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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 ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

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

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

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

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

This document was prepared by Technical Committee ISO/TC 60, Gears, Subcommittee SC 1,
Nomenclature and wormgearing.

This first edition of ISO 10825-1, together with ISO/TR 10825-2, cancels and replaces ISO 10825:1995,
which has been technically revised.

The main changes are as follows:

— the document has been split into two parts: ISO 10825-1 and ISO/TR 10825-2 that gives additional
information on failure modes;

— some additional modes of failures are described;
— most figures have been replaced and are in colour.
Alist of all parts in the ISO 10825 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides a common language to describe gear wear and failure and serves as
guidelines 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 this document to identify a single cause for each type of
wear or failure, nor to prescribe remedies.
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INTERNATIONAL STANDARD ISO 10825-1:2022(E)

Gears — Wear and damage to gear teeth —

Part 1:
Nomenclature and characteristics

IMPORTANT — The electronic file of this document contains colours which are considered to be
useful for the correct understanding of the document. Users should therefore consider printing
this document using a colour printer.

1 Scope

This document 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, in many cases,
enables the user to identify failure modes and evaluate the degree or change from original condition.

This document is based on experience with steel gears; however, many of the failure modes discussed
apply to gears made from other materials. Not all failure modes that can occur on other types of gears,
such as plastic, bronze, or powder metal gears, are included.

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

This document specifies only the terminology intended to help with the identification 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.

In this document, gear refers to both gear wheels and pinions, unless the gear is specifically identified.

This document does not define “gear failure”.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 1122-1, Vocabulary of gear terms — Part 1: Definitions related to geometry

3 Terms and definitions
For the purposes of this document, the terms and definitions given in ISO 1122-1 apply.
[SO and IEC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/
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4 Classes and modes of failure

This document 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, mirrorlike appearance can think that the gears have “run-in”
properly. However, another observer can think that the gears have failed by polishing wear. Whether the gears
are considered failed or not depends on how much change from original condition is tolerable.

Changes made to reduce the risk of one failure mode can 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 evaluated after implementation. See ISO/TR 10825-21
for additional discussion on the potential causes of the different failure modes and some suggestions to
minimize the risk of them occurring.

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 cls;llle:e
Tribological d (non-fatigue)
Polishing (unintentional) Burnishing 52
Scratches 53
Abrasive wear Cutting, Scoring? 5.4
Scuffing Scoring?, Welding, Microwelding, Galling, Seizing 5.5
Adhesive wear Normal, Running-in wear, Tearing, Plucking, Microwelding|5.6
Fretting corrosion 5.7
Interference wear 5.8
Fatigue damage
Micropitting Frosting, Gray staining, Peeling 6.2.2
Macropitting Contact fatigue, Destructive, Arrowhead 6.2.3
Case crushing (subcase fatigue) Internal rupture 6.2.4
White layer flaking 6.2.5
Tooth flank fracture (TFF) 6.2.6
Tooth interior fatigue fracture (TIFF) 6.2.7
Tooth root fatigue fracture 6.3.1
Rim, web, and hub cracks 6.3.2
Non-fatigue fracture
Tooth root rupture Fast fracture 7.2
Tooth end rupture 7.3
Tooth shear fracture 74
Plasti formation
Indentation Bruising, Peening 8.2
Brinelling Denting 8.3
a2 The use of the term “scoring” is strongly discouraged because it can be applied to different types of wear. While it is
often considered as a form of adhesive wear, it is sometimes used for abrasive wear.

1) Under preparation. Stage at the time of publication: ISO/DTR 10825-2:2022. Docu ments
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Table 1 (continued)
General mode Non-preferred terminology Sub-
clause
Cold flow 8.4
Hot flow 8.5
Root fillet yielding 8.6
Fracture after plastic deformation 8.7
Rolling 8.8
Tooth hammer 89
Rippling Fish scaling, Scalloping 8.10
Ridging 811
Burr A2
Interference deformation 8.13
M f .
Forging cracks 9.1
Hardening cracks Quenching cracks 9.2
Grinding cracks 9.
Hydrogen and internal residual stress 9.4
Grinding burn (temper due to grinding) 9.5
Grinding notch (not a failure mode) 9.6
Scaling 9.7
Case/core separation 9.8
Other surface damage
Corrosion 101
Cavitation 10.2
Erosion 10.3
Electrical discharge Arcing 10.4
Overheating 10.5
a2 The use of the term “scoring” is strongly discouraged because it can be applied to different types of wear. While it is
often considered as a form of adhesive wear, it is sometimes used for abrasive wear.
Table 2 — Additional terms
Additional terms Mentioned in subclause on: Subclause
Point-surface-origin Macropitting 6.2.3
Spall, Spalling Macropitting 6.2.3
Root fillet cracks Tooth root fatigue fracture 6.3.1
Non-fatigue overload Tooth root rupture 7.2
False brinelling Fretting corrosion 5.7
Gross plastic deformation Fracture after plastic deformation 71,8.7
Subsurface-initiated bending fatigue Tooth flank fracture 6.2.6
Documents

© IS0 2022 - All rights reserved

Full document details: ISO 10825-1-2022

Document Sharin%Hub


http://www.avadocuments.com/doc/iso-10825-1-2022
http://www.avadocuments.com/doc/iso-10825-1-2022

ISO 10825-1:2022(E)

5 Tribological damages (non-fatigue)

5.1 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 can 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.

