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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
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Introduction

This part of ISO 6336, together with 1ISO 6336-1, 1ISO 6336-2 and ISO 6336-3, provides the principles for a
coherent system of procedures for the calculation of the load capacity of cylindrical involute gears with
external or internal teeth. ISO 6336 is designed to facilitate the application of future knowledge and
developments, as well as the exchange of information gained from experience.

Allowable stress numbers, as covered by this part of ISO 6336, may vary widely. Such variation'i$ attributable
to dgfects and variations of chemical composition (charge), structure, the type and extent of*het working (e.g.
bar gtock, forging, reduction ratio), heat treatment, residual stress levels, etc.

Tabl¢s summarize the most important influencing variables and the requirementscfor' the differ¢gnt materials
and |quality grades. The effects of these influences on surface durability and.‘to6th bending strength are
illustrated by graphs.

This| part of 1SO 6336 covers the most widely used ferrous gear materials and related hept treatment
processes. Recommendations on the choice of specific materials, heat ffeatment processes or manufacturing
processes are not included. Furthermore, no comments are made-gboncerning the suitability or jotherwise of
any materials for specific manufacturing or heat treatment processes:

© 1SO 2003 — Al rights reserved \
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Iculation of load capacity of spur and helical gears —

Part 5:
Strength and quality of materials

1

This
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Scope

part of ISO 6336 describes contact and tooth-root stresses, and gives numerical values f
s numbers. It specifies requirements for material quality and heat treatment and comme

influgnces on both limit stress numbers.
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bs in accordance with this part of ISO 6336 are suitable for use with’ the calculation procedu
0 6336-2 and I1SO 6336-3 and in the application standards forindustrial, high speed and m

are applicable to the calculation procedures given in ISQ 10300 for rating the load capa
5. This part of 1ISO 6336 is applicable to all gearing, basie rack profiles, profile dimensions,
red by those standards. The results are in good agreement with other methods for the rangg
cope of ISO 6336-1.

Normative references

ences, only the edition cited applies? For undated references, the latest edition of theg
ment (including any amendments)\applies.

642:1999, Steel — Hardenability test by end quenching (Jominy test)
543:—1), Steel —{Mlicrographic determination of the ferritic or austenitic grain size

583-1:1987 Heat-treatable steels, alloy steels and free-cutting steels — Part 1: Dired
oyed and_ Jow alloyed wrought steel in form of different black products

5834911988, Heat-treatable steels, alloy steels and free-cutting steels — Part 9: Wrough
§

following referenced documents areindispensable for the application of this document.

or both limit
nts on their

res provided
arine gears.
city of bevel
design, etc.,
indicated in

For dated
referenced

63: 1998, Cylindrical gears forgeneral and heavy engineering — Standard basic rack tooth profile

t hardening

free-cutting

ISO 683-10:1987, Heat-treatable steels, alloy steels and free-cutting steels — Part 10: Wrought nitriding
steels

ISO 683-11:1987, Heat-treatable steels, alloy steels and free-cutting steels — Part 11: Wrought case-
hardening steels

ISO

1122-1:1998, Vocabulary of gear terms — Part 1: Definitions related to geometry

1) To be published. (Revision of ISO 643:1983)
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ISO 1328-1:1995, Cylindrical gears — ISO system of accuracy — Part 1: Definitions and allowable values of
deviations relevant to corresponding flanks of gear teeth

ISO 2639:2002, Steel — Determination and verification of the effective depth of carburized and hardened

cases

ISO 3754:1976, Steel — Determination of effective depth of hardening after flame or induction hardening

ISO 4948/2:1981, Steels — Classification — Part 2: Classification of unalloyed and alloy steels according to
classes and main property or application characteristics

main quality

standard dia ,

ISO 6336-1:
and general

ISO 6336-2:
durability (pi

ISO 6336-3:
strength

ISO 9443:19
rods — TechH

ISO 10474:1
ISO 14104:1
ASTM3) A38

ASTM E428
Inspection

ASTM A609
Examination

ASTM E144

3 Termg, definitions.and symbols

For the purp
given in ISO

| 2) Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introdu
influence factors

L—2) Calculation of load capacity of spur and helical gears — Part 2: Caleulation of su
tting)

—2), Calculation of load capacity of spur and helical gears — Part 3; ‘Calculation of tooth ber
91, Heat-treatable and alloy steels — Surface quality classes for hot-rolled round bars and|
nical delivery conditions

991, Steel and steel products — Inspection documents

995, Gears — Surface temper etch inspection after'grinding

3-01, Standard Practice for Ultrasonic Examination of Heavy Steel Forgings

00, Standard Practice for Fabrication-and Control of Steel Reference Blocks Used in Ultra
91, Standard Practice for Castings, Carbon, Low Alloy and Martensitic Stainless Steel, Ultra
Thereof

1-01, Standard Practice.for/Magnetic Particle Examination

oses of this'document, the terms and definitions given in ISO 1122-1 and the symbols and
6336-1-apply.
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rface

nding

wire

sonic

sonic

units

4 Methods for the determination of allowable stress numbers

4.1 Gene

ral

Allowable stress numbers should be determined for each material and material condition, preferably by means
of gear running tests. Test conditions and component dimensions should equate, as nearly as is practicable,
to the operating conditions and dimensions of the gears to be rated.

2) Under preparation. (Revisions of ISO 6336-1:1996, ISO 6336-2:1996 and ISO 6336-3:1996, respectively)

3) American

Society for Testing and Materials

© 1SO 2003 — Al rights reserved
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When evaluating test results or data derived from field service, it is always necessary to ascertain whether or
not specific influences on permissible stresses are already included with the evaluated data, e.g. in the case
of surface durability, the effects of lubricants, surface roughness and gear geometry; in the case of tooth
bending strength, the fillet radius, surface roughness and gear geometry. Where appropriate, 1,0 should be
substituted for the relevant influence factor when calculating the permissible stresses.

4.2 Method A

The allowable stress numbers for contact and bending are derived from endurance tests of gears having
dimensions closely similar to those of the gears to be rated, under test conditions which are closely similar to

the intended operating conditions.

4.3

The

gear|
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of class will depend, as described in Clause 6, on the type of production@and quality control exerci

4.4

Alloy
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evalliating test data, it should be understood that test-pieces are usually subjected to pure, alterng

streq
and
from

4.5

Allov
for ¢
necs

influgnced by the extremeyunreliability of these factors. Data on the various materials can be o

know

5

5.1

Method B

allowable stress numbers for contact and bending were derived from endurance tests of re
5 under reference test conditions. Tooth-root allowable stress numbers were also derived f
. Practical experience should be taken into account. The standard allowable‘stress numbers
nd 5.3 are based on such tests and experience.

e different classes, ME, MQ and ML, are given for the allowable stress:numbers. The appro

Method B,
able stress numbers for bending are derived from the results of testing notched test pieces
atio of the test piece notch radius to thickness should‘be similar to that of the fillet radius to t
] in the critical section and the surface condition.-should be similar to that of the tooth
s, whereas in the case of a gear tooth the fillets of the teeth are subjected to combined be

compressive stresses. Data on the variousimaterials can be obtained from in-house testing, €
the literature.

