BEANNGS.........uveiiieeeieiee e e e e e 65
Table 15 — Maximum allowable oil sump temperature Modifier, BST ......ccccceeiieiiiiiiiiie e 71
Table 16 — Ambient air temperature MOIfIEr, BAT .......uiicveiiiiieiiie e 71
Table 17 — Ambient air velocity MOGIfIEr, B ......cocueiiiiieiiieiiee e 71
Table 18 — AIITUAE MOGIfIEr, BA...ciiieiiiiieitii ettt b e st be e e nr e e s be e e saneesnreas 72
Table 19 — Operation tiMe MOGIfIEr, BD.....c.ueiiiiiiiee ettt et e e e st e e s stee e e e sbeeeessseeeeesaseeeeeans 72
Table A.1 — Indexes of tooth loading for preliminary design calculations™............ccccooiiieiiiieir e 77
Table C.1 — BaSIC gOAN Aalal........eeiii ettt et e e sb e e e sbe e e e snbeee e snreeeeaas 84
LI o) (S O I Y- Lo [T o= o (1 o PR OTURPTPRRIN 85
Table D.1 — Initial basiC gear data ........coo i 92
Table D.2 — Evaluation of face load distribution factor, Kug, with curved teeth, bending deflection

and misalignment at 100% 10ad, 8673 N ......cooiiiiiiiiiii e e e e e e e e e e e s nnneeeeeeeeeeanns 94
Table D.3 — Evaluation of face load distribution factor, Kug, with curved teeth, bending deflection

and misalignment at 200% 10ad, 13 350 N ....cooiiiiiiiiiiiee e e e e e e e e e e e e nnneeeeeeeeeenns 95
Table D.4 — Summary of rating CalCulations ...........oo i 96
Table G.1 — Input data for thermal CalCUIAtIoNS ...........ooiiiiiiiii e 106
Table G.2 — Operating CONAILIONS .......eeiiiiiiiii ettt e s e e st e e e rane e e e s anere e e e anneeas 106
Table G.3 — Heat generation CalCUlatioN..............coii it e e e neeeas 107
Table G.4 — Heat dissipation CalCulation..............ceiiiiiiii e e 109
Table G.5 — Thermal equilibrium and effiCIENCY........c.oi i 109
Table G.6 — REfErenCe QUALIONS ......c...ei ittt rae e e sbe e e sae e 110
Table 1.1 — Required radial clearance of floating member and N’ for floating stages ........ccccovvieeennnneen. 115
Table 1.2 — Critical ValIUE Of Xe ..uuueiiiiiiiii et e et e st e s neeeas 115
Table 1.3 — EQUIVAIENT BITOIS ...ttt ettt e e e e e e eas 116
Table 1.4 — EXamMPIE SUMIMAIY .....oiiiiiieie ittt e s e e e e s e e e e e e e e naneeas 118

©AGMA 2016 — Al This is a preview. Click here to purchase the full publication. v