Figure 1 — Moderate wear
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Figure 2 — Severe wear

5.2 Polishing wear

5.2.1 General

Polishing wear 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 can 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 can occur during the manufacturing process or during running-in.

5.2.2 Mild polishing wear

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

5.2.3 Moderate polishing wear

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

5.2.4 Severe polishing wear

Severe polishing wear removes all of the original machining marks from the active flank of the tooth.
The polished surface can be wavy and there can be wear steps at the ends of the active face and in the
dedendum. See Figures 3 and 4.
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Figure 3 — Severe polishing on both flanks

Figure 4 — Severe polishing on a misaligned gear

5.3 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.

Scratches can also occur during the manufacturing or assembly process; and such scratches can be in
any direction.
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Figure 5 — Scratches in sliding direction

5.4 Abrasive wear

5.4.1 General

Abrasive wear, also known as abrasion, is the removal or displacement of material due to the presence
of hard particles (for example, metallic debris, scale, rust, sand, or abrasive powder, suspended in the
lubricant or embedded in the flanks of the mating teeth).

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.
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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, scanning electron microscope (SEM) image

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 7 — Three body abrasive wear
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Figure 8 — Three body abrasive wear

5.4.2 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.

Figure 9 — Mild abrasive wear near the tip of a ground gear
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5.4.3 Moderate abrasive wear

Abrasive wear is classified as moderate if only a few remnants of the original machining marks are
visible on the tooth flank surface.

5.4.4 Severe abrasive wear

Severe abrasive wear removes all of the original machining marks from the active flank surface of the
tooth. There can be wear steps at the ends of the active face and at the lowest point of tooth contact. The
tooth thickness can be reduced significantly, and in some instances the tooth tip can be reduced to a
sharp edge. See Figures 10 and 11.
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Figure 11 — Severe abrasive wear

5.5 Scuffing

5.5.1 General

Scuffing is severe adhesion that causes transfer of metal from one tooth surface to another, or loss of
material, due to welding and tearing. The damage typically occurs away from the operating pitch line,
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in narrow or broad bands that are oriented in the direction of sliding. Scuffing can occur in localized
patches if it is due to load concentrations. The scuffed areas appear to have a rough or matte texture.
Under magnification, the scuffed surface appears rough, torn, and plastically deformed.

Scuffing can affect the material characteristics of the tooth flanks, including properties such as
hardness and grain structure. The residual stresses can be affected. Discoloration can also be observed.

Scuffing is not a fatigue phenomenon, it occurs suddenly.

Although the basic failure mechanism is the same (lubricant film breakdown, welding and metal pull-
off), it should be distinguished between what can be referred to as “hot” and “cold” scuffing.

All scuffing can also be categorized as mild, moderate, or severe based on the severity of damage.

5.5.2 Hot scuffing

In the case of hot scuffing, it is the combined action of high pressure between surfaces, high sliding
speeds, excessive contact temperature (resulting from pressure and sliding speed values), and
inadequate lubricant properties which cause oil film breakdown between the tooth flanks resulting
in metal-to-metal contact. Local welds and tearing alternately occur between the contact surfaces and
contribute to the quick pull-off of metallic particles from the tooth flanks, thus progressively modifying
the condition of their profile. See Figures 12 to 21.

The scuffing marks are generally more clearly pronounced near the tooth tip and near the tooth root
in the high sliding areas. The scuffing marks appear in the form of streaks or scratches with sharpened
bottoms and sides, often appearing as bands of variable depth and width oriented in the sliding
direction and can affect either isolated zones or the whole face width.

5.5.3 Cold scuffing

In this case, it concerns the joint action of high pressure between surfaces and low tangential velocity
resulting in low maximum sliding velocity (linear speed not higher than approximately 4 m/s), which
cause the breakdown of the lubricant film between the contact surfaces during meshing, causing a
metal-to-metal contact on the tooth flank. In general, this kind of scuffing begins with one or more
adhesions on a few tooth flanks and spreads gradually nearer and nearer until the whole circumference
of the gear is involved. The spreading speed of damage is a function of the type of lubricant used, the
finishing process, and the hardness of the gear material. See Figure 22.

Cold scuffing primarily occurs on gears with low surface hardness, e.g. through or non-hardened
gears that are running in the boundary lubrication regime or mixed regime condition according to the
STRIBECK curvel2].

5.5.4 Mild scuffing

Scuffing is classified as mild if it occurs only on small areas of the tooth flanks and is confined to the
peaks of the surface asperities. It is generally nonprogressive.

