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Foreword

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

The p d HYE 3 her—main
desc 1bed in the ISO/IEC Dlrectlves Part 1. In partlcular the dlfferent approval criteria neded for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2. www.iso.org/directives

Attention is drawn to the possibility that some of the elements of this documént may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all sueh-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received. www.iso.org/patents

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation on the meaning of [SO specific terms and expressions related to conformitylassessment,
as well as information about ISO’s adherence to the World-Trade Organization (WTO) prinfiples in the
Techhical Barriers to Trade (TBT), see the following URIk&www.iso.org/iso/foreword.html.

The committee responsible for this document istTechnical Committee ISO/TC 10 Technical product
documentation, Subcommittee SC 6, Mechanical eigineering documentation.

This|second edition of ISO 15787 cancels and replaces the first edition (ISO 15787:2001), which has
been|technically revised.

In addition to a number of editorial revisions, the following main changes have been made with respect
to the previous edition:

dddition of an indicatién)of both states of the part: 1) after the heat treatment (jbefore final
machining); and 2) afterthe final machining (Figure 16 and Figure 30);

— 3ddition of examples representing the hardness values and their limiting deviations (Thble 1);
— 3ddition of linetypes for the indication of local areas and their applications (Table 2);

— addition'efline type 07.2 (dotted wide line) for carburized, carbonitrided, nitrided or nitrpcarburized
orkpieces to indicate areas where heat treatment is not allowed;

icknesses and

llmltlng deviations by their Values and llmltmg dev1at10ns (Tables 1,3,4and 5)

— addition of marking of slip zones (5.5.2), key for the allocation test point and nominal value (5.6),
indication of local areas (5.7), oxide layer thickness (OLT) (5.11), heat-treatment order (HT0)(5.14),
heat-treatment document (HTD)(5.15);

— replacement of the title of “Drawings providing specific indication of heat treatment” by “Heat-
treatment sketch” (6.4);

— deletion of the former 6.4 surface fusion hardening in the 2001 edition;
— deletion of the Annex A tables present in the 2001 edition;

— addition of graphical symbols (Annex A).
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Introduction

Technical drawings of workpieces are the most important documents

— for construction, development and production,

— for the assembling, and

— for the use of the final products.

Generally, a drawing provides information about the workpiece, its shape and design, the material used,

the dimensi

Workpieces
corrosion.

To attain th

very importiant document as it also informs the heat-treater about the parameters'to-be aware of|
successful heat-treatment. For that, he should know the material used, the requifed heat-treatmen

required ha
method and

In this time

ISO 15787:2

Vi

DS, surrace behaviour, permitted abbreviations, Inspection data, and more.

made from steel and iron often have to withstand severe conditions to resist weaj

e required properties, the workpieces are heat-treated in most applicatiphs. A drawin

Fdness and hardness depth, the expected or permitted microstructure, the required te
the test points for testing the heat-treated workpiece.

001 was revised to help to improve the quality of heat-treated workpieces.

and

g isa
for a
[, the
sting

of global production, it is essential to dispose of an International Standard for techfnical
product documentation, especially for the presentation and indicatién of heat-treated parts. Thersg

fore,
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Technical product documentation — Heat-treated ferrous
parts — Presentation and indications

heir content
applies. For
hts) applies.

» mechanical

D, EFGH,

plerances for

ts — Part 1:

1 Scope

This document specifies the manner of presenting and indicating the final condition of heat-treated
ferrquspartsimtechmmical drawings:

2 Normative references

The following documents are referred to in the text in such a way that sonie or all of t
constitutes requirements of this document. For dated references, only the.edition cited
undgted references, the latest edition of the referenced document (including any amendme
ISO 128-24:2014, Technical drawings — General principles of presentation — Part 24: Lines o1
engineering drawings

ISO 4885, Ferrous products — Heat-treatments — Vocabulary

ISO §506-1, Metallic materials — Brinell hardness test — Rart 1: Test method

ISO §507-1, Metallic materials — Vickers hardness test< Part 1: Test method

ISO §508-1, Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B, C
K, N,[T)

ISO/T'S 8062-2, Geometrical product specifications (GPS) — Dimensional and geometrical t
moulded parts — Part 2: Rules

ISO 81714-1, Design of graphical symbols for use in the technical documentation of produc
Basid rules

3 Terms, definitions

For the purposes of this document, the terms and definitions given in [SO 4885 apply.

