DRAFT INTERNATIONAL STANDARD
ISO/DIS 10825-1

[SO/TC60/SC1 Secretariat: BSI
Voting begins on: Voting terminates on:
2021-01-21 2021-04-15

Gears — Wear and damage to gear teeth — Terminology

Engrenages — Usure et défauts des dentures — Terminologie

ICS: 21.200; 01.040.21

THIS DOCUMENT IS A DRAFT CIRCULATED
FOR COMMENT 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, (This document is circulated as received from the committee secretariat. )
TECHNOLOGICAL, ~ COMMERCIAL  AND

USER PURPOSES, DRAFT INTERNATIONAL
STANDARDS MAY ON OCCASION HAVE TO
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.

Reference number
ISO/DIS 10825-1:2021(E)

©1S0 2021




ISO/DIS 10825-1:2021(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2021

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

ISO copyright office

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

Published in Switzerland

ii © IS0 2021 - All rights reserved



ISO/DIS 10825-1:2021(E)

ISO DTS 10825-1 CD resolution

Contents
o =10 o S Vi
T 0o (8 ox 1 o] o AP vii
S Tol o] o= PP PP PPPPUPPPRP RN 1
P2 N0 00 0P AV =T = (=T (=T o =T PP 1
G T B 1= 10111 £ PPPPPPRR 1
3.1 D= {1 T (T L PRSPPI 1
3.2 Classes and Modes Of fAIlUIE..........oooiiiii e e e eee e 2
4 Tribological damages (NON-TAtIGUE) ..........eeiiiiiieiiiiee ettt 3
4.1 General iINfOrMation ON WA ..........iiiiiiee e e e e e e e e e e e e e e e e e e e e e e e s e e e s aaesanaas 3
42 0] ] oo PSP PPPRN 4
2 S | V1T I o To 1 71 o SRS PERN 5
4.2.2  MOderate POLISNING .....ccoiriiieiiiii ettt e e 5
4.2.3  SEVEIE POLISNING ...uuiiiitiiiiiiiiiiiiiieii et bbbt r e e et it e e et e e e e aaaaaa e e e e e e s e e e naaa e 5
43 ol = Lo = PP UUUR PPN 6
4.4 ADFASIVE WA ... iittieeee e e ettt e e e e e ettt e e e e st e e e e e s e s ta e eeae e e st ttaeeaeeesssbaeeeeesaansbaseeaeeaanstaaeeaeeessnrneeas 6
O =T = - | SRS PERRN 6
A V11 o B o] = TS 1Y IR = - PP PR 7
4.4.3  MOOErate ADraSIVE WEAK .......eeviiiiiiiiiiee ettt ettt e e et e et e aaeaaaaaaaeaaaesseessaanaaanes 8
A 4.4 SEVEIE @DIASIVE WEAN ....cciceevieieieeeicittitie e e istt et e e e s se b teeaeessaataeeeaeaesastareeaeessasssaeaaeesanssnneeeeaesnnses 8
4.5 S ToTU 1111 0o [T O PP PPPPPPP 9
N T €= s 1= - | SRS PPERRN 9
4.5.2  HOU SCUFTING ..ttt ettt e e h e ettt e st e e s e e e s bn e e s b e e e anreeennneeennes 9
