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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.
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ISO 6336-

Introduction

5:2016(E)

This document, together with ISO 6336-1, ISO 6336-2, ISO 6336-3 and ISO 6336-6, 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 document, may vary widely. Such variation is attributable
to defects and variations of chemical composition (charge), structure, the type and extent of hot
working (e.g. bar stock, forging, reduction ratio), heat treatment, residual stress levels, etc.

Tabl

bs summarize the most important influencing variables and the requirements fofit

materials and quality grades. The effects of these influences on surface durability afnd to

stre
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prodg
othe

ngth are illustrated by graphs.

mmendations on the choice of specific materials, heat treatment processes or ma

rwise of any materials for specific manufacturing or heat treatment-processes.

he different
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document covers the most widely used ferrous gear materials and related heat treatmenit processes.
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esses are not included. Furthermore, no comments are made gencerning the syitability or
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Calculation of load capacity of spur and helical gears

Part 5:
Strength and quality of materials

" both limit
mments on

es provided
high-speed

rating the
iles, profile
with other

methods for the range indicated in the scope of ISO 6336-1 and 15O 10300-1.

2 Normative references

The |following documents are referred to in the textin such a way that some or all of their content
congtitutes requirements of this document. For-dated references, only the edition cited ppplies. For
undgted references, the latest edition of the refefenced document (including any amendments) applies.
ISO $3, Cylindrical gears for general and heavy engineering — Standard basic rack tooth profile

[SO ¢42, Steel — Hardenability test by-end quenching (Jominy test)

[SO 643:2012, Steels — Micrographic determination of the apparent grain size

ISO 6$83-1, Heat-treatable steels; alloy steels and free-cutting steels — Part 1: Non-alloy steels fqr quenching
and fempering

ISO 6$83-2, Heat-treatable steels, alloy steels and free-cutting steels — Part 2: Alloy steels for quenching and
tempering

ISO $83-3, Heat:treatable steels, alloy steels and free-cutting steels — Part 3: Case-hardening jteels

[SO 683-4;:Heat-treatable steels, alloy steels and free-cutting steels — Part 4: Free-cutting stegls

ISO $83*5, Heat-treatable steels, alloy steels and free-cutting steels — Part 5: Nitriding steels

ISO 1328-1, Cylindrical gears — ISO system of flank tolerance classification — Part 1: Definitions and

allowable values of deviations relevant to flanks of gear teeth

ISO 2639, Steels — Determination and verification of the depth of carburized and hardened cases

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

ISO 4948-2, Steels — Classification — Part 2: Classification of unalloyed and alloy steels according to main

quality classes and main property or application characteristics

ISO 4967, Steel — Determination of content of non-metallic inclusions — Micrographic m
standard diagrams
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ISO 6336-1, Calculation of load capacity of spur and helical gears — Part 1: Basic principles, introduction
and general influence factors

IS0 6336-2, Calculation of load capacity of spur and helical gears — Part 2: Calculation of surface durability
(pitting)

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

ISO 9443, Heat-treatable and alloy steels — Surface quality classes for hot-rolled round bars and wire
rods — Technical delivery conditions

ISO 10474, §teel and steel products — Inspection documents

ISO 14104, Gears — Surface temper etch inspection after grinding, chemical method
ISO 18265, Metallic materials — Conversion of hardness values

EN 10204, Metallic products — Types of inspection documents

EN 10228-1f Non-destructive testing of steel forgings — Magnetic particle inspection

EN 10228-3, Non-destructive testing of steel forgings —Ultrasonic testing afyferritic or martensitic [steel
forgings

EN 10308, Non-destructive testing — Ultrasonic testing of steel bars
ASTMY A388-01, Standard practice for ultrasonic examination of heavy steel forgings

ASTM A609-91, Standard practice for castings, carbon, low _alloy and martensitic stainless steel, ultragonic
examinatior thereof

ASTM E428-00, Standard Practice for Fabrication and Control of Steel Reference Blocks Used in Ultragonic
Examination

ASTM E1444-01, Standard practice for magnetic particle examination

3 Terms, definitions and symbols

For the purposes of this document, the terms and definitions given in ISO 1122-1 and the symbolg and
units givenfin [SO 6336-1 apply:

ISO and IE(Jmaintain terminological databases for use in standardization at the following address¢s:

— IEC Eleftropedia: available at http://www.electropedia.org/

— SO Onlinebrowsing platform: available at http://www.iso.org/obp

4 Methods for the determination of allowable stress numbers

4.1 General

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.

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

1) American Society for Testing and Materials
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the case of tooth bending strength, the fillet radius, surface roughness and gear geometry. If a specific
influence is included in the permissible stress derived from tests or from field service data, then the
relevant influence factor should be set equal to 1,0 in the calculation procedure of ISO 6336-2 and
ISO 6336-3.

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
test
fron

Method B

pllowable stress numbers for contact and bending were derived from endurance itests
gears under reference test conditions. Tooth-root allowable stress numbers’were 4
pulsator tests. Practical experience should be taken into account. The standard alloy

numpers specified in 5.2 and 5.3 are based on such tests and experience.

Thrd
choi
exer]

4.4

Cont
they

4.5

Allo
Preff
radi
that
subj
subj

e different classes, ME, MQ and ML, are given for the allowable stress numbers. The
ce of class will depend, as described in Clause 6, on the typeof\production and qug
Ccised.

Method B,

act stress numbers derived from rolling contact fatigtie testing have to be used with ¢
tend to overestimate allowable contact stress nunibers for gear teeth.

Method B

vable stress numbers for bending are>derived from the results of testing notched
erably, the ratio of the test piece netch radius to thickness should be similar to that
1s to the tooth-root chord in the¢ritical section and the surface condition should b
of the tooth root. When evaluating test data, it should be understood that test pieces

bcted to combined bending) shear and compressive stresses. Data on the various mate

obtalined from in-house testing, experience or from literature.

4.6
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See

sens
theil
matq

Method Bp

vable stress\tumbers for bending are derived from the results of testing un-notched
1.5 for comiments on evaluation of test results. In order to take into account the effg
itivity=itiiS necessary that actual notch form and notch factors be included in calculg

results will be influenced by the extreme unreliability of these factors. Data on
briials can be obtained from known test facilities or from literature.

bf reference
Iso derived
vable stress

hppropriate
lity control

hution since

test pieces.
of the fillet
b similar to
are usually

ected to repeating bendingsstress, whereas in the case of a gear tooth, the fillets of the teeth are

rials can be

test pieces.
ect of notch
tions; thus,
the various

5 Standard allowable stress numbers — Method B

5.1

Application

The allowable stress numbers shall be derived from Figures 1 to 16 or calculated by Formula 2 and
Table 1.

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.

© ISO 2016 - All rights reserved
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The data furnished in this document 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 but such adjustments need to be
considered very carefully and may require additional specific tests or detailed documentation of the
source of the information used to derive the confidence level of the failure probabilities.