ISO gnd [EC maintain terminological databases for use in standardization at the following z

© ISO
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4 Abbreviated terms

For the purposes of this document, the following abbreviated terms apply.

CHD Case-hardening hardness depth
CD Carburizing depth

CLT Compound layer thickness

NHD Nitriding hardness depth

SHD Surface-hardening hardness depth
HTO Heat-treatment order

HTD Heat-treatment document

10D [nternal oxidation depth

OLT Oxide layer thickness

5 Indications in drawings

5.1 Genefal

Indications fin drawings concerning the heat-treatment condition can relate to the assembly or|final
condition ag well as to the condition directly after heat-treatment. This difference has to be obsgrved
implicitly, as heat-treated parts are often subsequently machined (e.g. by grinding). By thig, the
hardness ddpth is reduced, especially with case-hardened, surface-hardened and nitrided parts,|as is
the compound layer thickness of nitrided and nitrocarburized parts. The machining allowance [shall
therefore b¢ taken into account appropriately:during heat-treatment. If no separate drawing is made
for the condfition of the heat-treated part befotre the subsequent machining or finishing, it is necegsary
to give inforjmation about the machining‘allowance. For this, indications should be made for both states
of the part: [) after the heat-treatment(before final machining); and 2) after the final machining.

NOTE This can be done, for example, by indicating the heat-treated state and the finished state in accordlance
with ISO/TS $062-2, by an additiofial representation, or by adding the words “before grinding” or “after grinding”
(see Figures 16 and 30).

The words Indicating the-heat-treated condition, the hardness and the hardness depth data sh3ll be
placed near|the title block of the drawing.

For some applications, it might be necessary to keep special data on the heat-treatment process to make
sure that the réquired properties after the heat treatment are attained.

— In this case, a heat-treatment order (HTO) should be used. If an HTO exists, in the drawing, a
reference shall be given by the wording “see HTO number ...”. Examples are given in Figures 11, 12,
25,29 and 42.

— To document the heat-treatment process carried-out in the heat-treatment workshop, a heat-
treatment document (HTD) should be used.

2 © IS0 2016 - All rights reserved
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Material data

Regardless of the heat-treatment method, generally the drawing shall identify the material used for the

heat-

5.3

treated part (name of the material, reference to the bill of materials, etc.).

Heat-treatment condition

The heat-treated condition shall be specified in words, such as “quench-hardened”, “quench-hardened
and tempered”, “case-hardened”, “surface-hardened”, “nitrided”, etc.

If more than one heat-treatment is required, these treatments shall each be identified in words in the

sequ
shall

The
char

documents (e.g. HTO, HTD) where this is of importance for the heat-treated cgndition.

5.4

5.4.1
The 1

h— q

q

q

Addi
have

For

dowl
surfd
ISO 7
the I
or su
expe

5.4.2

The
The

as Vickers hardness in accordance with ISO 650%-1, or

as Brinell hardness in accordance with ISO:6506-1.

ENiCe oI thelr execution, for example, "quench-hardened and tempered . Indications
be chosen in accordance with [SO 4885. See Clause 7 for practical examples.

heat-treatment condition can be achieved in different ways. As a result, the f
hcteristics can differ. Particulars of the technical process shall be specified in suj

Hardness data

Surface hardness
urface hardness shall be indicated

1s Rockwell hardness in accordance with ISO 6508-15

fional hardness values shall be given in“instances where the parts in the heat-treatg
areas with different hardnesses (see'€lause 6).

rase-hardened, surface-hardened) nitrided or nitrocarburized parts, the hardnes
qwards from the surface to the’core. A test of the hardness in a cross section of a p{

639 to specify the hardness depth. The surface hardness value depends on the hard
ardness depth and the)test load. Therefore, if the surface hardness is indicated for ca
rface-hardened parts, the test load shall be adjusted according to the hardness de|
cted surface hardness.

Core hardness

fore hardness shall be indicated in the drawing where a specification is given that it is
fore‘hardness shall be given

by wording

erformance
plementary

bd condition

s decreases
hirt from the

ce until the core yields a iardness profile; this profile can be used, for instance, in accordance with

hess profile,
be-hardened
pth and the

to be tested.

— as Rockwell hardness in accordance with ISO 6508-1,

— as Vickers hardness in accordance with ISO 6507-1, or

— as Brinell hardness in accordance with ISO 6506-1.