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

Figures

Figure 1 — Pitch circle and engagement iMpPUISE ..........cooiiiiiiieiiiie e 13
Figure 2 — SIMPIE EPICYCIIC ....eeeiieieiie et e e ane e e sr e e nneeeanee 16
o ORI 7o) a0 oTo U g o I =T o] (o o o SRR 16
o U R B O 10 o] =To I o] F= T g 1= - SRR 16
Figure 5 — SuN iNPUL/CArti&r OULPUL ....cooeeie ittt et e e et e e st e e e ae e e smneeeenneeenee 20
Figure 6 — RiNg iNPUL/CAITIEr OULPUL .......eeiiiiiiii ettt e e e ennee s 20
Figure 7 — CombiNation INPUL.......cieie ettt e et b e e sae e e s aee e e eneeeeneeesneeeanee 21
Figure 8 — Coupled PIANEIAIY ........oo ittt et e et e bt e e ae e e sae e e e eneeeebeeeeneeeenee 22
Figure 9 — Compound-Coupled EPICYCIIC.......ccciuiiiiiie e 22
Figure 10 — Calculation of clearance between planet outside diameters .........ccccovcevirieenee i 25
Figure 11 — Epicyclic system with partially factorizing tooth numbers ...........coooii i 27
Figure 12 — TOOth MATKING «....eeiiiieee ettt e be e s b e e sar e e st e e e ane e e sabeeennneennee 28
Figure 13 — Compound epicyclic system with extra sun and riNg gears........cccoceerieeerieeriiee s 29
Figure 14 — ONe Planet @lONE .......coouiiiiiie et esabe e ane e e sbe e e snneeaaee 30
Figure 15 — Planet gears with odd numbers of teeth ... 30
Figure 16 — Non-factorizing three planet SYSTEM .......o.ueiiiiiiii s 31
Figure 17 — Circulating POWET €XAMIPIE ...ceueiiieiieie ettt ettt e aee e st seeeesee e e nneeeemeeeesneeeanee 34
Figure 18 — Simple planetary — POWET CAPACITY .....veeiruireiieeeiee e e eeee ettt e s e e e snee e e e e e sneee e 35
Figure 19 — Single artiCUIAtION .......c.c.ei ettt et e seee e e ee e e sneeeeneeesneeeanes 43
Figure 20 — DoubIe artiCUIALION .........oo it e e enne s 44
Figure 21 — Radial @and axial fOrCES ........uui it b e 46
Figure 22 — Fastener grip reQUIFEMENT .........oi ittt e rbe e sb e e nee e 50
Figure 23 — Typical example of a straddle type carrier for use with five ring shaped planets .................... 52
Figure 24 — Determination of thermal rating by teSt.......coouiiiii i 56
Figure 25 — Graphical representation of calculation of thermal rating ..........cccoooiiiiinni 58
Figure 26 — Tapered roller bearing l0ad @qUAatIONS .........cooiiiiiiiiiiii e 66
Figure 27 — Bearing power 10SS COEfICIENT, J......eiiiiiiiiieiiii e 67
Figure B.1 — Angular diSPIaCemMeENnt .........oo it e e s e e enneeas 81
Figure C.1 — 150 KW wind planetary AriVE ..........oooiiiiiie et e e snee e e e e enee e 84
Figure D.1 — ASSEMDBIY AraWINQ .. ..coeiiiiieie ettt e e st e e st e e e s abe e e e e annneeeeannneeas 92
Figure G.1 — Typical industrial 2-stage planetary drive ..o 105

©AGMA 2016 — Al This is a preview. Click here to purchase the full publication. vi



https://www.normsplash.com/AGMA/152923562/AGMA-6123?src=spdf

AMERICAN NATIONAL STANDARD ANSI/AGMA 6123-C16

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 6123-C16, Design Manual for Enclosed
Epicyclic Gear Drives.]

This standard presents design information and rating methods for epicyclic enclosed gear drives. This
standard supersedes ANSI/AGMA 6023-A88 and ANSI/AGMA 6123-A88.

The initial AGMA publication that addressed epicyclic gearing was a portion of AGMA 420.04, Practice for
Enclosed Speed Reducers or Increasers Using Spur, Helical, Herringbone and Spiral Bevel Gears. It was
published in 1975, but was subsequently superseded by ANSI/AGMA 6123-A88, Design Manual for
Enclosed Epicyclic Gear Drives, a much more comprehensive epicyclic gear document, published in
1988.

AGMA reactivated the Epicyclic Gear Committee to develop a revision to ANSI/AGMA 6123-A88 that
would incorporate additional guidelines, the latest gearing technology as applied to epicyclic gears, and
Sl units exclusively.

The purpose of this standard is to provide the user of enclosed epicyclic gear drives with a method of
specifying and comparing proposed designs to help predict the relative performance of different units.
This standard is intended to establish a common base for rating epicyclic gear units and to encourage the
maximum practical degree of uniformity and consistency between rating practices in the gear industry. It
emphasizes the complexity of epicyclic unit design, and the need to consider the entire system of
housings, bearings, gears and shafts in establishing the rating of a drive.

The formulas presented in this standard contain numerous terms whose individual values can vary
significantly depending on application, system effects, accuracy, and manufacturing methods. Proper
evaluation of these terms is essential for realistic rating. The knowledge and judgment required to
evaluate properly the various rating factors comes 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.

This revision was created to address load sharing between planets in more detail, provide additional
guidance for higher speed epicyclic units with the addition of Annex H, and add other clarifications where
needed. In regards to load sharing, an analytical method for the calculation of K, has been introduced in

Clause 9 with additional details and examples given in Annex |. Furthermore, Table 7 has been retained
from the previous revision except for the change of K, from 1.44 to 1.38 for Application Level 2-6 planets

and from 1.60 to 1.52 for Application Levels 1 and 2 with 8 planets. In addition, X for level 2-3 planets is
now 1.05 instead of 1.00.

The first draft of ANSI/AGMA 6123-C16 was created in January 2013. It was approved by the
membership in July 2016 and as an American National Standard on August 26, 2016.