Method Bp

able stress numbers for bending are derived from the results of testing un-notched test pie
omments on evaluation 6f jtest results. In order to take into account the effect of notch se
ssary that actual notch, form and notch factors be included in calculations; thus their rej

n test facilities orffrom the literature (see Bibliography).

Standard allowable stress numbers — Method B

Application

ference test
rom pulsator
specified in

priate choice
ed.

. Preferably,
he tooth-root
root. When
ting bending
nding, shear
Xperience or

ces. See 4.4
nsitivity, it is
sults will be
ptained from

The allowable stress numbers shown in Figures 1 to 16 are based on the assumption that material
composition, heat treatment and inspection methods are appropriately chosen for the size of the gear.

If test values for specific materials are available they can be used in replacement of the values in Figures 1
to 16.

The data furnished in this part of ISO 6336 are well substantiated by tests and practical experience.

The values are chosen for 1 % probability of damage. Statistical analysis enables adjustment of these values
in order to correspond to other probabilities of damage.

© 1SO 2003 — Al rights reserved
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When other probabilities of damage (reliability) are desired, the values of o |, Ok |im» @nd opg are adjusted
by an appropriate “reliability factor”. When this adjustment is made, a subscript shall to be added to indicate
the relevant percentage (e.9. oy |im10 for 10 % probability of damage).

The allowable stress numbers indicated in Figures 9 and 10 were derived for effective case depths of about
0,15m,, to 0,2m,, on finish-machined gears.

The extent to which the level of surface hardness influences the strength of contour-hardened, nitrided, carbo-
nitrided and nitro-carburized gears, cannot be reliably specified. Other surface related factors of the material
and heat treatment have a much more pronounced influence.

In some ca f the

lines in Figufes 1 to 16.

For surface{hardened steels (Figures 9 to 16), the HV scale was chosen as the reference axis”The HRC
scale is inclyided for comparison. To define the relationship between Vickers and Rockwell hardness nunjbers
conversion thbles are included in Annex B.

5.2 Allowable stress number (contact), oy |im

The allowable stress number, o} ;,, is derived from a contact pressure that may.be sustained for a spegified
number of clycles without the occurrence of progressive pitting. For some méterials, 5 x 107 stress cycle$ are
considered tp be the beginning of the long-life strength range (see life factor in ISO 6336-2).

Values of oy |, indicated in Figures 1, 3, 5, 7, 9, 11, 13 and 15 are appropriate for the reference operpating
conditions apd dimensions of the reference test gears, as follows?):

— Centre dlistance a= 100 mm

— Helix angle p=0 (ZB =1)

— Module m=3 mmto5mm (Z, = 1)
— Mean pgak-to-valley roughness of the tooth-flanks Rz=3pum (Zg=1)

— Tangentfial velocity v=10m/s (Z,=1)

— Lubricant viscosity vso = 100 mm?2/s (z.=1)

— Mating ];ears of the same-material (Zy =1)

— Gearing accuracy grades 4 to 6 according to ISO 1328-1
— Facewidth b =10 mm to 20 mm

— Load in1|uence factors Kp =K, =Kpyg = Ko = 1

Test gears were deemed to have failed by pitting when the following conditions were met: when 2 % of the
total working flank area of through hardened gears, or when 0,5 % of the total working flank area of surface
hardened gears, or 4 % of the working flank area of a single tooth, is damaged by pitting. The percentages
refer to test evaluations; they are not intended as limits for product gears.

4) Data obtained under different conditions of testing were adjusted to be consistent with reference conditions. It is
important to note oy i, is not the contact pressure under continuous load, but rather the upper limit of the contact pressure
derived in accordance with I1ISO 6336-2, which can be sustained without progressive pitting damage, for a specified
number of load cycles.

4 © 1SO 2003 — Al rights reserved
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5.3 Bending stress number values for of |;,, and o

5.3.1 Nominal stress numbers (bending), o |,

The nominal stress number (bending), of iy, Was determined by testing reference test gears (see
ISO 6336-3). It is the bending stress limit value relevant to the influences of the material, the heat treatment
and the surface roughness of the test gear root fillets.

5.3.2 Allowable stress number (bending), o
The aftowable—stress—rumberfer-bending—orp{fordefinitionof orpsee+56-6336-3)—is—thebasic bending
strerjgth of the un-notched test piece, under the assumption that the material condition-{(ingluding heat
treatment) is fully elastic:

OFE =OFlim YsT (1)

For the reference test gear, the stress correction factor Yt =2,0. For most materials, 3 x 108 gtress cycles
are gonsidered to be the beginning of the long-life strength range (see life factor)in ISO 6336-3).

Values of o |, and og indicated in Figures 2, 4, 6, 8, 10, 12, 14 and~16 are appropriate for the reference
operpting conditions and dimensions of the reference test gears, as shown below (see 5.2, Footngte 3):

— Helix angle B=0 (YB =1)

— Module m=3mmto5mm(Yy=1)
— Ptress correction factor Ys7=2,0

— Notch parameter 4s1=25 (Y5, 7=1)

— Mean peak-to-valley roughness of the tooth fillets Rz=10um (Yg g 7= 1)

— [Gearing accuracy grades 4 to 7 according to ISO 1328-1
— Basic rack according to 1ISO 53

— Facewidth b =10 mm to 50 mm

— |oad factors Kp =K, =Kpg = Kg,, = 1

5.3.3 Reversedbending

The pllowable stress numbers indicated in Figures 2, 4, 6, 8, 10, 12, 14 and 16 are appropriate {or repeated,
unidirectional, tooth loading. When reversals of full load occur, a reduced value of org is required, In the most
severe-case (e.g. an idler gear where full load reversal occurs each load cycle), the values oy |, and ogg

should-be-reduced-to-0;-7times-the—unidirectional-value—Hthe-rumberofload—reversals-isdess—frequent than

this, a different factor, depending on the number of reversals expected during the gear lifetime, can be chosen.
For guidance on this, see 1ISO 6336-3: —2), Annex B.

5.4 Graphs for o |, and of |, and opg
Allowable stress numbers for hardness values which exceed the minimum and maximum hardness values in

Figures 1 to 16 are subject to agreement between manufacturer and purchaser on the basis of previous
experience.