5.4.3 Hardness value and limit deviations

All hardness values shall be toleranced. They can be written as shown in the examples in Table 1.

© ISO
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Table 1 — Examples of how to represent hardness values and their limiting deviations

Written mode

Lower and upper limit

(62 +2) HRC

(64 0/-4) HRC

(60 +4/0) HRC

(60 g") HRC

60 HRC up to 64 HRC

(61 +3/-1) HRC

(750 75T HVIO

(825 0/-150) HV10

(675 +150/0) HV10

(700 +125/-25) HV10

675 HV10 up to 825 HV10

(700 jés) HV10

Tolerances ghould be as large as functionality permits.

5.5 Markings

5.5.1 Marking of test points

If it is necesfsary to mark the test point in the drawing, the 'symbol for the test point shall be indi
according tq Figure 1. The graphical symbol for the test paint shall be drawn in accordance with Al

g

Figure 1 —'Symbol for the test point

The precisejposition of the symbol shall' be placed according to Figure 2.

Figure 2 — General dimensioning of a test point

rated
2.

If there is more than one test point, the symbol shall be directly combined with an identification number
for each test point according to Figure 3. The graphical symbol for the test point with its identification

number shall be drawn in accordance with A.3.

@D >=" s

Figure 3 — Identification number for each test point

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=acb7edaec67e42c9a8ebffd885710447

ISO 15787:2016(E)

If a section of the heat-treated part is cut off in order to test the heat-treated state, marking shall be
as shown in Figure 4. If there is a section of a piece that should be cut off after the heat-treatment, this
section should be marked by a long-dashed double-dotted narrow line of type 05.1 in accordance with
[SO 128-24 (see Figure 4).

=== ——

Figure 4 — Marking of a section where the heat-treated part is cut off

5.5.2

Aslip
has t

It should be decided where the slip zone can be placed without affecting the finctional prop

work
indid
with
5.6

If md
with

5.7
Inso

a) 9
b) 3

Marking of slip zones
p be stopped to avoid the reheating the area where the surface-hardening operation beg

piece. If it is necessary to mark the slip zone in the drawing, the symbol for the slip 7
ated according to Figure 24. The graphical symbol for the slip zone’shall be drawn in

Key for the allocation test point and nominal value

re than one test point is allocated, the number of tHetheasuring point should be writ
the nominal values of the hardness or of the hardiiéss depth. See the example in Figur

Indication of local areas

urface-hardened areas of surfaceshiardened parts;

ireas of a part where heat-treating may be allowed;

c)

d) indication of expectéd or wished spread of a hardened area.

Part
with

ot heat-treated areas'_of a quench-hardened, carburized, carbonitrided, 1
itrocarburized part;

5 which will have' the mentioned special conditions in 5.7 a), b) and c) shall be marked i
Table 2.

zone is a zone of a surface-hardened workpiece, where the surrounding surfacethardening operation

an.

erties of the
one shall be
accordance

A.4. The length of the slip zone and its position shall be dimensigned as shown in Figufe 25.

fen together

D
—_
N

e cases, itis necessary to indicate local@reas of a part which have the following special conditions:

hitrided or

accordance

© ISO 2016 - All rights reserved
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Table 2 — Line types for the indication of local areas and their applications

Line according to ISO 128-24

No. | Description and representation

Application

04.2 |Long-dashed dotted wide line

For surface-hardened or case-hardened workpieces:

to indicate the areas that should be surface-hardened or case-
hardened

Dashed wide line

For surface-hardened or case-hardened workpieces:

02.2 _— to indicate the areas that may be surface-hardened or case-
lldl dcucd
Dottgd wide line For carburized, carbonitrided, nitrided or nitrocarburized
07.2 workpieces:

to indicate the areas where the heat-treatment is not allowed

Long{dashed dotted narrow line
04.1

For surface-hardened workpieces:

to indicate the expected or wished spread, of the surface-hard
ened areas

5.8 Hardpess depth

The hardngss depth shall be given as surface-hardening hardné€ss”depth (SHD), case-hardg
hardness depth (CHD) or nitriding hardness depth (NHD) according.to the heat-treatment method

Hardness d¢pth values shall be toleranced and should be written as shown in the examples in Tal
The tolerang¢e should be as large as functionality permits.