T T o] [0 I o U] o PP PUPRP PPN 9
S |V V1T =T o101 o RSP ERRN 9
455 Moderate SCUFING 5. .. ot coms e ihe T oA Hrin T« Ho0 T8 7R 3008 75 T BT T Th F e aeeesnnnnnnnaaessnnnnnnneeesannns 10
45.6 Severe scuffing. . . L L 13
4.6 AdNESIVE WA ..o funrrberrennreesBeensesnsealesase @ abeesethsesssne i iennnnnnnnnnnsssnsssnnssseerrerreaeteaeeeeeeaeenaanns 16
4.6.1  General......ooooooeen e e R 16
4.6.2  Mild QUNESIVE WEAK .....ccceiiiiiiiiiei e e ittt ee e ettt e e e e sa bt eeesssataaeeaeeessstaaeeaeesansstbeeeeessnnseneeeesannns 16
4.6.3 Moderate adheSiVe WEAK ............ 5 S 82l e eeaurreeessesaateeeeeeessasteteeeeessasnrrreeeesaanreeeeeasaans 16
4.7 Fretting COMTOSION . «risreskeireby oxikesrivn by asermmdereabadasat s 2 udbby 9ot s 493 2ha bk Dymn s s densnnnnnnennsssnnnnnnennesnnnns 16
4.8 INEEITEIENCE WERAK .......eeeieieeiiide 5 om sbeknrmmgier o ie ek £3655M G d e e e s emnteeeeaeesannssseeaeesannnsaneaeesannnsnneeaesnanns 17
I = 11T [0 TR0 =T g Vo T OO 17
5.1 = 0 [0 =T o = Lo S PSPPSR 17
52 (070] ] =T i 7= 11 [0 [V L= PP P PP PP PP PPPPRPPPI 17
L R € 1= 1= = | PP PP RRP PSR 17
S [ o] (o] o111 oo PO TSRO PR PP PP UPRIN 17
LI S /=Tl £o] o1 11 T TSP PP PP R PP PP PR 22
5.2.4 Case crushing (SUBCASE fAtIQUE) .......ceeiiiiiiiiie ettt e e e ae e e e e e eneeees 27
5.2.5  WHItE layer faKiNg .....ccooreieiiieeeiie ettt 29
5.2.6  To0oth Flank Fracture (TFF) ........ccuieiii oottt e st e e e et e e e e e e sata e e e e e e ennrees 30
5.2.7 Tooth interior fatigue fraCture, TIFF ..........cccooiiiiiii e 33
5.3 27Tl gt I £= o UL PSP 34
5.3.1 ToOth root fatigue frACIUIE ... e e e e e e e e e e e nnnees 34
5.3.2 Rim, web, and Rub Cracks ... 37
LI N (o T o B = U [o [ TSI = T L0 OO SPP P 38
6.1 (1= =T = | SRR 38
L 200 0 R = 1 1[N = ! (1 = SRR U U U PR 39
LS I I 10 Tox 111 = U (1 SRS 40
6.1.3  SEMI-BIttE FraCtUre ......ooiiiiiiiii i e e e e e e e e e e e e e e e e e e s e e s s s e e s s e nnannes 40
6.2 TOOLN FOOL FUPTUIE ...eeeieee ittt ettt ettt e oo e ek bbb et e e e e skab bt e e e e s s anbe e e e e e e e annbeeeeaeeeannnnes 41
6.3 Lo =T oo I U o] (1] £ PP PPPPPRO 42
6.4 TOOt SNEAT TTACTUIE ...t e e e e e e et e e e e aaeaaaeaaaeeaaanas 43
A o = 13 1 oo 1= o g 0 = Vo T o S PEST 43
7.1 LT =T - 1 U RUURRR 43
7.2 1o [T o1 = o o PSSP 43
7.3 2] AT T=] 1T o T TP PTPPPOTPPPON 44
7.4 L0 (o 1 [0 SRS 44
©2020 — All rights reserved ii