© 1SO 2003 — Al rights reserved 5
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5.5 Calculation of oy, and of |,

The allowable stress numbers, oy |, and the nominal stress numbers, of |,,, can be calculated by the
following equation:

THIM | _ A x4B 2)
OFlim
where
X if the surface hardness HBW or HV;
A, B afe constants (See Table 1).
The hardnegds ranges are restricted by the minimum and maximum hardness values given in,Table 1.
Table 1 — Calculation of o}, ;,, and of i,
No Material Stress Type Abbre- | Fig. | Quality A B Hard- Min. Max.
viation ness | hardness | hardpess
1 Normalized | contact |wrought normalized St 1a) | ML/MQ | 1,000 4190 HBW 110 210
2 | lowcafbon low carbon steels ME | 15207 |"250 110 210
steelsfcast
3 steelk @ cast steels St 1b) | ML/MQ |, 0,986 | 131 HBW 140 210
4 (cast) ME 1,143 | 237 140 210
5 bending |wrought normalized St 2a) | MLIMQ | 0,455 69 HBW 110 210
6 low carbon steels ME 0,386 | 147 110 210
7 cast steels St 2b)\pML/MQ | 0,313 62 HBW 140 210
8 (cast) ME 0,254 137 140 210
9 Cast fron contact |black malleable GTS 3a) | ML/MQ | 1,371 143 HBW 135 250
10 | matefals cast iron (perly) ME 1,333 | 267 175 250
11 nodular cast iron GGG 3b) | ML/MQ | 1,434 | 211 HBW 175 370
12 ME 1,500 | 250 200 300
13 grey cast iron GG 3c¢) [ ML/MQ | 1,033 | 132 HBW 150 240
14 ME 1,465 122 175 275
15 bending |black malleable GTS 4a) | ML/MQ | 0,345 77 HBW 135 250
16 cast4ron (perl.) ME 0,403 | 128 175 250
17 nodular cast iron GGG 4b) | ML/MQ | 0,350 | 119 HBW 175 370
18 ME 0,380 134 200 300
19 grey cast iron GG 4c) | ML/MQ | 0,256 8 HBW 150 240
20 ME 0,200 | 53 175 275
21 Throdggh contact |carbon steels \% 5 ML 0,963 | 283 HV 135 210
22 | hardened MO 0,925 360 T35 val
wrought
23 steels P ME 0,838 | 432 135 210
24 alloy steels \Y 5 ML 1,313 | 188 HV 200 360
25 MQ 1,313 | 373 200 360
26 ME 2,213 | 260 200 390
27 bending | carbon steels \% 6 ML 0,250 | 108 HV 115 215
28 MQ 0,240 | 163 115 215
29 ME 0,283 | 202 115 215
30 alloy steels \Y 6 ML 0,423 | 104 HV 200 360
31 MQ 0,425 | 187 200 360
32 ME 0,358 | 231 200 390

6 © 1SO 2003 — Al rights reserved
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Table 1 (continued)

No. Material Stress Type Abbre- | Fig. | Quality A B Hard- Min. Max.
viation ness | hardness | hardness
33 Through contact | carbon steels \ 7 ML/MQ | 0,831 300 HV 130 215
34 hardset';ee‘ljscaSt (cast) ME | 0951 | 345 130 215
35 alloy steels Y 7 ML/MQ | 1,276 | 298 HV 200 360
36 (cast) ME 1,350 | 356 200 360
37 bending | carbon steels \ 8 ML/MQ | 0,224 117 HV 130 215
38 (cast) ME 0,286 | 167 130 215
39 atoy-steets 8 WHARE——0;364—T—+6 Hv 260 360
40 (cast) ME 0,356 | 186 200 360
41 Case contact Eh 9 ML 0,000 | 1300 | HV 600 800
42 || hardened MQ | 0,000 | 1500 660 800
wrought
43 steels © ME 0,000 | 1650 660 800
44 bending | core hardness: Eh 10 ML 0,000 312 HV 600 800
45 > 25 HRC, MQ 0,000 | 425 660 800
lower
46 > 25 HRC, 0,000, | 461 660 800
upper
47 > 30 HRC 0,000 | 500 660 800
48 ME 0,000 | 525 660 800
49 Flame or contact IF 11 ML 0,740 602 HV 485 615
50 induction MQ | 0541 | 882 500 615
hardened
51 || wrought and ME 0,505 | 1013 500 615
52 caststeels | pending IF 12 ML 0,305 | 76 HV 485 615
53 MQ 0,138 | 290 500 570
54 0,000 | 369 570 615
55 ME 0,271 | 237 500 615
56 Nitrided contact | nitriding NT 13 a) ML 0,000 | 1125 HV 650 900
57 wrought steels () (nitr.) MQ | 0,000 | 1250 650 900
steels/nitriding
58 steels 9 ME 0,000 | 1450 650 900
59 /through through NV 13 b) ML 0,000 | 788 HV 450 650
go || Nardening Refdening (nitr.) MQ | 0,000 | 998 450 650
steels steels (b)
61 nitrided ME 0,000 | 1217 450 650
62 befding | nitriding NT 14 a) ML 0,000 | 270 HV 650 900
63 steels (a) (nitr.) MQ | 0,000 | 420 650 900
64 ME 0,000 | 468 650 900
65 through NV 14 b) ML 0,000 | 258 HV 450 650
66 hardening (nitr.) MQ | 0,000 | 363 450 650
steels (b)
67 ME 0,000 | 432 450 650
68 wrought contact | through NV 15 ML 0,000 [ 650 HV 300 650
g | Steels nitro- hardening (nitro- MQ/ME | 1,167 | 425 300 450
carburized © steels
70 car.) 0,000 [ 950 450 650
7 bending | through NV 16 ML 0,000 | 224 HV 300 650
72 'S‘gggn'“g (nitro- MQ/ME | 0,653 | 94 300 450
73 car.) 0,000 | 388 450 650

@  In accordance with ISO 4948-2.

b In accordance with ISO 683-1.

¢ In accordance with ISO 683-11.

4 In accordance with ISO 683-10.

€ In accordance with ISO 683-1, ISO 683-10 or ISO 683-11.

© 1SO 2003 — Al rights reserved 7
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a) Wrought normalized low carbon steels b) Cast steels

Figure 1 +— Allowable stress numbers (contact) for wrought normalized low carbon steels and cast
steels (Attention is drawn-to-the quality requirements of 6.2)
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Surface hardness HBW Surface hardness HBW
a) Wrought normalized low carbon steels b) Cast steels

Figure 2 — Nominal and allowable stress numbers (bending) for wrought normalized low carbon
steels and cast steels (Attention is drawn to the quality requirements of 6.2)
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NOTE Brinell hardness HBW < 180 indicates the presence of a high proportion of ferrite in the structure. For gears,

this condition is not recommended.