When other probabilities of damage (reliability) are desired, the values of oy lim, OF lim and ofpg are
adjusted by an appropriate “reliability factor.” When this adjustment is made, a subscript shall be added
to indicate the relevant percentage (e.g. o4 1im10 for 10 % probability of damage). For statistical analysis
of fatigue testing results, see also Reference [6].

The allowable stress numbers indicated in Figures 9 and 10 were derived for effective case depths of

about 0,15np, to 0,2my on finish-machined gears.

The extent o which the level of surface hardness influences the strength of contour-hardefied, nitrided,
carbo-nitridled and nitro-carburized gears cannot be reliably specified. Other surfacesrélated factars of
the materiall and heat treatment have a much more pronounced influence.

es, the full hardness range is not covered. The ranges covered are indicated by the length of

Figures 1 to 16.

For surfacelhardened steels (Figures 9 to 16), the HV scale was chosen{as the reference axis. The[HRC
scale is included for comparison. To define the relationship between. Vickers and Rockwell hardness
numbers conversion tables, see ISO 18265.

In some cas|
the lines in

5.2 Allowable stress number (contact), oy |im

The allowa
specified n
long-life ar
carburized,

be the begimning for the long life area).

Values of oy
conditions 4

ble stress number, oy 1im, is derived from a contact pressure that may be sustained
hmber of cycles without the occurrence of“progressive pitting. For the beginning o
pa refer to the life factor Zyt for the different materials in ISO 6336-2 (for example
through hardened, and induction-haydened material 5 x 107, stress cycles are consider¢

lim indicated in Figures 1, 3, 5,7, 9, 11, 13 and 15 are appropriate for the reference oper4
ind dimensions of the reference test gears, as follows:2)

for a
- the
case
ed to

iting

— Centre djstance a =100 mm

— Helix angle B=0(Zg=1)

— Module m=3mmto5mm (Zy=1)
— Mean pepk-to-valley roughness of the tooth flanks Rz=3um (Zr=1)

— Tangentiplvelocity v=10m/s (Zy=1)

— Lubricant viscosity vso =100 mm2/s (Z, = 1)
— Mating gears of the same material (Zw=1)

— Gearing accuracy grades

— Face wid

— Load influence factors

4 to 6 according to ISO 1328-1
th b =10 mm to 20 mm

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

5.3 Bending stress number values for of i, and ofg

5.3.1 Nominal stress numbers (bending), oF |im

The nominal stress number (bending), of 1im, was determined by testing reference test gears (see
ISO =31t i TTTTi i fal, the heat
treafment and the surface roughness of the test gear root fillets.

5.3. Allowable stress number (bending), org

The Jallowable stress number for bending, opg (for the definition of ofg, see,1SO 6336-3), [is the basic
bending strength of the un-notched test piece, under the assumption that the materigl condition
(including heat treatment) is fully elastic:

OFE = OFlim * VsT (M

For the reference test gear, the stress correction factor Ysf)=2,0. For all materials cove¢red in this
docyment, 3 x 106 stress cycles are considered to be the bégihning of the long-life strength range (see
life factor Yy in ISO 6336-3).

Valukes of of 1im and opg indicated in Figures 2, 4, 6, 8510, 12, 14 and 16 are appropriate for the reference

opeifating conditions and dimensions of the referenee test gears, as shown below (see 5.2):

— Helix angle B=0(Yp=1)

— Module m=3mmto5mm (Yx=1)
— S{ress correction factor YsT=2,0

— Nptch parameter qst=2,5 (Ysrel-T=1)

— Mean peak-to-valley roughness of the tooth fillets Rz=10 pm (YRrelT=1)

— Gparing accuracy.grades 4 to 7 according to ISO 1328-1
— Bhsic rack according to ISO 53

— Face width b =10 mm to 50 mm

— Lpadyfactors Ka =Ky =Kpg=Kpq=1

5.3.3 Reversed bending

repeated, unidirectional, tooth loading. When reversals of full load occur, a reduced value of opg is
required. In the most severe case (e.g. an idler gear where full load reversal occurs each load cycle),
the values of 1im and ofg should be reduced to 0,7 times the unidirectional value. If the number of load
reversals is less 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 ISO 6336-3:2006, Annex B.

© IS0 2016 - All rights reserved 5
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5.4 Graphs for oy |iym and oF |im and oFg

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.

5.5 Calculation of oy |iy and oF jim

The allowable stress numbers, oy 1im, and the nominal stress numbers, oF |im, based on Figures 1 to 16,
can be calculated by the following equation:

OHlim Y= A.-x+B (2)
O Flim
where
X is|the surface hardness HBW or HV on the finished functional surface;
A, B are constants (see Table 1).
The hardnefs ranges are restricted by the minimum and maximum hardness values given in Tabld 1. It
shall be used together with Figures 1 to 16.
Table 1 — Calculation of oy jjm and\oF |im
No. | Material | Stress Type Abbrevia- | Fig. |Quality|7; A B Hard- Min. Max.
tion ness hard- harnd-
ness ness
Normal- |Contact |Wrought St 1a)|ME/MQ|1,000|190| HBW 110 210
ized low normal- ME |1,520 | 250 110 210
carborn ized low
steels/cast carbon
steelsd steels
3 Cast steels St 1b) |ML/MQ| 0,986 | 131 HBW 140 210
4 (cast) ME 1,143 | 237 140 210
5 Bending|Wrought St 2a) |[ML/MQ|0,455| 69 | HBW 110 210
6 normalt ME |0,386] 147 110 210
ized low
carbon
steels
7 Cast steels St 2b) [ML/MQ|0,313 | 62 HBW 140 210
8 (cast) ME 0,254 | 137 140 210
6 © IS0 2016 - All rights reserved


https://standardsiso.com/api/?name=b9ea2656693feaf2673db32bcac11c20

ISO 6336-5:2016(E)

Table 1 (continued)
No. | Material | Stress Type Abbrevia- | Fig. |Quality| A B Hard- Min. Max.
tion ness hard- hard-
ness ness
9 Castiron |Contact |Black GTS 3a) |[ML/MQ|1,371| 143 | HBW 135 250
10 |materials malleable | () ME |1,333] 267 175 250
castiron
11 Nodular GGG 3b) [ML/MQ| 1,434 | 211 | HBW 175 300
12 castiron ME 1,500 | 250 200 300
13 Grey-east 66 3 HMEAMO 033132 HBW +56 240
14 iron ME |1,465|122 175 275
15 Bending|Black GTS 4a) [ML/MQ|0,345| 77 | HBW 435 250
16 malleable | 0 ME [0,403|128 175 250
castiron
17 Nodular GGG 4b) |ML/MQ|0,350| 119 | _HBW 175 300
18 castiron ME [0,380 134 200 300
19 Grey cast GG 4c) |[ML/MQ|0,256]| -8 HBW 150 240
20 iron ME |0,2004\53 175 275
21 ||Through |[Contact |Carbon \% 5 ML 0,963 | 283 HV 135 210
22 | hardened steels MQ <0925 | 360 135 210
wrought
23 || steelsb MEN" | 0,838 | 432 135 210
24 Alloy Y 5 ML [1,313|188| HV 200 360
25 steels MQ |1,313]373 200 360
26 ME |2,213]260 200 390
27 Bending|Carbon \% 6 ML 0,250| 108 HV 115 215
28 steels MQ |0,240] 163 115 215
29 ME |0,283]|202 115 215
30 Alloy \Y 6 ML |0,423|104| HV 200 360
31 steels MQ |0,425|187 200 360
32 ME |0,358] 231 200 390
33 |[|[Through |Contact |Carbon Vv 7 |ML/MQ|0,831|300 HV 130 215
hardened steels
34 | caststeels (cast) ME |0,951 | 345 130 215
35 Alloy \Y 7 |ML/MQ|1,276|298| HV 200 360
steels
36 (cast) ME |1,350] 356 200 360
37 Bending|Carbon \Y 8 [ML/MQ|0,224 (117 HV 130 215
steels
38 (cast) ME |0,286| 167 130 215
39 Alloy \Y 8 |ML/MQ|0,364| 161 HV 200 360
steels
40 (cast) ME |0,356/ 186 200 360