© IS0 2021 - All rights reserved



ISO/DIS 10825-1:2021(E)

ISO DTS 10825-1 CD resolution

7.5 HOT FIOW ettt oottt e e e s st e e e e e e s b bbbt e e e e s sabbbe e e e e s ennbneeeaeeeann 44
7.6 ROOL FIllET YIEIAING ...ttt e e b e et e e e n e ennee 45
7.7 Fracture after plastic deformation ..o 45
7.8 L 00] [T oo T TSP PP PPP PP TPPPON 45
7.9 QLICe 1] 11 = Va1 4T U STR 46
A% L I = (] o] o] 1 o To [ OO PR P PP OPPPP 46
7200 I T o T [T T RS a7
0% 1 = | ¢ SRS 48
7.13  Interference defOrMation ...........oo i e e e e e e e e e e s e nnreeeeeas 49
8 MANUFACTUIING ISSUBS ...ceiiiie ettt ettt e et e s e e e st e e e r et e e s e e e e sanne e e eanes 50
8.1 o] (o [ TaTo ol = Yot = PSPPI 50
8.2 HArAENING CrACKS ...ttt sab e e e bt e e st e e e annn e e annee 50
83 GIINAING CrACKS ...ttt ittt ettt h e s bt e e sh e e sbb e e s be e e bb e e beeebeeeneas 51
8.4 Hydrogen and Internal Residual Stress Failures ............ooeiiiiiiiiiiiiicee e 52
8.5 Grinding burn (temper due t0 grinding) .......cccueeeiiiiieiiie et neee e 52
8.6 Grinding notch [Not a failure MOTE] .......o.uiiiiiie e 53
8.7 Yot 1] o o T PP U OP PP PPPPRRPPP 53
8.8 (08 TYCY oo fo BT T o F- = i (o] o I PSSRSO 54
O Other SUMACE JAMAJE ......cceiei it eei ittt e et e e et eaaeeaaeeeeaa e e et e e e s s aassaassaassaasbanabbaassenneeeeeeeees 54
9.1 (07011 (0170 FUUR PP T PP PPPRRPPP 54
9.2 (02 \V/ 1 r= i (o] o IO PO P PP PPPTP PP 55
9.3 T fo 1 o] o W T TP P PP P PP OTPPPON 56
9.4 ElECINC AISCRAIGE ... et e s 57
9.5 (O YT g T T 1] T ST PPTP PP 61
Tables
Table 1 — Nomenclature of gear failire modes 4 o . o e s 2
Table 2 — Additional tErMS ... fe it TeeeaBe s e b s e e Thee e e aneeeeeaaeesanenteeaaessannseneeeessansneeeeesaannnes 3
Table 3 — Non-fatigue fracture classifiCations . .. e e 38
Figures
Figure 1 — MOAerate WA/ «t.rwdewshe reb o ke srionderer s smdnmebadusat B 3ud by by 9 e P40 e bk Dy s oot e ennveeennneeeenineeens 4
FIQUIE 2 — SEVEIE WA .....eiiiuiiiieieieeeeatnde 5 by b s siar s 1o 3094500 e e nsnenesasneeesanteeesnneeesasreeesnnreeennnnneennneeens 4
Figure 3 — Severe polishing 0N both flanKS............oooo e 5
Figure 4 — Severe polishing on a MISAlIGNEA QEA..........ceeiiiiiiiiiiie e e e e e e e e e s snaaaees 5
Figure 5 — Scratches in Sliding dir€CHON. ........cooiiiiiiii e 6
Figure 6 — A scratch due to abrasive wear, SEM IMagE...........ccoiiiiiiiiiiiiiiiiiiiiiirrreeer et a e e e e e e e e e e e e e 6
Figure 7 — Three Dody @bhraSiVe WEAK ............iiiiiiiiiiiiii ittt e e nre e neneee s 7
Figure 8 — Three body abraSIiVe WEAK .......uuiiweiiiiiiiiiiiee et a e e e e e e e e e e e e e s e e s s e e s s aaas 7
Figure 9 — Mild abrasive wear near the tip of @ ground QEAI ............cccuiiiieee i 8
Figure 10 — Severe abrasive wear, full flank and enlarged VIEW ..o 8
FIQUIE 11 — SEVEIE @DIASIVE WEAK ....uuviiiiiiiiiiiiiiiiie et e e e et e e s e e e ettt s e e e e e ee et aaaeaaaaaaeeaaeeeaessaansanns 8
Figure 12 — Mild ROt SCUTTING ....ceoiuiiieiiiie et e e 10
Figure 13 — Moderate Not SCUING ...c.cvviiiii e e e et e e e e e s anrees 10
Figure 14 — Moderate hot SCUfING ... ..vvviieeii e e e e e e e st e e e e e s enneees 11
Figure 15 — Moderate hot SCUFING .........cooiiiiiiii e e 11
Figure 16 —HOt SCUfING AMAGE ......uuuiiiiiiiiiiiiiier e e et it e et e aaaaaaeaaaaeaenas 12
Figure 17 — HOt SCUfING daMAQE ........viiiiiee ittt e e e s e e e e s st e e e e e e s et aeeaeesanneees 13
Figure 18 — Severe ROt SCUMMING .......uuuiiiiiiiiiiieiiier e r e e e e e e e e e aaaeaaeeaaeeaaenas 13
Figure 19 — Severe hot SCUfING .......cviiiiie e e e e s et e e e e e e e st e e e e e e e snnneees 14
Figure 20 — Severe hot scuffing (Magnification of yellow marked tooth on Figure 19)...........cccccovvveernnnne. 14
Figure 21 — Severe ROt SCUFMING .......uuuiiiiiiiiiieiecee e e e e e e e e e aeaaaaaaaaaaaenas 15
Figure 22 — Severe COld SCUING ..ot e e e e e e e s et e e e e e e r e aeeaeessnneees 15
FIgUre 23 — Fretting COMOSION ....o.viie ittt ettt ettt ekt et et e e rab et e s abb e e e anr et e e an e e e s anneees 16
Figure 24 — Interference wear due to tip-to-root iNterfereNCe ..........oocciviiiee i 17
Figure 25 — Micropitting on misaligned carburized gear ...........ccovcvvi i 18
Figure 26 — Micropitting on induction hardened spur gear with crowned teeth ..., 18
Figure 27 — Micropitting on nitrided and ground SPUF QAN ..........cveeiiiiiriiree i iiieeee e e s esnter e e e e e e serreeeae e s eeneees 19
Figure 28 — Detail of tooth surface showing MICrOPIttiNgG ..........ccoviiiiiiiiiii e 19
©2020 — All rights reserved iii