Table 3 — Examples of how to represent hardness depths and their limiting deviations

Written mode

Lower and upper limit

ning

=
=
D

[O8]

1,0 +0,3

1,3 0/-0,6

0,7 +0,670

40,6
0,7+

0,9 +0,4/-0,2

0,7 mm up to 1,3 mm

5.9 Carburizing depth (CD)

The CD is dgterminedfrom the carbon content profile with the carbon content, expressed as percemtage
by mass as a limiting characteristic (see ISO 4885). The carbon content limit shall then be added as a

suffix (subs¢nipt) to the symbol.

EXAMPLE A carbon content limit of 0,35 of carbon percentage by mass is indicated by “CDg,35".

The carburizing depth shall be toleranced and should be written as shown in the examples in Table 4.
Tolerances should be as large as functionality permits.

© ISO 2016 - All rights reserved
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Table 4 — Examples of how to represent carburizing depths and their limiting deviations

In thie case of carburizing or case-hardening, it might be necessary to indicate the intern

in ac
This
micr

5.10

The
detel

NOTH
carri

The
The {

The ¥

5.11 Oxide layer thickness (OLT)

Written mode
2,0 £0,5
2,5 0/-1,0
1,5+1,0/0

Lower and upper limit

1,5 mm up to 2,5 mm

+1,0

15

1,8 +0,7/-0,3

cordance with its depth. For the depth of internal oxidation, the abbreviation I0Dsho|
depth shall be toleranced and should be written like the examples in Table 5, wjith th
bmetre.

Compound layer thickness (CLT)

CLT is the thickness of the outer area of the nitrided layer (séejalso ISO 4885).
'mined by light-microscopy. The abbreviation of compound layerthickness is CLT.

Destruction of, or damage to, a workpiece is inevitable,when testing. If necessary, tg
bd out on a reference sample heat-treated together with the workpieces for this purpose.

fompound layer thickness shall be toleranced and sheuld be written like the examplé
olerances should be as large as functionality permits.

Table 5 — Examples for representation the CLT and their limiting deviatior

Written mode
(15 £5) ph
(20 0/<10) um
(10 #10/0) um

(

(12 +8/-2) um

Lower and upper limit

10 um up to 20 um
+10

100 )um

vording “compound layer” can also be used for the boride layer of borided workpieces

The

Itis lllsually determined by light microscopy. The abbreviation of oxide layer thickness is Ol

al oxidation
uld be used.
e dimension

t is usually

sting can be

s in Table 5.

IS

DLT isthe thickness of the oxide layer after nitrocarburizing to optimize the corrosion resistance.

LT.

The oxide layer thickness shall be toleranced and can be written as shown in the examples in Table 5.
The tolerances should be as large as functionality permits.

© ISO
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5.12 Strength data

Strength val

a)
b)

ues are only indicated

if it is necessary and

strength.

if the shape and dimensions of the part are such that the heat-treated probe can be used to test the

If necessary, the place and its location from which the cut section is to be taken shall be indicated.
Indication of the core hardness is unnecessary in such instances.

The strengt
hardness d¢

5.13 Micrg

If necessaryj
on the mici
maximum 3
martensite }

NOTE Fd
inevitable. It
with the wor

5.14 Heat{

An HTO is a
required he
the heat-tre
that the ind

5.15 Heat{

An HTD is
the furnace

quenching dfil, etc. With the HTD/thé user can follow how the heat-treatment process was applied.

h values are to be toleranced and can be written in the same manner like hardness valu

pstructure

needles or other important criterions.

pths. The tolerances should be as large as functionality permits.

the information on the hardness and hardness depth may be supplemented by inform
ostructure of the heat-treated parts. For example, this information might includg
mount of retained austenite, the quantity, size or layout of carbides, the length o

r investigation of the microstructure, destruction of, or (at least) damage to, the workpi¢
can be sufficient, however, to carry out investigation on a reference sample heat-treated tog
kpieces for this purpose.

treatment order (HTO)

document which accompanies the drawing gf\a heat-treated part. It contains details d
ht-treatment process which could not be tested on the heat-treated part. The HTO pro
htment workshop with instructions abott the heat-treatment process in order to make
cated hardness, hardness depth, etcawill be reached.

treatment document (HTD)

h document about the héattreatment process which contains the specific data su
used, the adjusted furnace temperature, the carbon level, the carburizing mediuni

€S or

htion
b the
f the

bce is
ether

f the
rides
sure

th as
, the

© ISO 2016 - All rights reserved


https://standardsiso.com/api/?name=acb7edaec67e42c9a8ebffd885710447

ISO 15787:2016(E)

6 Graphical representation

6.1

General

6.1.1 The heat-treated condition shall be indicated by:

a) textual information (e.g. “surface-hardened”), as described in 5.3;

b) measurable dimensions and test points for the following material conditions:

1

) __hardness;

4

6.1.2

b)
c 9

2) hardness depth;

3) carburizing depth;

}) compound layer thickness;

) local heat-treatment.