© ISO 2016 - All rights reserved
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Table 1 — (continued)

a  Inaccordance with ISO 4948-2.
b Inaccordance with ISO 683-1 and ISO 683-2.
¢ Inaccordance with ISO 683-3.
d  Inaccordance with ISO 683-5.
e Inaccordance with ISO 683-1, ISO 683-2, ISO 683-3 or ISO 683-5.

No.| Material Stress | Type Abbrevia- | Fig. | Qual- A B |Hard-| Min. Max.
tion ity ness | hard- hard-
ness ness
41 |Casehard- |Contact Eh 9 ML |0,000[1300| HV 600 800
47 |ened wrought MQ [0,000|1500 660 800
steels¢
43 ME |0,000|1650 660 800
44 Bend- |Core Eh 10 ML |0,000| 312 | HV 600 800
ing hardness:
45 >25 HRC, MQ [0,000] 425 660 800
lower
46 >25 HRC, 0,000| 461 660 800
upper
47 230 HRC 0,000| 500 660 800
48 ME [0,000| 525 660 800
49 |Flamedor Contact IF 11 ML 0,740 602 | HV 485 615
50 |inductjon- MQ |0,541| 882 500 615
hardened
51 |wrought and ME |0,505|1013 500 615
52 |caststgels Bend- IF 12 ML [0,305()76 | HV 485 615
53 mg MQ |0;138] 290 500 570
54 0,000| 369 570 615
55 ME| 0,271 237 500 615
56 |Nitridgd Contact |Nitriding NT 13a)| <ML |0,000{1125| HV 650 900
57 |wrougnt steels (nitr) MQ |0,000|1 250 650 900
steels/itrid-
58 |ing steplsd / ME {0,000 (1450 650 9do
59 |[through hargi- Through NV 13b)| ML |0,000| 788 | HV 450 650
60 |cning gteels harden- (nitt) MQ [0,000| 998 450 650
nitride ing steels
61 ME |0,000|1 217 450 650
62 Bend- |Nitriding NT 14 a) ML (0,000| 270 HV 650 9010
63 mg steels (nitr) MQ |0,000| 420 650 900
64 ME (0,000 468 650 9do
65 Through NV 14b)| ML [0,000| 258 | HV 450 650
66 harden- (nitr) MQ 0,000 363 450 650
ing steels
67 ME (0,000 432 450 650
68 |Wrought Contact | Through NV 15 ML |0,000| 650 | HV 300 650
69 |steels pitro- harden- (nitro- MQ/ME| 1,167 | 425 300 450
carburfized® ing steels
70 car) 0,000/ 950 450 650
71 Bend- |Through NV 16 | ML [0,000| 224 | HV 300 650
72 ing  |harden- (nitro- MQ/ME|0,653| 94 300 450
ing steels
73 car.) 0,000| 388 450 650
NOTE  Table 1 shall be used together with footnotes from the corresponding Figures 1 to 16.
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} age
500
ME
L=
/‘/ 400
SpML=wMa
e
A
200
100 200 300 HBW

OFlim

300

200

100

steels and

O FE
500
- ME 100
+—
_ ML =MQ
= P00
100 200 300 HBW

a) Wrought normalized low carbon steels

Key

OFlim nhominal stress number (bending), N/mm?2

OFE

allowable stress number (bending), N/mm?2

HBW surface hardness

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)

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=b9ea2656693feaf2673db32bcac11c20

ISO 6336-5:2016(E)
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/
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ML = MQ
500
30pD

100 200 300 HBW

a) Black malleable cast iron (see 6.3)

Key

OHlim

500

400

300

100

b) Nodular cast iron(see Table 2)

ME

// ML= MQ
/
/

100 200 300 HBW

¢) Grey cast iron (see Table 2)

ol lim allowgble stress number (contact), N/mm?2
HBW surfacg hardness

200 300~ HBW

NOTE Brinellhardness < 180 HBW indicates the presence of a high proportion of ferrite in the structurg¢. For

gears, this cq

ndition 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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ML = MQ

ME=vQ
1
100 200 100 20(
100 200 300 HBW 100 200 300 HBW
a) Black malleable cast iron (see 6.3) b) Nodular cast iron{see Table 2)

Key

OF lim OFrg
200 400
| “ME
100 — | 200
o /ML =MQ
0
100 200 300 HBW

¢) Grey cast iron (see Table 2)

OFlij nominal stress number/(bending), N/mm2

OFE allowable stress number (bending), N/mm?

HBW surface hardness

NOTE

Brinell hardness < 180 HBW indicates the presence of a high proportion of ferrite in the s

gears, this condition is not recommended.

Figure'd-— 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 )
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OH lim

ME
1100

1 000 /

H—

900 /

800 / / (

1 N\ /
/ v
700 ‘
ML
/ )
ME
600 1
1 V| ma /

N

500 \ I
W

100 200 300 400 HV

400

Key
oHlim allowdble stress number (ceftact), N/mm?2
HV  surface hardness

carbon steels
alloy gteels

NOTE 1 Nominalecarbon content = 0,20 %.

NOTE2Z Thea | line.

NOTE3 The use of the ME line stress numbers for alloy steels relies heavily on the experience of the

manufacturer. This line is not supported by recently made (2011) standardized test. Results obtained without
pitting stabilization.

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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Key
OF linj Nominal stress number (bending), N/mm?2
org | allowable stress number (bending), N/mm?2
HV | surface hardness

carbon steels

alloy steels

NOTE Nominal carbon content = 0,20 %.