© IS0 2021 - All rights reserved



ISO/DIS 10825-1:2021(E)

ISO DTS 10825-1 CD resolution

Figure 29 — Detail of tooth surface showing micropitting at 500X magnification ..........ccccccecvviiieiiennnnnnnnnn. 20
Figure 30 — Regularly distributed MICrOPIttING.......ccoiiiiiiiie e 20
Figure 31 — Schematic drawing of a macropit initiated by MiCropitting...........cccccvveeeiiiiiiee e, 21
Figure 32 — Progression of a macropit initiated by MiCropitting ..........ccceeveeeiieiiiiiee e 21
Figure 33 —MaCropitting GAMEBGE ........cuueiiiiiiieiiiie ettt e et e st e e e e s e e e aennees 22
Figure 34 — NONprogressive MacCrOPItliNG ........eeeeiieeiiiiiiiee e r e e e e e aaaaaaeeaeeaaaenas 23
Figure 35 — Progressive MaCTOPItHING ......ceeeiiieriiieeeiiiiieiee e s seieee e e e s s steeere e e s stataeeeeesssnntareeeeessssaeeeaeessnnssens 23
Figure 36 —Combined PittiNg N0 WA ...........cooiiiiiiiie ittt s 24
Figure 37 — Point-surface-origin pitting on through hardened gear ............ccccooviiieiiiiei i 24
Figure 38 — Point-surface-origin pitting on through hardened gear ............cccccoviie i 25
Figure 39 — Point-surface-origin pitting on through hardened gear ............cccocoviiiiei i, 25
Figure 40 — Point-surface-origin pitting along with MICrOPIttiNg .........cccvvivee i 26
Figure 41 — Point-surface-origin pitting along with mMicropitting ...........cccccoveiiiiniie e 26
Figure 42 — Point-surface-origin pitting on surface hardened gear..........cccccuviiiiiiiiiiiiiieiiee e 27
FIgUre 43 — SPAII PITHING ...eeeeiiiiieiiiie et s ettt e et e e st e s aen e e e aere e s nere e e s nrnee s 27
Figure 44 — Case crushing (SUDBCASE fatiQUE)........ccoiiuuiiiiie it e et a e e 28
Figure 45 — Case Crushing (SUDCASE fatiQUE) .........oiiuuiiiiiee it e e e e e e e s enneees 28
Figure 46 — Case Crushing (SUDCASE fatiQUE) .........cuueiiiiiiiiiiiee et 29
Figure 47 — WHhite 1ayer flaKINgG...........uuuuuiiiiiiiieries et r e e e e e e e aaaaaaaaaaaaeaaenas 29
Figure 48 — Tooth flank fracture Crack Propagation .............cccueviiiiiiiiieieie e siiiie e e et e e e 30
Figure 49 — Tooth flank fracture on a helical gear (view on loaded gear flank) ..........cevevvviiiiiiiiiiiiiininnnnnn, 31
Figure 50 — Tooth flank fracture from an iNClUSION ON @ SPUF QBA .........ueveeeiiiiiiiiee e e eiiiree e e e eiieeer e e e e 31
Figure 51 — Tooth flank fracture 0N DEVEI JEAIS ..........ooiiiiii i e 32
Figure 52 — Fracture surface of loose fragment showing nonmetallic inClusioN ............cccccvvviiiiiiieninnnnnn, 32
Figure 53 — Tooth flank fracture initiated by case crushing, full tooth and enlarged view .......................... 33
Figure 54 — TIFF characteristic,crack-path on anyidIergQEar. . . s m s # w7 F s Ttk Feeerrreereeeseereneeeaeesennnenns 33
Figure 55 — TIFF failure an‘idler'gears.. L. ok i d o L e e, 34
Figure 56 — Bending Fatigue Crack ... e....coroifhune s iesies @B enrae S0t eineeessreeessineeesssneeessnneeesssnneessennees 34