The graphical representation of a heat-treatment condition can be supplemented by

a) Iiarking of test points;

eat-treatment sketch;

trength data;

d) information on structural condition.

6.1.3
6.2

6.2.1

The
show|

6.2.2
Ifaw

a)

q

Graphical representations of heat-treatment requirements shall be as shown in Figu
Heat-treatment of the entire part

Uniform condition

heat-treated condition shall be specified in words indicating the heat-treatment. E

Areas withdifferent conditions
rorkpieceistto have different values in different areas, this shall be represented as foll

he réspective areas shall each be given a specific identity to indicate the heat-treatg

dnd. the extent of its area;

res 7 to 44.

kamples are

WS:

bd condition

b) characteristic numbers shall be repeated below the information, in words according to 5.3, together
with the required values (see Figures 12, 20, 22, 26, 32 and 34);

c i

6.3

fappropriate, specified test points shall be marked according to 5.5.

Local heat-treatment

6.3.1 General

It should be considered in each instance whether it is practical to locally limit the heat-treatment, as
this can mean additional expenditure compared with the treatment of the entire part. Otherwise,
transitions with a lower hardness/strength would be created and breaks could be promoted.

© ISO
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The size of the transition between heat-treated and non-heat-treated areas depends on the method of
heat-treatment, and the material and shape of the part to be heat-treated. It is therefore appropriate
to specify the dimensions and tolerances for the size and position of the areas to be heat-treated in
agreement with the hardening workshop.

If a workpiece is to have different values in different areas, this shall be represented by characteristic
numbers that shall be repeated below the information in words and according to 5.3 together with the

required val

ues (see Figures 20, 22, 23, 26, 32 and 34).

6.3.2 Areas requiring heat-treatment

Those areas
type 04.2 1d
part. For pa
“generatrix’
the size and

The transitir

size for the

6.3.3 Are

Apart from

be heat-treafted, as this can facilitate the execution of local heat-treatment and reduce distortion.

Areas which
Table 2, out
generally nd

Key

a heat-treg
b  length of
¢ distance

Area a shall b

of a part that are to be heat-treated shall be marked in the graphical representation
ng-dashed dotted wide line, in accordance with Table 2, outside the body outlines-g
Fts with rotational symmetry, it shall be sufficient to indicate one relevant surfacelling
), if this is not misleading, for the purposes of simplification (e.g. Figure 15)} If'neceg
position of these areas shall be specified by dimensions and tolerances.

n between heat-treated and non-heat-treated areas lies, in principle, outside the nor
ength of the heat-treated area.

s that may be heat-treated

those areas that shall be heat-treated, information shouldalso be given on areas which

may be heat-treated shall be marked by a type 02:2°dashed wide line, in accordance
side the body outlines and, if necessary, shall be‘dimensioned. Indications of toleranc
trequired for these areas (see Figures 5 and 14).

C d

ted area
the area that mayybe heat-treated

«_n

between thelett'end of the axle and the beginning of zone “a

e dimensioned.

by a
f the
(the
sary,

ninal

may

with
e are

Figure 5 — Marking of areas that may be heat-treated

6.3.4 Areas that shall not be heat-treated

Areas where no heat-treatment is allowed shall be marked by a dotted wide line of type 07.2, in
accordance with Table 2 (see Figure 6).

10
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@*'_"

Figure 6 — Marking of areas that shall not be heat-treated

6.4

If the
confi

be o1
indid

A try
bloc}

7 1

7.1

The {
instr
proc

Unle
7.2

7.2.%

The

“que
the t
hard

ision with other methods of treatment would be possible, a heat-treatmentsketch shall
In thfis sketch (which may be a detail drawing), drafting details not require@-for heat-tre
mitted. It shall be designated “heat-treatment sketch” and contain all the necessary
ating the heat-treatment condition (see Figure 23).

S

Practical examples

PSS.