Figure 6 — Nominal and allowable stress nuinbers (bending) for through hardened|
steels (attention is drawn to'the quality requirements of Table 3)
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y
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hble stress number (contact), N/mm?2

— Allowable stress numbers (contact) for through hardened cast steels (attention
drawn to the quality requirements of Table 4)
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nominal stress number (bending), N/mm?2
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ure 8 — Nominal and allowable stress numbers{(bending) for through hardened

(attention is drawn to the quality requirements of Table 4)

rast steels
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Key

O Hlim
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ME —

1600
1,500 MQ —|
1400
1300 ML

500 600 700 800  900<OHV

50 55 60 65 HRC

oHlim allowpble stress number (contact), N/mm?2

HRC surfa¢e hardness
HV surfa¢e hardness

NOTE Afequate case depth required (see 5.6.1}):

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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OFlim OFrg

l
ME

500 2 1 000
2 MQ

C
400 800
300 ML 600

500 600 700 800 900 HV

50 55 60 65 HRE
Key
OFliny nominal stress number (bending), N/mm?2

org | allowable stress number (bending), N/mm?2

HRC| surface hardness

HV surface hardness

a Core hardness = 30 HRC.

Core hardness = 25 HRC Jominy hardenability at J,=12 mm = 28 HRC.
Core hardness = 25 HRC Jominy hardenability at] = 12 mm < 28 HRC.

NOTE1 Adequate case depth required (see 56)2).
NOTE2 See 6.6.

Higure 10 — Nominal and allowable stress numbers (bending) for case hardened wrought
steels (attention is drawn to the quality requirements of Table 5)
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1 000 A
//

400 500 600 700 8005 HV
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Key
oHlim allowable stress number (contact), N/mm?
HRC  surfafe hardness
HV surface hardness

NOTE Afdequate surface hardening depth required. Case depth to be determined for each part by experience.

Figure 11 — Allowable stress numbers (contact) for flame- or induction-hardened wroughtjand
cast steels (attentiomissdrawn to the quality requirements of Table 6)
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OFE
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NOT
dept

Figu

O°Flim OFE
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— MQ
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g
//
200 400 —
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45 50 55 60 HRC

nominal stress number (bending), N/mm?
allowable stress number (bending), N/mm?2
surface hardness
surface hardness
Hardened fillets only. Values for unhardened\fillets are not provided. Adequate surfa

h required.

re 12 — Nominal and allowable stress numbers (bending) for flame- or inductior]
wrought and cast steels (attention is drawn to the quality requirements of Table

e hardening

1-hardened
16)
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a) Nitrid

Key

OHlim allow

HRC
HV

NOT

20
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ME
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1204
900
ML
1 10(
500 600 700 800 900 HV
800
50 55 60 65 HRC ML

surfal
surfa

E A

Figur
steels

400 500 600 700 800 HV

45 50N 55 60 HRC
Ing steels: hardened, tempered and b) Through hardening steels: hardened
gas nitrited tempered and gas nitrided

able stress number (contact), N/mm?2
Ce hardness
Ce hardness

dequate nitriding hardening depth required (see 5.6.3).
e 13 — Allowable stress nunibers (contact) for nitrided wrought steels/nitriding

through hardening steels/nitrided (attention is drawn to the quality requirements of
Table 7)
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[
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a) Nitriding steels: hardened, tempered and gas nitrided

OFlim OFE
500 1000
ME
400 800
MQ
300 600
ML
200 400 —
400 500 600 700 800 HV

45,~ 50 55 60 HRC

b) Through hardening steels: hardened, tempered and gas nitrided
Key
OF linj nominal stress number (bending), N/mm?2
org | allowable stress number (bending), N/mm?2
HRC| surface hardness

HV | surface hardnéss

NOTE1 Onlysdpplicable for Figure a): for flank hardness > 750 HV1, the allowable stress nurxbers can be

redufed by embrittlement when the white layer thickness exceeds 10 pm. Adequate nitriding hardlening depth
requjred, see'5.6.3.

NOTE2<_Only applicable for Figure a): aluminium containing nitriding steels Nitralloy N, Nitralloy 135 and
similar are limited to grades ML and MQ. Tooth root stress numbers oF Ji for these materials are limited to
250 N/mm?2 for ML and 340 N/mm? for MQ.

NOTE 3  Only applicable for Figure b): adequate nitriding hardening depth required, see 5.6.3.

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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O H lim
1 000 | |
MQ = ME
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800 /

700

ML

600 >
300 400 500 600 700 HV

30 35 45 50 55 60 <HRC

Key
oHlim allowpble stress number (contact), N/mm?2
HRC surfage hardness
HV surfage hardness

NOTE Afequate nitriding hardening depth required (see 5.6.3).

Figure 15 +— Allowable stress numbers (contact) for wrought steels nitrocarburized (attentipn is
drawn to the quality requirements of Table 8)
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OFE
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HV

NOT

5.6

allowable stress number (bending), N/mm?2
surface hardness
surface hardness

) Adequate nitriding hardening depth required, see 5.6:3.

Figure 16 — Nominal and allowable stress\numbers (bending) for wrought st¢
nitrocarburized (attention is drawnito the quality requirements of Table 8)

Hardening depth of surface hardened gears in finished condition

5.6.1 General

Surf]
load

hce hardened gear teeth require adequate hardening depth to resist the stress cond
bd tooth. Minimum and@aximum values of hardening depth shall be shown on the dra

spedifying minimum hardening depth, note that the “optimum” values for bending and §
capdcity are calculated(separately and are not necessarily the same. The specified maximun
deptfhs should not b&exceeded, because to do so would increase risk of embrittlement of th

and

ower allowable stress numbers.3)

5.6.2 Case'depth of carburized and hardened gears?)

a)

Recommended values of case depth to achieve the specified strength values

pels

ition in the
wing. When
urface load
h hardening
e tooth tips

for pitting

[CHDyY opt) are shown in Figure 17. CHDy opt is the optimum effective case depth

relating to

permissible contact stress for long life at the reference circle after tooth finishing:

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

4) Definition of case depth according to Table 5, item 9.

© ISO 2016 - All rights reserved
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Key
CHD

mp

Figure 17 — Recommended values of optimum case depth CHDy op: regarding surface loagd

b)

d)

24

6336-5:2016(E)

CHD
10
5 PaN
4 9 SP”
3 2 AR RS
2 &
06\
DN
1 A DAL CHD,, o =
2 P08 i, ¥ 07
05 | |
0,4 >4 CHD,, = 0,15 - m,
03
0,2
0,1
1 2 3 4567810 20 40 m

case hprdening depth, mm
Normal module, mm

capacity and maximum case depth CHD,x regarding bending and surface load capacity

Recommended values of case depth to achieve the specified strength values regarding tpoth
root bending (CHDF opt): CHDF opt is the optimum effective case depth relating to permisgible
bending stress for long life at the root fillet*on a normal to the 30° tangent (external gears)| 60°
tangent (internal gears) after tooth finighing:

0,1m, K CHDy . <0,2m (3)

Recommended values of ¢ase depth regarding case-crushing (CHD.): CHD. is the mini:Eum
effectivie case depth at the“peference circle after tooth finishing based on the depth of maxifum
shear sfress from contdebload.