Figure 57 — Tooth root fatigue fracture’ of two helicalteeth i e e 35
Figure 58 — Tooth root fatigue fracture 0N @ SPUF AT ......cciecuiiiiieeieiiiiieie e et e e s e e e e sreaae e e e e s nneees 35
Figure 59 — Tooth root fatigue fracture of two beyelpiniENteeth ..., 35
Figure 60 — Tooth root fatigue, fracture, of several teeth;that were loaded-on/both flanks .......................... 36
Figure 61 — Tooth end fatigue fracture overseveral teeth ... aoa. i e 36
Figure 62 — Tooth end fatigue fracture of a helical gear.............ccoovii i 36
1o T LI T TR T o - Lo G P ESR 37
Figure 64 — Rim cracks in through hardened annulus gear............cccovuviiiiiiii e 37
Figure 65 — Fracture surface of rim crack Shown in FIQUIE 64 ..........cccciiiiiiiiiiiiiiiiiieieiereer e a e e e 38
Figure 66 — SEM image of transgranular Brittle fraCture ............cocvveiiiiiiiiice e 39
Figure 67 — SEM image of intergranular brittle fracture ... 39
Figure 68 — SEM image Of dUCIE fraCtUIE..........oiiii i e 40
Figure 69 — SEM image of mixed MOde frACLUIE ............ccuviiiiiieiiiie e 40
Figure 70 — Tooth root rupture with brittle fracture characteristiCs ..........ccccciiiiiiiiiiiiiieee e, 41
Figure 71 — Tooth root rupture with brittle fracture characteristiCs .............ccoceviiii i, 41
Figure 72 — Tooth root rupture with ductile fracture characteristics.........cc.ccocviviveeiiiiiiiie e, 42
Figure 73 — Tooth root rupture with mixed mode fracture characteristics ..........ccccccvvvvivieee i, 42
Figure 74 — Tooth end rupture 0N 8 DEVEI GEAN ..........eeiiiiiiiiii e e s 42
Figure 75 — TOOth SNEAT FTACLUIE ........uuiiiiiiiiiiiiiiei e e e e et it e et e aeaaaaaaaeeaeenas 43
Figure 76 — SeVere iINAENTALIONS ..........uuiiii et e e e e e e e s st e e e e s s a e e e e e e e sstaaeeaeeesnneaes 43
FIQUIE 77 — HOt flOW ..t e e e e e e e e e e e e e e s s e e e e e bbbt e et e e bt e e e e e e e e eeeeaaeaaaeeaaeeeeanaeenas 44
FIGUIE 78 — HOL flOW ....eeieie ettt e e e e e e e et e e e e e s st e e e e e s ennbaeeeaeeasnstaeeeaeesannneees 44
Figure 79 — Fracture after plastic deformMation ..........c.cooiiiiiiiiiieic e s 45
Figure 80 — Plastic deformation DY FOIING .........veeiiiiiiiiiiec e e e e e e e e e e 45
Figure 81 — Plastic deformation by tooth hammer ............cooiiiiiii e 46
FIGUIE 82 — RIPPIING - reeeiiteie ettt et e s et e e bt e e st e e sa et e e abb e e e sr e e e e anre e e e nnnne s 46
1o T LIRS JC TR = T o] o] 1o PSR 47
FIGUIE 84 — RIPPIING - reeeiteie ettt ettt et e et e et e et e s sab et e s abb e e e nre e e nnre e e s nnnne s a7
Figure 85 — Hypoid gear with pronounced Ridging on the active flank ............cccocovviiiiiiiiii, 48
1o T ISR = U PSR 48
FIGUIE 87 — BUIT ittt ettt a bttt e et e e ekt e ek bt e e s bt e e sab e e e abe et e e ar e e e e nnre e e e nnnne s 49
©2020 — All rights reserved iv

© IS0 2021 - All rights reserved



ISO/DIS 10825-1:2021(E)