Heat-treatment sketch

representation of a part would become unclear by adding an instruction on heat-tre

e-to-scale representation is not necessary. The heat-treatment sketch shall be placed 1
of the drawing.

General
igures and the associated instructions in this clause are practical examples. The suitz

uction to be given shall be determined on the basis of the technical details of the he:

5s otherwise specified, all dimensipns are in millimetres.
Quench-hardening, quénch-hardening and tempering, austempering

Heat-treatment 0fthe entire part — Allover uniform requirements

quench-hardeneé-condition of the part illustrated by Figure 7 shall be designated by
hch-hardened, by indicating the hardness value with its permissible deviation, and
est point. The symbol for the test point without any indication of a precise positioj
ness testat an optional point of the indicated geometric element.

—

—

quench-hardened
(62 +2) HRC

Figure 7 — Marking of a part with quench-hardened condition

7:2016(E)

atment or if
be included.
htment shall

nstructions

ear the title

\bility of the
it-treatment

the wording
by marking
1 allows the

If tempering is carried out after hardening, “quench-hardened” is not sufficient to designate the
quench-hardened and tempered condition unambiguously. In such instances, the full wording “quench-

harde

© ISO

ned and tempered” shall be given in accordance with 5.3 (see Figure 8).

2016 - All rights reserved
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Dimensions in millimetres

35

o
N

@,
q}v

The part shg
hardened aj

For quench
achieve high
avoids a too
be tested af

If a section
by a tensile
same diame

quench-hardened and tempered
(61 £2) HRC

Figure 8 — Marking of a part in quench-hardened and tempered condition

wn in Figure 9 is to be quench-hardened and tempered. The desigifation shall read “qus

quench-hardenéd and tempered
(375 £25) HBW2,5/187,5
(quench-hardened: (62 +2) HRC)

Figure 9 — Marking of a part in quench-hardened and tempered condition

hardened and tempered ‘parts, where the tempering is done at a higher temperatu
toughness, it is necessary to control the hardness before tempering would be started,
low quenching rate-and a too slow tempering temperature. Therefore, the hardness s}
fer quench-hardening and before tempering (see Figure 9).

bf the heat-treated part is cut off in order to test the quench-hardened and tempered
test, marking shall be as shown in Figure 10. It is recommended to use a section wit
ter as theworkpiece to be tested.

bnch-

1d tempered”. No test point is indicated; therefore, the hardnesstan be tested at any pgint.

re to
This
jould

state
h the

r

LJ

quench-hardened and tempered
Rm =(1150 £50) N/mm?2

Rpo,2 2900 N/mm?2

Az29%

Figure 10 — Marking of a heat-treated part where a section is cut off for testing

The part shown in Figure 11 is austempered. The designation shall read “austempered”. If the heat-
treatment is to be carried out in accordance with a heat-treatment order (HTO), a reference shall be

made to the

12

HTO, see Figure 11.
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austempered, see HTO....
(60 £1) HRC

Figure 11 — Marking of an austempered part

7.2.

Heat-treatment ol the entire part — Areas with diiferent hardnesses

If a plart is to have different hardness values for individual areas and heat-treatment i$ to be carried out
in adcordance with a heat-treatment order (HTO), the areas of different hardnesses’shal] be marked
and, [f necessary, dimensioned. In addition, reference shall be made to the HTO (see Figure [12).

Dimensions in millimetres

quench-hardened and tempered, see HTO...
1: (60 +2) HRC
2: (43 £2) HRC

Figure 12 — Marking’of a part with different hardness values

© IS0 2016 - All rights reserved 13
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7.2.3 Local heat-treatment

The part shown in Figure 13 is to be locally heat-treated. The heat-treated area shall be marked by
a type 04.2 long-dashed dotted wide line, in accordance with Table 2, and with dimensional data
according to 6.3. The test point shall be marked in accordance with 5.5.

Dimensions in millimetres

When heat-t
area than rq
02.2 dashed
the heat-tre

_ . quench-hardened and entire part tempered
(61 +1) HRC

Figure 13 — Marking of a part which is locally heat-treated

reating a workpiece, for reasons of processing, it may be more convenient to harden al
bquired. If this is done, the additionally quench-hardened area-shall be marked by a

hted area (see Figure 14).

i
N
I
|
I
i

195 +15

— . . quench-hardened and entire part tempered
(61-£1) HRC

Figure 14 — Marking of a'part with an additionally quench-hardened area

hrger
type

wide line, in accordance with Table 2, and with dimensional data indicating the position of

Dimensions in millinjetres

14
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Surface-hardening

7.3.1 General

Surface-hardening is normally locally limited. Consequently, the requirements given in 6.3 shall be
applied.