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

A guidg to aveid'¢ase crushing the CHD, is given by th following formula. Note that this equgtion
has notlbeen\validated for contact stress numbers oy > 1400 N/mm?2.

_ O Oyg SO, 7,

Uy - cospy z, + 27,

CHD

C

(4)

with
Uy = 66 000 N/mm?2 for quality grades MQ/ME;
Uy = 44 000 N/mm?2 for quality grades ML.

Recommended limits of minimum and maximum effective case depth: CHDnin/max is the
effective case depth at the reference circle after tooth finishing (values also shown in Figure 17):
CHDpin 2 0,3 mm and CHDax < 0,4 - my, (€ 6 mm).
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5.6.
a)

Key

NHD| nitriding hardening depth, mm

m
NOT

0,8 npm.

b)

ISO 6336-

3 Nitriding hardening depth of nitrided gears>)

Recommended values of effective nitriding hardening depth (NHD): See Figure 18.
NHD

2

5:2016(E)

opoo-
G PO~

04
03 y

<
o2 2T
’ v

0,1

0,05

1 2 3 4567810 20 40 m

module, mm

L

. Steel grade should be suitable for the recommended NHD which should not exceed a maxiy

Figure 18 — Recommended values of nitriding hardening depth, NHD

Recommended values of nitriding hardening depth regarding case-crushing (NVH
the minimum effective nitriding hardening depth for nitrided gears, and is based on {
maximum shear stressfrom contact load. If the value of NHD. is less than the value f
hardening depth NHD from Figure 18, then the minimum value from Figure 18 should 4

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

U ‘o -d
VHD = —S>H

1,14-10° -cosp, %1 %%,

wheére U is the core hardness coefficient:

wil 'Sll‘lOCWt Z2

hum value of

Do): NHD. is
he depth of
pr nitriding
e used.

ailable.

(5)

+c-o,°+d-o

_ K 3
Uc—a+b Oy H H

see Figure 19.

5) Definition of nitriding hardening depth according to Table 7, item 7.
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1,2 /‘(<;/>,v//<f<\;>y)yﬁgizﬁ\ﬁgN
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Key
U, core hardness coefficient
oH contqct stress, N/mm?2

1to 6 curvd numbers, see Table B.1 for values of coefficients a, b)*c:and d

NOTE Uke upper portion of core hardness band (which yields heavier case depths) for general d¢sign
purpose and|lower portion for high-quality material.

Figure 19 — Core hardness-¢oefficient for nitrided gearing, U

6 Requirements for material quality and heat treatment

6.1 Gendral aspects

The three mpaterial quality.grades ML, MQ and ME stand in relationship to Figures 1 to 16, which mpans

cess

— ME represents requirements that must be realized when a high degree of operating reliability is
required.

NOTE This document does not allow extrapolation of the allowable stress lines.

Frequently, special quality material such as Vacuum Induction Melted/Vacuum Arc Remelted
(VIM/VAR) is used to achieve high reliability or load-bearing capability.

Gear wheels which are manufactured by fabricating rims to centers using conventional welding
procedures should be stress relieved following the fabrication process.

6) The material quality grade MX, which existed in the first edition (1995) of this document, was replaced with the
ME line in 2003.
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The provisions given in 6.2 to 6.4 have been confirmed by practical experience and may be used as
guidelines. All requirements for a material grade shall be met when the allowable stress numbers are to
be applied.”) Where not specified in the tables, this can be accomplished by specifically certifying each
requirement where necessary, or by establishing practices and procedures to obtain the requirements
on a production basis. It is not the intent of this document that all requirements for quality grades
are to be certified, but that practices and procedures are to be established for their compliance on a
production basis. Intermediate values are not classified since the effect of deviations from the quality
standards cannot be evaluated easily. These requirements refer to those portions of the gear material
where the teeth will be located and at a distance below the finished tip diameter as defined in the
applicable Tables 2 to 7. However dependlng on their experience, manufacturers may adopt methods

gear
exp§

6.3
High

fors
Whs

6.4

Matse

e the composition of these is not specified and the melting method isvoften unknown,
positioned at the lower limit (ML). Normalized low carbon steelstare used only for lig
s and secondary applications. If high quality of steel productioixis achieved and when
rience, the levels of ME may be used.

Black malleable cast iron [see Figures 3 a) and.4Q)]

quality can be achieved through controlled heat treatment. However, since it is ordi
mall, lightly loaded gears, the MQ line was positioned at the lower limit (ML) to be on t
n justified by experience, the levels of ME may.be used.

Other materials [see Figures 3 b),3 ¢),4 b),4c), 5 to 16]

brial quality and heat treatment for other materials shall be in accordance with Tables 4

the details,
y agree on

the MQ line
htly loaded
justified by

narily used
he safe side.

to 8.

7) The material chosen is either that quoted in the relevant grade according to ISO 683-1, ISO 683-2, ISO 683-3,
ISO 683-4 or ISO 683-5 (recommended) or an appropriate National or International Standard.
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Table 2 — Cast iron materials (grey and nodular — spheroidal — graphite cast iron)

Item | Requirement | Grey castiron (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 Rm Only HBW 05 (00,2) ob 05y
g‘rlg{)er}}es Specific test report Specific test report per

peren on a separate test ISO 10474 of physical

piece from the testing on a repreSentp-

same cast tive sample whick’is ap
integral part-on’each fest
piece, heattreated with
the partsbefore being
cut. Verification of HBW
omrgear teeth or as negr as
practicable.

4 Strugture: Specified but Limited Not verified Limited
graphite form |not verified
Basi¢ structurea | No specification [ Maximum ferrite: |No specification

(alloyed grey  |5%
castiron,

maximum

ferrite: 5 %)

5 Test$ for inner |Not tested Tested (pores, Not tested Tested (pores, cracks,
sepafations cracks, blow-hole§); blow-holes), limited
(cradgks). limited defects defects
Acceptability
agrepd between
custpmer and
suppllier.

6 Stregs 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 hat 530 °C
to 560 °C
7 Repdir welding |Notpeérmitted near tooth region; Not permitted near tooth region; elsewhere
elsewhere, permissible only with permissible only with approved processes
approved processes

8 Surface crack Not tested Visual inspection |Not tested Cracks not permitted.
deteftion required, dye 100 % magnetic partigle,

penetrant test fluorescent magnetic

by agreement particle penetrant or dlye

between purchaser penetrant inspection.

and manufacturer. Statistical sampling
permitted for large
production lots.