ISO DTS 10825-1 CD resolution

Figure 88 — Burr on gear before cleaning (oil present, piece of burr is still tenuously attached)................ 49
Figure 89 — Crack at @ forging AefECt.........coi i e e e s e e e e e enneees 50
Figure 90 — Hardening CraCKS .........ooiuiiiiiic ettt e e s s e e e e s et e e e e e e e e bt n e e e e e e e snneaes 50
Figure 91 — Hardening crack near center of tooth root in induction hardened gear .............cocccvveveeerrnnee. 51
Figure 92 — Grinding cracks With @ Crazed PAErN ..........ccco e 51
Figure 93 — Grinding burn visible after nital €1CH ... 52
Figure 94 — Macro-pitting as a result of grinding BUINS .........cuviiiii i 52
Figure 95 — Grinding burn with section through affected area.............cccevviiiiiii i 53
FIgure 96 — GriNAING NOTCR.......oiiiiiie ettt et e et e e ab bt e s e s anbe e e s annees 53
FIGUIE 97 — SCAIING ...eeeeiteii ettt et e e st e e st e s aen e e s aare e e e nnre e e s ennne s 53
Figure 98 — Case/COre SEPAIALION.........uuiieeiiiiiiieee e e s ettt e e e s et e e e e e st re e e e e e e s setabaeeeeessnsbaeeeaeeassteaeeaeesannseees 54
Figure 99 — Corrosion, after gear has been cleaned .............ccvviiiiiiiii e 54
Figure 100 — Cavitation ON @ PUIMPD GBAI.......c.iiiuriearreie ettt e e st e e st et e e airr e e s et e s ssre e e s asneeesssreeessnreeesannnees 55
[ 1o 0TI KOl R OF- Y/ - {0 PP PPPPRPRP PP 55
Figure 102 — Cavitation, enlarged view of damage shown in Figure 101...........ccccooviiiiiiiiiiniiiiieee e, 55
Figure 103 — SEM image - cavitation, enlarged view of damage shown in Figure 102.............ccccceceeeuneee. 56
Figure 104 — SEM image - cavitation, enlarged view of damage shown in Figure 103...........cccccceeerrnnneen. 56
Figure 105 — Erosion of a high-speed heliCal Qar ............coo i 57
Figure 106 — Random electric discharge damage ........ccoooeiieiiiiiiii e a e 57
Figure 107 — Electric discharge damage from continuous [OW CUITeNt..........cccvurreeeiiiiiiiie e 58
Figure 108 — Phase related electric discharge damage on a generator driVe .......ccccveeeeeeeiiieeiieeeeeeeeeneeenn 58
Figure 109 — Severe electric discharge damage due to an electric current of high intensity ..................... 58
Figure 110 — Electric discharge damage on a wind turbing Qear.........ccccovciiiiiiiii i 59
Figure 111 — SEM image - typical electric discharge Crater ..ot 60
Figure 112 — SEM image - remelted metal and gas pockets near edge of crater ...........cccccoevvvveeeeeenennen, 60
Figure 113 — SEM image:-electric diSEharge damage s s . . 5o 5 om0 7 Fr s Tt Feeeennrnreeeesesnenneeaeessnsnenns 60
Figure 114 — Overheating ... . L o L s L 61
©2020 — All rights reserved v

© IS0 2021 - All rights reserved



ISO/DIS 10825-1:2021(E)

ISO DTS 10825-1 CD resolution

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with 1SO, also take part in the work. 1ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International
Standards adopted by the technical committees are circulated to the member bodies for voting.
Publication as an International Standard requires approval by at least 75 % of the member bodies casting
a vote.

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.

ISO 10825 was prepared by Technical Committee ISO/TC 60, Gears.

This second edition cancels and replaces the first edition (ISO 10825:1995), which has been technically
revised. In particular, the following are the major changes:

— the designation of this document has been changed from ISO 10825 to ISO 10825-1 and additional
information on failure modes is given in technical report ISO TR 10825-2;

— some additional modes of failures are described

— most figures have been replaced; andiarein color:

The foreword, footnotes and annexes in this document are provided for informational purposes only and
are not to be construed as a part of |SQ 10825.
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Introduction

This standard provides a common language to describe gear wear and failure, and serves as a guide to
uniformity and consistency in the use of that language. It describes the appearance of gear tooth failure
modes. It is intended to improve communication between equipment users and gear manufacturers for
failure and wear analysis. Since there can be many different causes for each type of gear tooth wear or failure,
it is not possible in the standard to identify a single cause for each type of wear or failure, nor to prescribe
remedies.