Figure 3 — Cast iron materials — Allowable stress numbers (contact) for cast iron materials
(Attention is drawn to the quality requirements of 6.3 and Table 2)
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Figure 41 —Cast iron materials — Nominal and allowable stress numbers (bending) for cast iron
materials (Attention is drawn to the quality requirements of 6.3 and Table 2)
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first edition of ISO 6336-5 was replaced by 100 200 300 400
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Figure 5 — Allowable stress numbers (contact) for through hardened wrought steels
(Attention is drawn to the quality requirements of Table 3)
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Figure 6 — Nominal and allowable stress numbers (bending)for through hardened wrought ste¢ls
(Attention is drawn to the quality requirements of Table 3)
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Figure 7 — Allowable stress numbers (contact) for through hardened cast steels
(Attention is drawn to the quality requirements of Table 4)
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B — Nominal and allowable stress numbers (bending) for through hardened cast steels
(Attention is drawn to the quality requirements.of Table 4)

NOTE Adequate case depth required, see 5.6.1.
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Figure 9 — Allowable stress numbers (contact) for case hardened wrought steels
(Attention is drawn to the quality requirements of Table 5)
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a Core hardness > 30 HRC.

Surface hardness HRC

b Core hardness > 25 HRC Jominy hardenability at J = 12.mm > HRC 28.

¢ Core hardness > 25 HRC Jominy hardenability at J 12 mm < HRC 28.

NOTE 1
NOTE 2 See 6.6.

Adequate case depth required, see 5.6:2.
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Higure 10 — Nominal and allowable stress numbers (bending) for case hardened wroug
(Attention is drawn to the quality requirements of Table 5)

ht steels
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NOTE Afequate case depth required.

Figure 11|— Allowable stress numbers (contact) for flame or induction hardened wrought and cast
steels (Attention(is)drawn to the quality requirements of Table 6)
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Figure 12 — Nominal and allowable stress numbers{(bending) for flame or induction hgrdened
wrought and cast steels (Attention is drawncto the quality requirements of Table 6)
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NOTE Working trials for reliabilityof, process are recommended. Adequate case depth required, see 5.6.3.
Figure 13 — Allowable stréss numbers (contact) for nitrided wrought steels/nitriding steels/throygh
hardening steels nitrided (Attention is drawn to the quality requirements of Table 7)
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NOTE Working trials for reliability of process are recommended. For flank hardness HV1 > 750, the allowable stress
numbers can be reduced by embrittlement when the white layer thickness exceeds 10 um. Adequate case depth required,
see §4.6.3.
a) Nitriding steels: hardened, tempered and gas nitrided
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NOTE Working trials for reliability of process are recommended. Adequate case depth required, see 5.6.3.

b) Th

rough hardening steels: hardened, tempered and gas nitrided

Figure 14 — Nominal and allowable stress numbers (bending) for nitrided wrought steels/nitriding
steels/through hardening steels nitrided (Attention is drawn to the quality requirements of Table 7)
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NOTE Working trials for reliability of process are recommended. Adequate case depth required, see 5.6.3.
Figure 15 — Allowable stress numbers (contact) for wrought steels nitrocarburized
(Attention is drawn to the\guality requirements of Table 8)
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NOTE Working trials for reliability of process are recommended. Adequate case depth required, see 5.6.3.

Figure 16 — Nominal and allowable stress numbers (bending) for wrought steels nitrocarburized
(Attention is drawn to the quality requirements of Table 8)
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5.6 Case depth of surface hardened gears

5.6.1 General

Surface hardened gear teeth require adequate case depth to resist the stress condition in the loaded tooth.
Minimum and maximum values of case depth shall be shown on the drawing. When specifying minimum case
depth, note that the “optimum” values for bending and surface load capacity are not the same. A specified
maximum case thickness should not be exceeded, because to do so would increase risk of embrittlement of

the tooth tips.)

5.6.2—Case-depth-of carburized-and-hardened-gearstl

See p) to d).

a) Recommended values of case depth to avoid pittings (Ehz opt): Are shown.in.Figure 1. Eht opt is
the optimum effective case depth relating to permissible contact stress for longife at the refgrence circle
pfter tooth finishing:

g
—= 10
&
=
T 4
3 o
8 3 WA
: AN

2 \(\\\@‘L

% >>0k0)§§fH " 067
NO3-My + U,
/< /> "
1 Z
»/
A

0,5 J P

0L ) Ehty oo = 0,15-m,

0,3

0,2

0,1

1 2 3 4L 5678 10 20 40
Normal module, mn (mm)
Fi;uﬁ:mmmmtmmmwmmregwdwm capacity

and maximum case depth EAz. ., regarding bending and surface load capacity

max

b) Recommended values of case depth to avoid tooth breakage (Ehtg o) Ehtp o is the optimum
effective case depth relating to permissible bending stress for long life at the root fillet at mid face width
and on a normal to the 30° tangent (external gears), 60° tangent (internal gears) after tooth finishing:

Ehtgopt =0,1...0,2m,,

5) The data of 5.6 may not apply to bevel gears.

6) Definition of case depth according to Table 5, ltem 9.
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c)

d)

5.6.3 Casg depth of nitrided gears”)

See a) and by).

a)

Recommended values of case depth to avoid case-crushing (Eht;): Eht, is the minimum effective
case depth at the reference circle after tooth finishing based on the depth of maximum shear stress from
contact load.

NOTE Regarding case-crushing, at present there is no standardized calculation method available.

Eht _O'H'dw1'Sin(ZWt Z9
¢ UH'COSﬂb zZ4+2zo

with

Uy = 66 000 N/mm? for quality grades MQ/ME;
Uy = 44000 N/mm?2 for quality grades ML.

Recommended limits of minimum and maximum effective case depth: Eht ;q05% is the effgctive
case dgpth at the reference circle after tooth finishing (values also shown in Figureh7): Eht;, = 0,3 mm
and Eht}, .. < 0,4 - m, (< 6 mm).

~

Recommended values of effective nitride case depth (Ni7): See'in Figure 18.

£
::2
p
=
§'1
0,8
[O IR
8 0¢ 5
(0]
2 gi Tolerance 9%
E i
3 ><§>/,>
0,2 >’
0,1
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Module (mm)

Figure 18 — Recommended values of nitride case depth, Nh¢

7) Definition of nitride case depth according to Table 7, Item 7.

22

© 1SO 2003 — Al rights reserved


https://standardsiso.com/api/?name=61ad30ac50bf7ed0657190a156336d34

ISO 6336-5:2003(E)

b) Recommended values of nitride case depth to avoid case-crushing (Nht;): Nht; is the minimum total
case depth for nitrided gears, and is based on the depth of maximum shear stress from contact load. If
the value of Nht, is less than the value for nitride case depth Nat from Figure 18, then the minimum value
from Figure 18 should be used.