Suggestions for improvement of this standard will be welcome. They may be submitted to
tech@agma.org.
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American National Standard—

Design Manual for Enclosed Epicyclic Gear Drives

1 Scope

This standard is applicable to enclosed epicyclic speed reducers and increasers which use spur and
helical gears. It applies to non-aircraft, industrial, vehicular, or machine tool gear units with carrier speeds
less than 1800 rpm and pinion absolute speed less than 4500 rpm.

1.1 Limitations

Rating methods and influences identified in this standard are applicable to enclosed drives of single and
multiple stage designs, with pitch line velocities not exceeding 35 m/s.

See Clause 4 for additional information, requirements, and limitations pertaining to the design of epicyclic
gear drives.

A more detailed engineering study should be undertaken if conditions or requirements extend beyond a
company’s traditional design and manufacturing expertise in areas such as:

- lighter weight;

- higher power;

- reduced space;

- lubricants other than specified by ANSI/AGMA 9005;

- lower speeds;

- higher torque;

- double helical gearing.

2 Normative references

The following standards contain provisions which, through reference in this text, constitute provisions
of this American National Standard. At the time of publication, the editions indicated were valid. All
standards are subject to revision, and parties to agreements based on this American National Standard
are encouraged to investigate the possibility of applying the most recent editions of the standards
indicated below.

AGMA 925-A03, Effect of Lubrication on Gear Surface Distress

AGMA 927-A01, Load Distribution Factors — Analytical Methods for Cylindrical Gears

ANSI/AGMA, 1012-G05, Gear Nomenclature, Definitions of Terms with Symbols

ANSI/AGMA 1SO 1328-1-B14, Cylindrical gears — ISO system of flank tolerance classification — Part 1:
Definitions and allowable values of deviations relevant to flanks of gear teeth

ANSI/AGMA 2101-D04, Fundamental Rating Factors and Calculation Methods for Involute Spur and
Helical Gear Teeth

ANSI/AGMA/AWEA 6006-A03, Standard for Design and Specification of Gearboxes for Wind Turbines
ANSI/AGMA 6001-EQ8, Design and Selection of Components for Enclosed Gear Drives

ANSI/AGMA 1SO 6336-6-A08, Calculation of load capacity of spur and helical gears — Part 6:
Calculation of service life under variable load

ANSI/AGMA 6113-B16, Standard for Industrial Enclosed Gear Drives (Metric Edition)
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ANSI/AGMA 9005-F16, Industrial Gear Lubrication

ISO 281:2007, Rolling Bearings — Dynamic Load Ratings and Rating Life

ISO 6336-1:2006, Calculation of load capacity of spur and helical gears — Part 1: Basic principles,
introduction and general influence factors

ISO 6336-2:2006, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface
durability (pitting)

ISO 6336-3:2006, Calculation of load capacity of spur and helical gears — Part 3: Calculation of tooth
bending strength

ISO 6336-5:2016, Calculation of load capacity of spur and helical gears — Part 5: Strength and quality of
materials

ISO 9085:2002, Calculation of load capacity of spur and helical gears — Application for industrial gears
ISO/TR 13593:1999, Enclosed drives for industrial applications

3 Symbols and terminology

3.1  Symbols
The symbols used in this standard are as shown in Table 1.

NOTE: The symbols and terms contained in this document may vary from those used in other AGMA and ISO
standards. Users of this standard should assure themselves that they are using these symbols and terms in the
manner indicated herein.

3.2 Nomenclature
The terms used, wherever applicable, conform to the following standards:
AGMA 904-C96, Metric Usage
ANSI/AGMA 1012-G05, Gear Nomenclature, Definitions of Terms with Symbols

Table 1 — Symbols and terms

Symbols Definition Units First used
Ac Carrier arrangement constant - Eq 73
Ag Surface area exposed to forced convection m?2 Eq 61
A Stress cross sectional area of fastener mm?2 Eq 52
At Total surface area exposed to ambient air m?2 Eq 59
A Bearing load exponent - Eq 78
aj 3 Bearing life calculation factors - 10.2.6.1
B, Altitude modifier - Eq 99
Bt Ambient air temperature modifier - Eq 99
Bp Operation time modifier - Eq 99
Byt Maximum allowable oil sump temperature modifier - Eq 99
By Ambient air velocity modifier - Eq 99
B Mean bearing diameter exponent - Eq 78
b' Effective spline length mm Eq 39
bye Engaged sun/planet face width mm Eq 87
by Engaged planet/ring face width mm Eq 94
byp Planet gear face width mm Eq 75
bws Sun pinion face width mm Eq 73
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