©2020 — All rights reserved Vi
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Gears —Wear and damage to gear teeth -
PART 1 - Terminology

1 Scope

This International standard provides nomenclature for general modes of gear tooth wear and failure. It
classifies, identifies, and describes the most common types of failure and provides information that will, in
many cases, enable the user to identify failure modes and evaluate the degree or change from original
condition.

This International standard is based on experience with steel gears; however, many of the failure modes
discussed apply to gears made from other materials.

The solution to many gear problems requires detailed investigation and analysis by specialists and is
beyond the scope and intent of this standard.

This Standard specifies only the terminology that is intended to help the recognition and reporting of the
appearance and conditions of gears after a period of operation. Neither causes nor preventive measures
for any condition described are discussed.

This International standard does not define “gear failure”. One observer's “failure” is another observer's
“run-in”. There is no single definition of gear failure, since whether or not a gear has failed depends on the
specific application.

NOTE The term “gear failure” is subjective and a source of considerable disagreement. For example, a person
observing gear teeth that-have,a bright;-mirrarlike.appearance might.believe that,the gears have “run-in” properly.
However, another observer might believe that the gears have failed by\polishing wear. "Whether the gears should be
considered failed or not depends on how much change from original condition is tolerable.

Changes made to reduce the risk of ‘'one failure mode’cah sometimes. worsen or create other failure modes
or have other unintended consequences. Therefore, it is imperative that any remedy be evaluated prior to
implementation and thoroughly tested and levaluated®after implementation. See part 2 for additional
discussion on the potential causes-of-the/different failure/ /modesiandisome-suggestions to minimize the risk
of them occurring.

NOTE “gear” throughout this standard means gear wheel or pinion unless the gear is specifically identified.

2 Normative references

The following documents contain provisions which, through reference in this text, constitute provisions of
this standard. At the time of publication, the editions were valid. All publications are subject to revision, and
the users of this standard are encouraged to investigate the possibility of applying the most recent editions
of the publications listed:

ISO 701:1998 International gear notation — Symbols for geometrical data
SO 1122-1*rxrxx
ISO 14104, Gears - Surface temper etch inspection after grinding

3 Definitions

31 Definitions

The terms used in this standard, wherever applicable, conform to the definitions given in ISO 701 and ISO
1122-1.

NOTE Some of the symbols and terminology contained in this standard might differ from those used in other
documents and International Standards.
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3.2 Classes and modes of failure
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Table 1 groups the common modes of gear failure into six general classes. For each class, the preferred
terminology is listed, and older or other commonly used names are listed as non-preferred. Additional terms
which can help to clarify the general mode are listed in Table 2.

Table 1 — Nomenclature of gear failure modes

General mode Non-preferred terminology Clause
Tribological damage (non-fatigue)
Polishing (unintentional) Burnishing 4.2
Scratches 4.3
Abrasive wear Cutting, Scoring 4.4
Scuffing Scoring, Welding, Microwelding, Galling, Seizing 4.5
Adhesive wear Normal, running-in wear, Tearing, Plucking, 4.6
Microwelding
Fretting corrosion 4.7
Interference wear 4.8
Fatigue damage
Micropitting Frosting, Gray staining, Peeling 5.2.2
Macropitting Contact fatigue, Destructive, Arrowhead 5.2.3
Case crushing (subcase fatigue) Internal‘rupture 5.2.4
White layer flaking 525
Tooth flank fracture (TFF) (Subsurface 5.2.6
initiated fatigue)
Tooth interior fatigue fracture (TIFF) 5.2.7
Tooth root fatigue fracture 5.3.1
Rim, web, and hub cracks 5.3.2
Non-fatigue Fracture
Tooth root rupture Fast fracture 6.2
Tooth end rupture 6.3
Tooth shear fracture 6.4
Plastic deformation
Indentation Bruising, Peening 7.2
Brinelling Denting 7.3
Cold Flow 7.4
Hot Flow 7.5
Root fillet yielding 7.6
Fracture after plastic deformation 7.7
Rolling 7.8
Tooth hammer 7.9
Rippling Fish scaling, Scalloping 7.10
Ridging 7.11
Burr 7.12
Interference deformation 7.13
©ISO 2020 — All rights reserved 2
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General mode Non-preferred terminology Clause
Manufacturing issues
Forging cracks 8.1
Hardening cracks Quenching cracks 8.2
Grinding cracks 8.3
Hydrogen and Internal Residual Stress 8.4
Grinding burn (temper due to grinding) 8.5
Grinding notch [not a failure mode] 8.6
Scaling 8.7
Case/core separation 8.8
Other surface damage
Corrosion 9.1
Cavitation 9.2
Erosion 9.3
Electrical discharge Arcing 9.4
Overheating 9.5
Table.2l»Additional terms