NOTE Regarding case-crushing, at present there is no standardized calculation method available.

_UC'O'H'dW1'SinaWt Z9

Nht, =
114-10° .cos B, Z1 7+ 722
ahora I 1o thao cora bhardnaocco o fficiant coan bDicnirea 10
vhere{—is-the-core-hardressceefficientseeFigure19
(8]
)
= 6
& Curve Uc=a+boy+tcol+doy
%_j 56| No. a b c o
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52H 2 - 5,542 507 1,425 472 - 1072 -8,658576-10° ( '2,080616-10°
(2]
@ 3 - 7,598 668 1,773 498 - 102 —1,104 475 - 10-24 2,577 360 - 107°
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Figure 19 — Core hardness coefficient for nitrided gearing, U,
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6 Requirements for material quality and heat treatment

6.1 Gene

ral aspects

The three material quality grades ML, MQ and ME, stand in relationship to Figures 1 to 16, which means that

they refer to

the allowable stress numbers determined using Method B8). See 4.2, 5.2 and 5.3.

gear manufacture.

MQ sta

ndeforraaniram

antc-that (VIP-AVI-VN 2 PN~ V-F_ mankfactirarce
Trar

ML stands for modest demands on the material quality and on the material heat treatment process during

NOTE T
Frequently,
capability.

Gear wheel§
should be st

The provisiq
guidelines. A
applied®). H
those listed

6.2 Norm
Since the cq
positioned a

secondary 4
levels of ME

6.3 Black
High quality
lightly loade
by experiend

6.4 Other

Material qual

ME repiesents requirements that must be realized when a high degree of operating reliability is(requi

D

o
IO oo Treqorerortotrat oot o roTroCtaTrcTro

his standard does not allow extrapolation of the allowable stress lines.

special quality material such as VIM/VAR is used to achieve high reliability or load-be
b which are manufactured by fabricating rims to centres using conventional welding proced
ress relieved following the fabrication process.

ns given in 6.2 to 6.4 have been confirmed by practical éxperience and may be use
\Il requirements for a material grade shall be met when the allowable stress numbers are

pwever, depending on their experience, manufacturers ‘miay adopt methods or values other
nere. The manufacturer and the customer should agreé’on the details, particularly for large ge

alized low carbon or cast steel, plain carbon, unalloyed steels (see Figures 1 an
mposition of these is not specified and the melting method is often unknown, the MQ line
t the lower limit (ML). Normalized low €arbon steels are used only for lightly loaded gears

pplications. If high quality of steel-production is achieved and when justified by experienc
may be used.

malleable cast iron (seeFigures 3 and 4)
can be achieved through controlled heat treatment. However, since it is ordinarily used for s

] gears, the MQ line.was positioned at the lower limit (ML) to be on the safe side. When jus
e the levels of ME-may be used.

materials‘(see Figures 5 to 16)

ity and heat treatment for other materials shall be in accordance with Tables 2 to 8.

aring

ures

d as
o0 be
than
ars.

was
and
b the

mall,
tified

8) The levels of the allowable stresses have been modified in respect of the through hardened wrought steels. The
material quality grade MX, which existed in the previous edition of this part of ISO 6336, was replaced by the ME line.

9) The material chosen is either that quoted in the relevant grade according to ISO 683-1, -9, -10 or -11 (recommended)
or an appropriate National Standard.
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Table 2 — Cast iron materials (grey and nodular — spheroidal — graphite cast iron)

Item Requirement Grey cast iron (see Figures 3 and 4) Nodular cast iron (see Figures 3 and 4)
ML MQ ME ML MQ ME

1 Chemical Not verified 100 % verified. Not verified 100 % verified.
analysis Foundry certificate Foundry certificate

2 Melting practice No specification Electric furnace or No specification Electric furnace or equivalent

equivalent

3 Mechanical Only HBW R Only HBW 05 (09,2) o S
properties
evaluation SPEcIiC test report Specific test repprt per

on a separate test ISO 10474-of physical testing

piece from the same on a representalive sample

cast which is|an integral part on
eachrtest piece,|heat treated
with' the parts begfore being
cut. Verification jof HBW on
gear teeth or as|near as
practicable.

4 Structure: Specified but not Limited Not verified Limited
graphite form verified
Basic structure No specification Maximum ferrite: 5 % No specification

(alloyed grey
cast iron,
maximum ferrite:
5 %)

5 Tests for inner Not tested Tested (pores, Not tested Tested (pores, gracks, blow-
separations cracks, blow-holes), holes), limited defects
(cracks). limited defects
Acceptability
agreed between
customer and
supplier.

6 Stress relief Not required Recommended: 2 h Not required Recommended:;2 h at

at 500 °C to 530 °C. 500 °C to 560 °C
Alloyed, grey cast
iron 2 h at 530 °C to
560 °C
7 Repair welding Not permitted near tooth region; Not permitted near tooth region, elsewhere, permissible
elsewhere, permissible only with approved only with approved processes
processes

8 Surface crack Not tested Dye penetrant test by | Not tested Cracks not pernpitted. 100 %
detection agreement between magnetic particlg, fluorescent

customer and magnetic particle penetrant

supplier or dye penetranf inspection.
Statistical sampling permitted
for large production lots.

© 1SO 2003 — Al rights reserved
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Table 3 — Through hardened wrought steels, not surface hardened (forged or rolled steels)

(see Figures 5 and 6)

Item Requirement ML MQ ME

1 Chemical Not verified Specific test report per ISO 10474 with 100 % traceability to the original cast.
analysis & P

2 Mechanical HBW Recommended: HBW and | o5 (0p 2) op s
properties after heat either mechanical tests or . ) )
treatment hardenability test. Specific test rgport per ISO 10474 of physical testing on

a representative sample from the same cast, heat
treated with the parts, for forgings or rolled bars larger
than 250 mm diameter and verification of surface
hardness (HBW) for all parts. Optional per cusigmer/
supplier agreement. Controlling section exampleq are
presented in Annex A.