a  Can be checked on a representative sample from the same cast.
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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 | MEa
1 Chemical Not verified |Specific test report per ISO 10474 with 100 % traceability to the
analysisa b original cast
2 Mechanical properties |[HBW Recommended: 0s (00,2) ob 65y
after heat treatment HBW an'd either Specific test report per ISO 10474 of physical
mechanical tests : ;
or hardenability testing on a representative sample from the
test same cast, heat treated with the parts, for
torgineserrotedbarstargerthany 250 mm
diameter and verification of suffafe hard-
ness (HBW) for all parts. Controlljng section
examples are presented inf Aithex A.
3 Steelmaking No The steel shall be deoxidized and refined.in the ladle. [Steel shall
specification |be vacuum degassed to achieve a hydroger’ content offmax.
2,5 ppm. The steel shall be protected ftfom reoxidatiof during the
teeming or casting. Adding calcium when melting the|steel
(maximum values see item 3.3)isypermissible for castjability and
shall be documented.
3.1 Cleanlinessc No Cleanliness in accordance with ISO 4967, procedure i accord-
specification|ance with Method A, inspected area approximately 200 mm?2
and the following acceptance table. Other specificatiopns, which
ensure the equivalent cleanliness, are permitted. Tesfreport in
accordance withSO 10474.
The maximuwti-content of sulfur for MQ, ME quality is|0,04 % S.
A B C D DS
Fine |Thick |Fine |Thick |[Fine |Thick |Fine |Thick
MQ|30)| 30 |25 15 |25| 1,5 |20 15
ME| 25| 15 (20| 10 | 05| 05 | 1,0 | 1,0 |20
3.2 Oxygen content No Max. 25 ppm Max. 25 ppm (= 25 pg/d)
specification (=25pg/g)
3.3 Calcium total content |N& Max. 25 ppm Max. 10 ppm
specification
4 Grain size in No Fine grain, with 90 % of the area having grain size 5 gnd finer,
accordance with specification |and no grain coarser than size 3. Test report in accordance with
1SO 643:2012, Fable C1f ISO 10474.
5 Non-destructive testing
5.1 Ultrasonije-test ¢ in No Required. Statistical samples permitted.
Zglrllgliltirgzchlned specification Checked after forging. Specific test report in accordarce with
ISO 10474 recommended. Suggested for large diametgr parts
to detect flaws before the expense of tooth cutting. Inspection
per ASTM A388 EN 10228-3 or EN 10308, using eithel the back
reflection or reference block 8-0400, 3,2 mm flat bottom hole per

ASTM E428 technique. A distance amplitude correction curve

is not intended. Other UT specifications which ensure
quality level are permitted.

Inspection to the following limits:

Indication levels as per EN 10228-3 quality class 4 and
EN 10308:2001 quality class 4. A cut off value of 3 mm FBH is

requested, with minimum 2,0 mm recording level sen
according to EN-standards mentioned here.

the same

sitivity
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Table 3 (continued)

Item

Requirement

ML | MQ ME2

5.2

Surface cracks
detection (in
finished condition,
before any shot

Cracks are not permitted.
Ground gears should be
inspected for surface cracks.
Inspection by ASTM E1444

Cracks are not permitted. Ground gears shall
be inspected for surface cracks. Inspection by
ASTM E1444, including fluorescent, magnetic
particle or by ASTM E1417 for dye penetrant

will be loca
manufactur

d The area
material. Th

1t
2)t
3)t

ed at a distance below the-finished tip diameter of at least two times the tooth depth. The gear
br shall specify the inspection zone to the steel supplier or forge house.

reduction is a totalreduction irrespective of the method. Applies to forgings from ingot cast
e reduction ratio.can be less than 5:1 but not less than 3:1 when

he rolled baryis subject to further hot working,
he central'portion of the billet is removed, and

he-5:1 minimum reduction ratio is physically unobtainable due to the final size of the gear.

peening treatment) including fluorescent, magnetic |inspection. Preferred method of inspection is
particle or by ASTM E1417 for |fluorescent, magnetic particle inspection.
dye penetrant inspection.
6 Extent of No Area reduction ratiod; At least 3:1 for ingot cast and at least 5:1
forg{nig reduction Specitication [for continuous cast.
The minimum reduction ratio shall be achieved by hot working
processes which ensure through-section working.
7 Micrjostructure No No specification. |Minimum temper temperature 480 °C. Ropt
specification . hardness shall meet drawingféquirements.
For material Mi . . .
icrostructure in gear rim-predominantly
strengths greater tempered martensite.¢
than 800 N/mm? p '
(240 HBW) the
gear should be
quenched and
tempered.
NOTE To use the values in Table 1, a hardness difference of 40 HV minirum is recommended between th¢
pinion and the wheel.
a The material quality grade MX, which existed in the first edition (1995) of this document, was replaced Qy
the ME line |n 2003.
b CAUTION: For cold service, below 0 °C:
— donsider low temperature charpy specification;
— donsider fracture appearance transition‘or nil ductility temperature specification;
— donsider using higher nickel alloy stéeels;
— donsider reduced carbon content te'less than 0,4 % carbon;
— donsider using heating eleménts to increase lubricant temperature.
¢ The gradg cleanliness and UT requifemients apply only to those portions of the gear material where the teeth

e The micr

>250 mm.

Structure or tne gedr section to 4 deptn or 1,Z times tne tootn neignt to consist primarily or

tempered martensite with limited upper transformation products (proeutectoid ferrite, upper bainite and
fine pearlite). No blocky ferrite, due to incomplete austenitization, is permitted. The maximum limit for upper
transformation products is 10 % for gear controlling sections <250 mm, and 20 % for gear controlling sections

f Grain size should be determined at the position most relevant to the anticipated failure mechanism of the
part. Tests can be determined on a sample from the same cast with similar reduction ratio and heat treatment.
Reference surface areais 3,0 mmZ2.
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Table 4 — Through hardened cast steels, not surface hardened (see Figures 7 and 8)

Item

Requirement

ML-MQ

ME

Chemical analysis

Not verified

Specific test report in accordance with

ISO 10474 with 100 % traceability
original cast.

to the

redy

part]. Referen€e surface area is 3,0 mm2. Tests can be determined on a sample from the same cast w
ction ratio and heat treatment.

2 Mechanical properties after |HBW os (00,2) oB 6s  HBW
heat treatment Specific test report in accordance with
ISO 10474 with 100 % traceability to the
original cast. Verification of HBW. Statistical
inspection reauired
3 Grain size in accordance with |No specification Fine grain, with 90% of the arealhaving grain
ISO 6432 size 5 and finer, and no grain coarger than size
3. Test report in accordancewith ISO 10474.
4 Non-destructive testing
4.1 | |Ultrasonic test (in rough No specification Check tooth and teoth'root areas dnly. Specific
machined condition) in test report in accapdance with ISO[10474.
accordance with ISO 9443 Recommended but not required. Shggested
for large diameter parts to detect {laws before
the expeinise of tooth cutting.
Acceptance criteria per ASTM A609 level 1
imZone 1 (Outside diameter to 25 thm below
roots) and level 2 in Zone 2 (remainder of rim)
using 3,2 mm flat bottom hole; or J;nproved
equivalent using the back reflectiop technique.
4.2 | |Surface cracks detection (in |Cracks not permitted. 100 % inspection by ASTM E1444 inclyiding
finished condition but before |fluorescent, maghetic particle or dye penetrant inspection. Statistical
any shot peening treatment) |sampling permitted for large production lots.
5 Repair welding Allowed with approved |Allowed only in rough condition iffperformed
procedure agreed upon |before heat treatment with approved
by customer procedure agreed upon by customer.
Not allowed after tooth cutting.
NOTE When the casting quality meets the quality criteria for wrought (forged or rolled) steels, wirought steel
alloyvable stress numbers may be-lised in gear rating calculations for cast steel gears operating with wrought
stee] pinions. Suitability of usingwrought steel allowable stress numbers for casting rating calculations shall
be spipported by test and operating experience.
For fastings, wrought stéel cleanliness and forging reduction ratio criteria are excluded. Inclusion ¢ontent and
shajje control are required to produce predominantly round manganese sulfide inclusions (Type I){No grain
boupdary (Type 1) manganese sulfide inclusions permitted.
a Grain size should be determined at the position most relevant to the anticipated failure mechanigm of the