Additional terms Mentioned. in:section on: Clause
Point-Surface-Origin Macropitting 5.2.3
Spall, Spalling Macropitting 5.2.3
Root fillet cracks Tooth.root fatiguesfracture 531
Non fatigue overload Tooth:rootrupture 6.2
False brinelling Fretting corrosion 4.7
Gross plastic deformation Fracture after plastic deformation 7.7
Tight mesh Interference wear, Interference deformation ?133

4 Tribological damages (non-fatigue)

4.1 General information on wear

Wear describes changes to a gear tooth flank surface involving the removal of material without any
evidence of fatigue cracks. It may be accompanied by some displacement of material. See ISO 1122-1 for

definition of flank.

Wear includes polishing, scratches, and abrasive wear. It can be categorized as mild, moderate or severe.

Figures 1 and 2 show moderate and severe wear. They are not intended to indicate the mode of wear.

©ISO 2020 — All rights reserved
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Figure 2 — Severe wear
4.2 Polishing

Polishing is a very slow wearing-in process in which the irregularities of the contacting surfaces are
gradually worn until mirror-like, smooth surfaces develop. The gear tooth flank might be smooth or wavy
with local bumps. Under sufficient magnification, the surface appears to be covered by fine scratches that
are oriented in the direction of sliding.

NOTE Intentional polishing may occur during the manufacturing process or during running in.
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4.2.1 Mild polishing

Polishing is classified as mild if it is confined to the peaks of the surface asperities. Mild polishing typically
occurs during running-in and ceases before the original machining marks are removed from the tooth
surface.

4.2.2 Moderate polishing

Polishing is classified as moderate if remnants of the original machining marks are visible on the tooth
surface.

4.2.3 Severe polishing

Severe polishing removes all of the original machining marks from the active flank of the tooth. The polished
surface might be wavy and there might be wear steps at the ends of the active face and in the dedendum.
If extreme, polishing can reduce tooth thickness to where the topland is a knife-edge. See Figures 3 and 4.

Figure 3 — Severe polishing on both flanks

Figure 4 — Severe polishing on a misaligned gear
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4.3 Scratches

Scratches are narrow and shallow grooves or furrows in the surface. They are usually oriented in the sliding
direction. This is a specific type of abrasive wear. See Figure 5.

Note: The term “scoring” that was incorrectly used in earlier gear nomenclature for scuffing, is in reality scratching
and is now classified as a form of abrasive wear.

Scratches can also occur during the manufacturing or assembly process, and such scratches can be in any
direction.

'/”_ . & J‘m o e
Figure 5 — Scratches in sliding direction.
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Abrasive wear, also known as abrasion, is the r I gi?placement of material due to the presence of
hard particles: for example, metallic debris, g qu or abrasive powder, suspended in the
30

lubricant or embedded it the flahks of the mating téeth. -1 | ©- (Db T-/022 Ao aaad:

) ab240de8Yaaaliso-dis-10825- 1 ) ] o o
Abrasive wear causes scratches or gouges on the tooth surface that are oriented in the direction of sliding.
Under magnification, the scratches appear as parallel furrows that are smooth and clean. See Figure 6.

Note: The diagonal line is a scratch, an abrasive wear furrow cut by a hard particle showing
smooth, clean appearance. The horizontal lines are the original grind marks.

Figure 6 — A scratch due to abrasive wear, SEM image
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Abrasive wear due to loose contaminants is called three-body abrasion. The three bodies are the two gear
elements and the loose contaminant. Three-body abrasive wear appears as small, usually square,
randomly distributed areas that are scuffed or scored. See Figures 7 and 8. Two-body abrasive wear occurs
when embedded particles or asperities on one gear tooth abrade the opposing tooth surface, leaving long
scratches that often form a repeating pattern.

Based on the severity, abrasive wear can be categorized as mild, moderate, or severe.

Figure 8 — Three body abrasive wear

4.4.2 Mild abrasive wear

Abrasive wear is classified as mild if it consists of fine scratches that are not so numerous or deep enough
to remove significant amounts of material from the tooth flank surface and some machining marks are
visible on the tooth surface. See Figure 9.
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