3 Cleanpess in No The steel shall be deoxidized and refined in the ladle. Steel shall,"be vaquum
accordance with specification degassed. The steel shall be protected from reoxidation during, the teeming or
ISO 4967 casting. Adding calcium when melting the steel — maximum 15ppm (=15 pg/g) |— is

permissible for castability subject to agreement by the end*user. Oxygen coptent
25 ppm (= 25 pg/g) maximum. Cleanness in accordance with)ISO 4967, procedure in
accordance with Method B, Plate I, inspected area approximately 200 mm?2 andl the
following acceptance table. Other specifications, Cwhich ensure the equivalent
cleanliness are permitted. Test report in accordance with ISO 10474
A B C D
Fine Thick Fine Thick Fine Thick Fine Thick
MQ 3,0 3,0 2,5 1,5 2,5 1,5 2,0 5
ME 3,0 2,0 2,5 1,5 1,0 1,0 1,5 ,0

4 Grain kize in No Fine grain, predominantly 5 and(finer. Test report in accordance with ISO 10474
accordance with specification
ISO 643

5 Non dpstructive testing

5.1 Ultraspnic test (in No Checked after,, forging. Specific test report in accordance with SO 10474:
rough |machined specification recommended. Suggested for large diameter parts to detect flaws before| the
conditjon) expense of tooth cutting. Inspection per ASTM A388, using either the back refleftion

or reference block 8-0400, 3,2 mm flat bottom hole per ASTM E428 technjque.
Inspection’is from the outside diameter to the mid-radius and a 360° scan is required.
A distance amplitude correction curve (single point DAC) is not intended. Other UT
specifications which ensure the same quality level are permitted.

5.2 Surfade cracks Cracks are not permitted. Inspection by Cracks are not permitted. Ground gears shall be
detecfjon (in finished | ASTM E1444.including fluorescent, inspected for surface cracks. Inspection | by
conditjon, before any | magnetic particle or dye penetrant ASTM E1444, including fluorescent, magnetic pafticle
shot peening inspection. or dye penetrant inspection. Method to be agreed
treatment) between buyer and seller.

6 Area reduction ratio 4 4/No Atleast3: 1

specification
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Table 3 (continued)

Item Requirement ML MQ ME
7 Microstructure No No specification. Minimum temper temperature 480 °C. Root hardness
specification shall meet drawing requirements. Microstructure in

For material strengths
greater than 800 N/mm?2
(240 HBW ) the gear
should be quenched and
tempered.

gear rim predominantly tempered martensite. ©

To use the values in the tables a hardness difference of 40 HV minimum is recommended between the pinion and the wheel.

a

See Clause R’ footnote 8

b |CAUTION: For cold service, below 0 °C:
— consider low temperature Charpy specification;
— consider fracture appearance transition or nil ductility temperature specification;
— consider using higher nickel alloy steels;
—  consider reduced carbon content to less than 0,4 % carbon;
— consider using heating elements to increase lubricant temperature.

¢ |The grade cleanness requirements apply only to those portions of the gear material where thé.feeth will be locateq at a distance

below the finished tip diameter of at least two times the tooth depth. On external gears, this partion of the gear blank nprmally will be

less|than 25 % of the radius.

4 |The area reduction is a total reduction irrespective of the method. Applies to forgings-from ingot cast material. For cpntinuous cast

material the minimum reduction is 5 : 1.

€ |The microstructure of the gear section to a depth of 1,2 times the tooth height to consist primarily of tempered martensite with

limited upper transformation products (proeutectoid ferrite, upper bainite andifine pearlite). No blocky ferrite, due [to incomplete

austenitization, is permitted. The maximum limit for upper transformation produets is 10 % for gear controlling sections § 250 mm, and

20 % for gear controlling sections > 250 mm.

Table 4 — Through hardened cast steels, not surface hardened (see Figures 7 and|8)
Item Requirement ML-MQ ME
1 Chemical analysis Not verified Specific test report in acordance with 130 10474 with
100 % traceability to the original cast.
2 Mechanical properties after heat HBW s (0p,2) 0B 6 w HBwW
treatment Specific test report in accordance with 1I$O 10474 with
100 % traceability to the original cast. |Verification of
HBW. Optional per customer/supplief agreement.
Statistical inspection required.
3 Grain size in accordance with.lSO 643 | No specification Fine grain, size 5 or finer. Test report pgr ISO 10474.
Optional per customer/supplier agreement.
Non destructive testing

41 Ultrasonic test (in r6ugh machined No specification Check tooth and tooth root areas only| Specific test
condition) in@eeordance with report in accordance with ISO 10474. Recommended
I1ISO 9443 but not required. Suggested for large diameter parts to

detect flaws before the expense of tooth qutting.
Acceptance criteria per ASTM A609 levgl 1 in Zone 1
(Outside diameter to 25 mm below roots){and level 2 in
Zone 2 (remainder of rim) using 3,2 mm flat bottom
holer—er—appreved—equivalent—using—back reflection
technique.

4.2 Surface cracks detection (in finished Cracks not permitted. 100 % inspection by ASTM E1444 including fluorescent,
condition but before any shot peening magnetic particle or dye penetrant inspection. Statistical sampling permitted for large
treatment) production lots.

5 Repair welding Allowed with approved Allowed only in rough condition if performed before

procedure.

heat treatment. Not allowed after tooth cu

tting.

When the casting quality meets the quality criteria for wrought (forged or rolled) steels, wrought steel allowable stress numbers may be
used in gear rating calculations for cast steel gears operating with wrought steel pinions. Suitability of using wrought steel allowable

stress numbers for casting rating calculations shall be supported by test and operating experience.

For castings, wrought steel cleanness and forging reduction ratio criteria are excluded. Inclusion content and shape control are
required to produce predominantly round manganese sulfide inclusions (Type |). No grain boundary (Type II) manganese sulfide

inclusions permitted.
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Table 5 — Case hardened wrought steels (forged or rolled steels) (see Figures 9 and 10)