ith similar
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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 Not verified |Specific testreportinaccordance |Specifictestreportin accordance
analysisa with ISO 10474 with 100 % with ISO 10474 of testing on a
traceability to the original cast. representative sample from the
same ingot or billet.
2 Hardenability |Notverified |Specific testreportinaccordance |Specific testreportin accordance
by end quench with ISO 10474 with 100 % with ISO 10474 of testing on a
test (see traceability to the original cast. representative sample from the
ISO 642) Calculated hardenability values are |same ingot or billet.
permitted. The method of deriving
the values shall be documented.
Values obtained by tests shall pre-
vail over calculated values.
3 Steelthaking No The steel shall be deoxidized and refined in the ladle. Stegl$hall be
specification |vacuum degassed to achieve a max. Hp-content of 2,5 ppin. The steel
shall be protected from reoxidation during the teeniing or casting.
Adding calcium when melting the steel (for maximum values, see
item 3.3) is permissible for castability and shall’he documented.
3.1 |[Clean]inessb No Cleanliness in accordance with ISO 4967, procedure in accordance with
specification |[Method A, inspected area approximately 200 mm2 and the following
acceptance table. Other specifications] which ensure the equivalent
cleanliness, are permitted. Test repart in accordance with ISO 10474.
The maximum content of sulfur.for MQ, ME quality is 0,04 % S.
A B C D DS
Fine | Thick | Fine %t Thick | Fine | Thick | Fine | Thick
MQ | 3,0 3,0 2,5 1,5 25| 1,5 2,0 1,5
ME | 2,5 1,5 2,0 1,0 05| 05 1,0 1,0 2,0
3.2 |Oxygén content |No Max. 25ppm (= 25 pg/g) Max. 25 ppm (= 25 pg/g)
specification
3.3 |Calciymtotal |No Max. 25 ppm Max. 10 ppm
contept specification
4 Area feduction |No Atleast 3:1 for ingot cast and at least 5:1 for continuous cast.
ratiod specification The minimum reduction ratio shall be achieved by hot working procefsses
ensuring through-section working.
5 Grain|size in No Fine grain, with 90 % of the area having grain size 5 and finer, and no
accorfl- speéification |grain coarser than size 3. Test report in accordance with ISO 10474 (see
ance yith also item 10.6)
ISO 643:2012,
Table|C.1 before
heat treatmentk
6 Non-destructive testing before heat treatment
6.1 |Ultrasonic No Required. Statistical samples permitted.
testinrough - |specification | cpection per ASTM A388, EN 10228-3 or EN 10308 using either the
condition back reflection or reference block 8-0400; 3,2 mm flat bottom hole per
ASTM E428 technique. A distance amplitude correction curve is not
intended. Other UT specifications which ensure the same quality level
are permitted.
Inspection to the following limits:
Indication levels as per EN 10228-3 quality class 4 and EN 10308:2001
quality class 4. A cut-off value of 3 mm FBH is required, with
minimum 2,0 mm recording level sensitivity according to EN-standards
mentioned here.
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Item

Requirement

ML

MQ

ME

Surface hardness

7.1

Surface
hardness on
arepresenta-
tive surface of
workpieced
(see Vickers-
Rockwell hard-

600 HV or
55 HRC
minimum.
Statistical
sample
testing.

660 HV to 800 HV or 58 HRC to
64 HRC. Statistical sample testing.

660 HV to 800 HV or 58 HRC to
64 HRC. 100 % testing if heat treat-
ment lot size < 5, else statistical
samples permitted. Test method as
appropriate for the size of the part.

Ness
conversion
table in

ISO 18265)

7.2

Surface hard-
ness in root
space, mid-face
width, for
modules >124d.

No
specification

Meets drawing specification.
Statistical sampling or on
representative test piece.

Meets drawing specificgtion.

100 % testing of every pinion and
gear wheel or on representative
test/piece.

Core hardness
at mid-face
width on a
normal to the
30° tangent at
distance 5 x
case depth but
not less than
1 x module or
measured on
arepresent-
ative test bar
in accordance
with 6.5.

21 HRC or
more.
Specified but
not verified.

25 HRC or more, measured on a
representative test bar per 6.5 b)
or calculated based on knowledge
of quench rate and hardenability
curve.

30 HRC or more, measurfed on
sample part or representative test
bar in accordance with 4.5.

Case depth

in finished
condition in
accordance
with ISO 2639.
Measured on
representative
test bar per6.5
or measured at
mid-faee ' width
and mid-height
of'thétooth.

Case depth is defined as the distance from the surface to a point at which the hardness

number is$$50 HV or 52 HRC.

Minimtnrand maximum limits shall be shown on the drawing. When speciflying case
depth, note that the “optimum” values for bending and surface load capacity
sante. Recommended values of case depth are shown in 5.6¢.

are not the

10

[ispection of the microstructure requirements can be made on a test bar according to 6.5 in

h depth

corresponding to the finished condition. This inspection is optional for MQ but required for ME. (Not
required for ML.)

10.1

Limits on
surface carbon
content.

No
specification

Low nominal alloy steels with total alloy content < 1,5 %: 0,65 % to 1,0 %.
High nominal alloy steels with total alloy content > 1,5 %: 0,60 % to 0,90 %.

Recommended.
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Table 5 (continued)

Item | Requirement ML MQ ME

10.2 |Surface struc- [No Recommended. Required.
ture: The de- specification Martensite, essentially fine Martensite, fine acicular, as shown
sired structure . .

acicular, as shown by a by a representative test bar.
has less than ; b
10 % bainite representative test bar.
determined by
metallographic
inspection

10.3 |Carbifte Semi- Discontinuous carbides permitted |Dispersed carbides permittedin

preci;ﬁitation continuous |in accordance with Figure 20 b). accordance with Figure 20 g).
carbide Discontinuous carbides differ from |Maximum size of any carbide is
network semicontinuous carbide network in [0,01 mm. Inspection of represenita-
permitted in |such a way that they do not deline- |tive test bar in accordance with p.5.
accordance |ate the grain structure. Maximum
with length of any carbide is 0,02 mm.
Figure 20 a). [(On representative test bar, if used.)
On repre-
sentative
test bar.