See Figure 12.
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Figure 12 — Mild hot scuffing

5.5.5 Moderate scuffing

Moderate scuffing occurs in patches that cover significant portions of the tooth flanks. If the operating
conditions do not change, moderate scuffing can be progressive. See Figures 13 to 17.
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Figure 13 — Moderate hot scuffing
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Figure 14 — Moderate hot scuffing

Figure 15 — Moderate hot scuffing
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NOTE SEM images showing rough, torn, and plastically deformed appearance.

Figure 16 — Hot scuffing damage
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NOTE SEM image showing crater formed when welded material was torn from surface.

Figure 17 — Hot scuffing damage

5.5.6 Severe scuffing

Severe scuffing occurs on significant portions of the gear tooth flank (e.g. the entire addendum,
the entire dedendum, or both). In some cases, the surface material can be plastically deformed and
displaced over the tip of the tooth or into the root of the tooth. Unless corrective measures are taken,
severe scuffing is usually progressive. See Figures 18 to 22.
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Figure 18 — Severe hot scuffing

Figure 19 — Severe hot scuffing
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Figure 20 — Severe hot scuffing (magnification of yellow marked tooth on Figure 19)

Figure 21 — Severe hot scuffing
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Figure 22 — Severe cold scuffing

5.6 Adhesive wear

5.6.1 General

Adhesive wear, also known simply as adhesion, involves the transfer of material from one tooth surface
to another by microwelding and tearing.

Adhesive wear can be categorized as mild or moderate. Severe adhesive wear can transition to scuffing,

which is discussed in 5.5.

5.6.2 Mild adhesive wear

Mild adhesive wear typically occurs during running-in and usually subsides after it has smoothed the
tooth flank surfaces by removing minor imperfections through localized wear. To the unaided eye,
the tooth surface appears undamaged and the original machining marks are visible. Microscopically,
smooth microplateaus can be seen between the machining furrows.

5.6.3 Moderate adhesive wear

Adhesive wear is classified as moderate if it removes some or all of the original machining marks from
the active surface of the tooth. With moderate adhesive wear, the pitch line sometimes becomes visible
on the tooth flank.

Adhesive wear can also be due to mild interference creating metal to metal contact. More serious
interference can cause plastic deformation. See 5.8.
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5.7 Fretting corrosion

Fretting corrosion (often referred to as just fretting) damages gear surfaces by forming shallow groves
along lines of contact. See Figure 23. The original machining marks within the grooves are worn away
by mild adhesive wear. Generally, the damage caused by fretting corrosion is negligible and the wear
rate is low. Fretting corrosion occurs on gear teeth when they are not rotating but oscillating through
extremely small angles. The wear debris, which comes from the gears themselves, is hard and abrasive,
and is in fact the same composition as jeweller's rouge, and polishing (fine scale abrasion) is frequently
found around the periphery of a fretting corrosion scar. Hematite discolours the lubricant surrounding
the contact and forms rouge-coloured paste. Usually, the wear scar is discoloured with black or reddish
films. When very localized, fretting corrosion is sometimes referred to as false brinelling or stand still
marks. False brinelling can also be the initial stage of fretting corrosion.

NOTE Brinelling (see 8.3) is a separate failure mode that is unrelated to false brinelling.
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Figure 23 — Fretting corrosion

5.8 Interference wear

Interference wear shows evidence of high-pressure contact between the affected surfaces. See
Figure 24. When the mating gears have similar hardness, similar distress is often seen on the mating
parts. Interference wear can usually be seen either on the tip of one gear and at or near the root of
the mate (tip to root interference), or on the corresponding flanks of the mating gears. It can result in
plastic deformation, adhesion, abrasion or macropitting. Sliding marks are usually visible. See also 8.13
on interference deformation.
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Figure 24 — Interference wear due to tip-to-root interference

6 Fatigue damage

6.1 Fatigue cracks

Fatigue cracks initiate and propagate under the influence of repeated cyclic or alternating stresses that
are below the yield strength (on a macroscopic level) of the material. These cracks can appear at or
below the surface on tooth flanks or in tooth root fillets. Non-fatigue-initiated cracks can sometimes
propagate slowly like a fatigue-initiated crack.

6.2 Contact fatigue

6.2.1 General

Contact fatigue can occur in the presence of repeated loaded rolling or mixed rolling and sliding contacts
and is characterized by surface or subsurface fatigue cracks. It results in the detachment of material
fragments from the gear tooth flank surface or it can result in a tooth fracture. The mechanism can
change from contact to bending fatigue as cracks progress.

6.2.2 Micropitting

Micropitting appears as a dull, matte, surface during unmagnified visual inspection of high surface
hardness gears such as surface or case-hardened gears. Under magnification, dense patches of
micropits or micro-cracks are visible. Micropitting cracks grow at a shallow angle to the surface,
against the direction of sliding force, forming micropits. The micropits are small relative to the size of
the contact zone, typically of the order of 10 pm to 20 um deep. The micropits can coalesce to produce
a continuous fractured surface, but can also arrest and not progress further during the life of the gear
set. See Figures 25 to 30. Figures 31 and 32 show how micropits can progress to macropits. Documents
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