Item Requirement ML MQ ME
1 Chemical analysis 2 Not verified Specific test report in accordance Specific test report in accordance with
with 1ISO 10474 with 100 % ISO 10474 of testing on a representative
traceability to the original cast. sample from the same cast.
2 Hardenability by end Not verified Specific test report in accordance Specific test report in accordance with
quench test (see with 1ISO 10474 with 100 % ISO 10474 of testing on a representative
ISO 642) traceability to the original cast. sample from the same cast
3 Cleanness, No The steel shall be deoxidized and refined in the ladle. Steel shall be vacuum
steelmaking P specification degassed. The steel shall be protected from reoxidation during the teeming or
casting. Adding calcium when melting the steel — maximum 15 ppm (= 15 pg/g) |— is
permissable for castability subject to agreement by the end-user. Oxygem.content
25 ppm (= 25 pg/g) maximum. Cleanness in accordance with ISO 4967, procedyre in
accordance with Method B, Plate |l, inspected area approximately 200 mm?2 andl the
following acceptance table. Other specifications, which ensurevithe equivplent
cleanliness are permitted. Test report in accordance with ISO 10474
A B C D
Fine Thick Fine Thick Fine Thick Fine Thick
MQ 3,0 3,0 2,5 1,5 2,5 1,5 2,0 5
ME 3,0 2,0 2,5 1,5 1,0 1,0 1,5 ,0
4 Area reduction ratio© | No Atleast 3: 1
specification
5 Grain pize in No Fine grain, predominantly 5 and finer. Test report in accordance with ISO 10474
accordance with specification
ISO 643
6 Ultraspnic test in No Recommended. Suggested for Required. Statistical samples permitted when
roughmachined specification | large diameter parts to detect'flaws | lot size is > 5.
conditfon. before the expense of tedth cutting.
ASTMA388
Inspection per ASTMA388, using either the back reflection or reference
block 8-0400; 3;2'mm flat bottom hole per ASTM E428 technique. Inspection is [from
the outside diameter to the mid-radius and a 360° scan is required. A distance
amplitude.~correction curve (single point DAC) is not intended. Other| UT
specifications which ensure the same quality level are permitted.
7 Surfade hardness
7.1 | Surfage hardness on | 600 HV or 660 HV to 800 HV or 58 HRC to 660 HV to 800 HV or 58 HRC to 64 HRC.
a representative 55 HRC 64 HRC. Statistical sample testing. 100 % testing if heat treatment lot size < p,
surface of minimum, else statistical samples permitted. Test
workpleced. (See Statistical method as appropriate for the size of the part.
Vickers-Rockwell sample
hardngss conversion | testing
table in Annex B)
7.2 | Surfade hardnessin No Meets drawing specification. Meets drawing specification. 100 % testing of
root space, mid-face specification Statistical sampling or on every pinion and gear wheel or on
width, [for modules representative test piece in representative test piece in agreement
>129. agrreement between supplier and between supplier and purchaser.
Ihlll'r‘hQQpr
8 Core hardness at 21 HRC or 25 HRC or more, measured on a 30 HRC or more, measured on sample part or
mid-face width on a more. representative test bar per 6.5 b) or | representative test bar in accordance with
normal to the 30° Specified but | calculated based on knowledge of 6.5.
tangent at distance not verified. quench rate and hardenability
5 x case depth but curve.
not less than 1 x
module or measured
on a representative
test bar in
accordance with 6.5.
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Table 5 (continued)

Item Requirement ML MQ ME

9 Case depth in Case depth is defined as the distance from the surface to a point at which the hardness number is
finished condition in 550 HV or 52 HRC.
accordance with
1ISO 2639. Measured Minimum and maximum limits shall be shown on the drawing. When specifying case depth, note that
on representative the “optimum” values for bending and surface load capacity are not the same. Recommended values
test bar per 6.5 or of case depth are shown in 5.6 ©.
measured at mid-
face width one
addendum below the
fip circle.

10 Inspection of all microstructure requirements can be made on one representative test bar in accordance With 6.5. This
inspection is optional for MQ but required for ME. (Not required for ML)

10.1 | Limits on surface No Low nominal alloy steels with total alloy content < 1,5 %: 0,70 % to 1,0 %.
carbon content. specification High nominal alloy steels with total alloy content > 1,5 %-0,65 % to 0,90 %.

Recommended.

10.4 | Surface structure: No Recommended. Required)

The desired structure | specification Martensite, essentially fine acicular, | Macténsite, fine acicular, as [shown by a
has less than 10 % as shown by a representative test | réprésentative test bar.
bainite. bar.

10.3 | Reduction of surface | No Maximum 40 HV on the part or-On a representative test bar.
hardness in the outer | specification
0,1 mm of the case,
except in the root,
due to
decarburization,
retained austenite or
non-martensitic
components .

10.4 | Carbide precipitation | Semi- Discontinuous carbides permitted in | Dispersed carbides permitted inf accordance

continuous accordance with Figure 20 b). witrh Figure 20 c). Inspection of]
carbide Maximum length of any carbide is representative test bar in accordance with
network 0,02 mm. (On representative test 6.5.

permitted in bar, if used.)

accordance

with

Figure 20 a).

On

representative

test bar, if

used.

10.§4 | Residual austenite. No Up to 25 % on inspection of Up to 25 %, finely dispersed. Ingpection of
Determined by specification companion heat treatment batch representative test bar in accordance with
metallographic test piece. 6.5.
inspection.

If outside specification, salvage may be passable by controlled shpt-peening, or
other appropriate procedures, with the agreement of the customer.

10.6 | Intergranular No Case depth e IGO [um] Case depth 1GO [um]
oxidation (IGO), specification [mm] e [mm]
applicable to ¢<0,75 17 ¢<0,75 12
B’;?;?;?:ezugfce' 0,75 < e < 1,50 25 0,75 <e < 1,50 20
meta”ographic 1,50 <e< 2,25 38 1,50 <e< 2,25 20
inspection of 2,25<¢<3,00 50 2,25<¢<3,00 25
unetched coupon, if ¢>3,00 60 ¢>3,00 30
used. Limits in
micrometers shall be If outside specification, salvage may be possible by controlled shot-peening, or other
based on case depth appropriate procedures, with the agreement of the customer.
as given.
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Table 5 (continued)

Item Requirement ML MQ ME
11 Surface cracks. Cracks not Cracks not permissible. 50 % Cracks not permissible. 100 % inspection by
Removal of defects permissible. inspection by ASTM E1444 ASTM E1444 (magnetic particle inspection
is acceptable, with Statistical (magnetic particle inspection method).
customer approval, sample method).
provided that the inspection by Statistical i " itted if Iof si 5
integrity of the magnetic Statistical inspection depending on atistical inspection permitied iHiot size >
gear is not particle ot size permitted
compromised 9. inspection,
fluorescent
magnetic
particle
penetrant or
dye penetrant
method.
12 Magngtic particle No Module Max. indication Module Max. indicgtion
inspegtion (teeth specification mm mm
area dnly) . <25 1,6 <25 0,8
ASTME1444
S >25t08 24 > 2,50.8 1,6
>8 3,0 >8 2,4
13 Grindihg temper Grade B Grade B temper permitted on 25 % | Gradg’, B~ temper permitted on 10% of
contrgl using nital temper of functional area (FB2), statistical | funCtional area (FB1), 100 % inspection by
etch i) accordance permitted on inspection required. ISO114104.
with 130 14104 P 100 % of Statistical i . . .
functional tatlsttlczta)lI inspection depending on lot |size
area (FB3), acceptable.
statistical If outside specification, salvage*may be possible by controlled shot-peening, witlh the
inspection agreement of the customet,
recommended
but not
required.
14 Core gtructure at the No Martensite, \acicular ferrite and | Martensite, acicular ferrite and bainite] No
same |ocation as specification bainite. «\No- blocky ferrite (see | blocky ferrite. Applies to representative| test
item 8 item 8) bar in accordance with 6.5
NOTE Bee also 6.6 and 6.7. Requirements for\carbo-nitrided steels are presently not given in the standard.
@  See Cladse 6, Footnote 9.
b The grade cleanness requirement§ apply only to those portions of the gear material where the teeth will be located at a disthnce
below the finighed tip diameter of atleast two times the tooth depth. On external gears, this portion of the gear blank normally will be
less than 25 % of the radius.
€ The arealreduction is adotal reduction irrespective of the method. Applies to forgings from ingot cast material. For continuous [ast
material the njinimum reduction is 5 : 1.
d  Root harfiness may, be somewhat less than flank hardness, depending on the size of the gear and the process. Allowable vglues
may be agreefl between manufacturer and purchaser.
€ For otherlvaldes of case depth see, for example, [10]

f File testing is an accepted method to inspect surface hardness, see Annex E.