10.4 |Residpal No Up to 30 % on inspection of Up.to 30 %, finely dispersed.
austehite. specification |companion heat treatment batch Inspection of representative tes
Deterjmined by test piece. bar in accordance with 6.5.
.rnetalllo_graphhlc If outside specification, salvageinay be possible by controlled shot-
Inspegtion. peening in accordance with 67 or other appropriate procedures.

10.5 |Intergranular [No Case depthe IGO Case depthe IGO
oxidation (1GO), | specification mm m mm ml
applidable to a i
ungrqund sur- e<0,75 17 e<0,75 12
face. | 0,75 < e < 4450 25 0,75<e<1,50 20
Deterjmined by
metaiograph— 1,50 se<2,25 35 1,50<e<2,25 20
ic inspection 2,25<e<3,00 45 2,25<e<3,00 25
of ungtched 300 < e < 5,00 50 3,00 <e <5,00 30
coupdn, if used.

Limitk in mi- e>5,00 60 e=5,00 35
cromgters shall If outside specification, salvage may be possible by controlled shot-
be baged on peening in accordance with 6.7, or other appropriate procedures,
actual achieved with the agreement of the customer.

case depthe.

No IGP or

non-npartensi=

tic producten

grour]d suxface

visiblgl

10.6 |Grain size in No Fine grain, with 90% of the area Fine grain, with 90% of the area
final heat treat- |specification |having grain size 5 and finer, having grain size 5 and finer, and
ed condition and no grain coarser than size 3. no grain coarser than size 3. Test
in accordance Test reportin accordance with reportin accordance with ISO 10474
with ISO 643k ISO 10474 recommended. required.

11 Core structure |[No Martensite, acicular ferrite and Martensite, acicular ferrite and
at the same specification |bainite. No blocky ferrite bainite. No blocky ferrite. Applies to
location as (see item 8) representative test bar in
item 8 accordance with 6.5
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Table 5 (continued)
Item | Requirement ML MQ ME
12 |Surface cracks! |Cracksnot |Cracks not permissible. 50 % Cracks not permissible. 100 %
permissible. |inspection by ASTM E1444 or inspection by ASTM E1444 or
Statistical EN 10228-1 (magnetic particle EN 10228-1 (magnetic particle
sample inspection method). inspection method).
Lnspectlon Statistical inspection depending on
y magnet- . :
. > lot size permitted.
ic particle
inspection,
fluorescent
magnetic
particle pen-
etrant or dye
penetrant
method.
13 | |Grinding Grade B tem- | Grade B temper permitted on 10 % |No tempenpermitted on
temper control |per permit- |of functional area (FB1), statistical |functional area (FA), 100 %
using nital etch |ted on 100 % |inspection required. inspection by ISO 14104
in accordance |of functional . P .
, ) If outside specification, salvage may:be'possible by controlled shot-
with ISO 14104 area (P_‘B31)' peening as described in item 6.7, Réfinishing may be required in order
statistica to achieve specific surface finishand geometry.
inspection
recommend-
ed but not
required.
NOTE Seealso 6.6 and 6.7. Requirements for carbonitrided steels are presently not given in the dgcument.
a The material chosen is either that quoted in the relevant grade according to ISO 683-1, ISO 683-2]ISO 683-3,
ISO p83-4 or ISO 683-5 (recommended) or an appropriate National or International Standard.
b The grade cleanliness requirements apply only to those portions of the gear material where the teeth will be
located at a distance below the finished tip diameter of at least two times the tooth depth. On exterpal gears,
this[portion of the gear blank normally will‘be less than 25 % of the radius of the gear blank.
¢ The total reduction ratio may be achiéved as a result of a number of hot working operations. The feduction
rati¢ can be less than 5:1 but not lessithan 3:1 when
1) the rolled bar is subjeet to further hot working,
2) the central portion of the billet or strand is removed, and
3) the 5:1 minithum reduction ratio is physically unobtainable due to the final size of the gdar.
d Rpot hardness maybe somewhat less than flank hardness, depending on the size of the gear and the process.
Allowable values may be agreed between the manufacturer and the purchaser, but a minimum valule of 55 HRC
is regquired.
e For other'values of case depth, see, for example, Reference [10].
h Xiray analysis can be used as an alternative method. Limiting values should be agreed between the gear
ma i facturer and the puv*/‘]'\accw*

i No cracks, bursts, seams or laps are permitted in the tooth areas of finished gears, regardless of grade. Lim-
its: 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.

j Other methods are available for grinding temper control and can be used by agreement between purchaser

and manufacturer.

k  Grain size should be determined at the positions most relevant to the anticipated failure mechanism for the

part. Reference surface area is 3,0 mm?2.

I As IGO depth correlates strongly with the depth of non-martensitic transformation product and possible de-
carburization, the measurement of the depth of IGO in combination with the specified requirements for surface

hardness (item 7.2) and microstructure (item 10.2) is sufficient.
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a) Semi-continuous carbide network:
Permissible for Grade ML

S @ R4

o
b) Dis@sfnuous carbides:
Permissible for ML and MQ

D

Figure 20 — Photo micrographs of permissible carbide structures for case carburized gears

36

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

(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)

hardened gears
should be furnace

gears should be furnace
tempered.a

Item | Requirement ML MQ ME
1 Chemical analysis
2 Mechanical
properties — after
heat treatment
3 Cleanliness No Asin Table 3 (through hardened wrought steels: items 1 to 6)
— specification or as in Table 4 (through hardened cast steels: items 1 to 3)
4 Grain size
5 Ultrasonic test
6 Extent of forging
reduction
7 Surface hardness |All induction- All induction-hardened All induction-habdened gears shall

be furnace.tempered.

lar marterisite.

tempered.a 500 HVta615 HV or 50 HRC to 56
500 HV to 615 HV or HRC
485 HVto 615 HV |50 HRC to 56 HRC
or 48 HRC to
56 HRC
8 Hardening depthb. | The hardening depth is defined as the distanceto the surface from a point where
in accordance the hardness is equal to 80 % of the required surface hardness. Depth of{case to be
with ISO 3754 determined for each part by experience/Location of SHD measurement tp be
determined on the drawing
9 Surface structure |No Inspection of statistical Stricter inspection of sfatistical
specification samples,miainly fine acicu- |samples, fine acicular martensite,

<10 % non-martensitig
no free ferrite permitt

structure;
bd.

10 Non-destructive testing
10.1] |Surface cracks Inspection of first, [nspection of first batch 100 % inspection (magnetic parti-
— not permitted |batch (magnetic (magnetic particle, fluo- cle, fluorescent magnetic particle
(ASTM E1444) particle, flugres-  |rescent magnetic particle |penetrant or dye penetfirant meth-
cent magnetic penetrant or dye penetrant |od).
particlepenetrant |method).
or dye penetrant
method).
10.2 |Magnetic No specification Module Max.
particle inspection ndication
(teeth area only) mm
ASTM E1444¢ <25 16
>2,5t0 8 24
>8 3,0
11 Prior structure Quenched and tempered
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