9 No cracks, bursts, seams or laps are permitted in the tooth areas of finished gears, regardless of grade. Limits: maximum of one
indication per 25 mm of face width and maximum of five in one tooth flank. No indications allowed below 1/2 of working depth of tooth.

Removal of defects which exceed the stated limits is acceptable, with customer approval, provided the integrity of the gear is not
compromised.

h" Other methods are available for grinding temper control and can be used by agreement between purchaser and supplier.
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a) Semi-continuous carbide network:
Permissible forf Grade ML

b) Discontinuous carbides: c) Dispersed carbides:
Permissible for ML and MQ Permissible for ML, MQ and ME

Figure 20 — Photo micrographs of permissible carbide structures for case of carburized gears
(5 % nital etch. x 400 magnification)
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Table 6 — Induction or flame hardened wrought and cast steels (see Figures 11 and 12)

Item Requirement ML MQ ME

1 Chemical analysis

2 Mechanical
properties — after
heat treatment

3 Cleanness No As in Table 3 (through hardened wrought steels: items 1 to 6) or as in Table 4
specification (through hardened cast steels: items 1 to 3)
4 Grain size
5 Ultrasprie-test
6 Exten{ of forging
reductjon
7 Surfade hardness. All | 485 HV to 500 HV to 615 HV or 50 HRC to 56 HRC
inductjon hardened 615 HV or
gears fhall be 48 HRC to
furnade tempered. 56 HRC
8 Hardehing depth @, in | The hardening depth is defined as the distance to the surface from.a\point where the hardnesgs is
accordance with equal to 80 % of the required surface hardness. Depth of case to\be/determined for each paft by
ISO 3754 experience.
9 Surfade structure No Inspection of statistical samples, | Stricter inspection of statistical samples,| fine
specification mainly fine acicular martensite. aeleular martensite, < 10 % non-martefsitic

structure; no free ferrite permitted.

10 Non-destructive testing

10.1 | Surfade cracks — Inspection of Inspection of first batch (magnetic 100 % inspection (magnetic particle,
not permitted first batch particle, fluorescent magnetic fluorescent magnetic particle penetrant of dye
(ASTNI E1444). (magnetic particle penetrant or dye penetrant penetrant method).
particle, method)
fluorescent
magnetic
particle

penetrant or
dye penetrant

method)
10.2 | Magngtic particle No specification Module Max. indicgftion
inspedtion (teeth mm
area gnly) <25 1,6
b
ASTME1444 >25t08 2,4
>8 3,0
1 Prior sitructure Quienched and tempered
12 Overhpating, To be avoided | Strict avoidance (< 1 000 °C)
especlally at the
tooth fips
NOTE [histable applies to spin type flame hardening or spin and tooth-to-tooth type induction hardening with hardened rpots,

hardness patterns similar to Figures 21 and 22.

@  The hardness pattern, depth, facilities and process method shall be established, documented and checked to be repeatable. A
representative sample, with the same geometry and material as the work piece, shall be used to qualify the process. The process
equipment and methods shall be sufficiently accurate to reproduce the specified results. The hardness pattern shall extend the full
length of the teeth and over the full profile, both flanks, both roots and both root fillets.

b No cracks, bursts, seams or laps are permitted in the tooth areas of finished gears, regardless of grade. Limits: maximum of one
indication per 25 mm of face width and maximum of five in one tooth flank. No indications allowed below 1/2 of working depth of tooth.
Removal of defects which exceed the stated limits is acceptable, with customer approval, provided the integrity of the gear is not
compromised.
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Key
1 ihduction coil or flame head

Figure 21 — Example for non-contour hardening

Key

1 ihductor or flame head

Figure 22 — Example for contour hardening
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Table 7 — Nitrided wrought steel, nitriding and through hardening steels, nitrided
(see Figures 13 and 14)

Item Requirement ML MQ ME
1 Chemical analysis
2 Mechanical properties —
after heat treatment
3 Cleanness As in Table 3 (through hardened wrought steels: items 1 to 6)
4 Grain size
5 Ultragormctest
6 Extent of forging reduction
7 Nitride case depth Minimum value specified
The effective nitride case depth is defined as the distance from the surface to a point at which
the hardness number is 400 HV or 40,8 HRC. If the core hardness éxeeeds 380 HV, |core
hardness + 50 HV may be applied.
Recommended values of the nitride case depth Nit are shown in 5.6.
8 Surfafe hardness
8.1 Nitrid|ng steels @b ¢ 650 HV minimum
900 HV maximum 9
8.2 Throdgh hardening steels 2 450 HV minimum
9 Pretr¢atment Hardened and tempered without decarburization of finished surfaces.
Tempering temperature is to exceed nitriding temperature by a margin sufficient to avoid
softening during the nitriding cycle.
10 | Surfake zone: (white layer) <25um White layer < 25 ym mostly | White layer < 25 um thidk;
& with little of ' nitrides proportion of ¢_/y" nitridep
> 8; if ground after nitridipg,
check pitting load capacify.
11 Core op not verified og > 900 N/mm?2 (in general, percentage of ferrite less [than
5 %)
12 Finished condition after — Ground only in special Ground only in special
nitridipg. cases; be cautious of cases; be cautious of
possible reduction of surface | possible reduction of surface
load capacity. If tooth load capacity. If tooth
grinding is provided, grinding is provided,
magnetic particle inspection magnetic particle inspection
by ASTM E1444 by ASTM E1444 required.
recommended.
NOTE The pverload capacity of many nitrided gears is low.
@8  Surface hardness.is measured perpendicular to the surface; values measured on a section may be higher. The test load sHould
be appropriat¢ for'the'case depth and the hardness.
b The ovetesd—eapae ofn d-gea 0 of-the SHFYe e—sheel—should be

investigated before proceeding with the design. There is a risk of the formation of a continu

ous grain boundary nitride network in

aluminum alloy steels, as a result of a prolonged nitriding cycle. The use of these steels requires special precautions in heat treatment.

¢ Aluminum containing nitriding steels Nitralloy N, Nitralloy 135 and similar are limited to grades ML and MQ. Tooth root stress
numbers of jim for these materials are limited to 250 N/mm?2 for ML and 340 N/mmZ for MQ.

d

When values are higher, due to white layer thickness (> 10 um), the endurance values decrease because of embrittlement.
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