7.3.2 Specification of surface hardness

When specifying the test method for the determination of the surface hardness of surface-hardened

part

a careful adaptation of the test load to SHD shall be ohserved

7.3.3

The
valug

Specification of surface-hardening hardness depth (SHD)

hbbreviation of the surface-hardening hardness depth is SHD. It shall be appended th
e for the limiting hardness, normally tested as Vickers hardness HV1. /The limiting

normal case is 80 % of the minimum surface hardness.

The
and (

7.3.4

7.3.4

hardness depth is given as a nominal dimension in millimetres and,the value shall b
an be written as shown in Table 3. The tolerance should be as ldrge as functionality p¢

Practical examples

.1 Generally applicable examples

In thle simplest instance, a type 04.2 long-dashed dotted wide line, in accordance with T

e numerical
hardness in

b toleranced
rmits.

able 2, shall

be used for marking the surface-hardened area (see Figure 15) and keyed with the wording “surface-
hardened”. The surface hardness and the surfage-hardening hardness depth are charactetistic for the

surfa

The {
the 1
the d

ce-hardened state.

ransition between the surface-hardened and non-surface-hardened area lies, in pring
ominal dimension for the length of the surface-hardened area. The transition width
epth of hardening, the surface-hardening method, and the material and shape of the

iple, outside
depends on
orkpiece.

Dimensions in millimetres

surface-hardened and entire part tempered
(700 £80) HV30
SHD 500=1,2 +0,4

Figure 15 — Marking of a part which is surface-hardened

In most cases, surface-hardened parts have to be finished by grinding. Thereby, the surface hardness
and the surface-hardening hardness depth will be reduced. If it is necessary to present both states in a
drawing, this shall be indicated

— by adding the words “before grinding” and “after grinding”[see the left caption “a)” of Figure 16], or

— byadding symbols in accordance with ISO/TS 8062-2 and adding the data that have to be tested [see
the right caption “b)” of Figure 16]. The written mode on the right is explained in ISO 10135.
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before grinding:
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Dimensions in millimetres

surface-hardened and surface-hardened and

after grindi)

Figure 1

Ifapartiss
than requir

tempered tempered
(700 +80) HV30 (700 £80) HV30 ®
SHD 500 =1,2 0,4 SHDS00=1,27%f0,4 @
ng: (680 £80) HV30 (680 £80) HV30 Q
SHD 475=1,1 0,4 SHD 475=1,1+04 @

a) b)
b — Marking of a surface-hardened part with two states: before,and after grindil

irface-hardened, for processing reasons, it may be more convenient to harden a largen
bd. If this is done, the additionally hardened area shall be marked by a type 02.2 dg

wide line, im accordance with Table 2, together with dimensional.data indicating the position g

surface-har

Figure 1

If for surfad
edge (of corj
appropriate

lened area (see Figure 17).

Dimensions in millimn

32 +2 10 +2

surface-hardened and entire part tempered
(575 +60) HV10
SHD 425 = 0,6 +0,2

7 — Marking of a'part which is surface-hardened with a larger area than requirg

e hardening-ef a part it is not necessary that the hardened surface layer extends t
siderable yalue in reducing the danger of spalling at the edges), this shall be specifie
dimensioning. See Figure 18.

ng

area
shed
f the

letres

d

b the
ed by

16
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The workpiece should not be tempered after surface hardening. Therefore, the word “tempering” is not
used. In order to reduce the danger of cracks at the edges, it is practicable to dimension the chamfers
as large as needed and to have an adequate distance of the surface-hardened area to the edges. The
distances have to be adjusted to the possibilities of the heat-treatment process. The surface-hardened

area

is marked by a type 04.2 long-dashed dotted wide line in accordance with Table 2.

Dimensions in millimetres

Figure 18 — Marking of a part which is surface-hardened and where the hardened su

Whe
by af
(as it
is su
dottd
lowe

25+05 25+05

— -— . surface-hardened
(700 £80) HV50
SHD 500=1,2 +0,4

should not extend to the edges

Fe the surface-hardened layer extends to the edge, the configuration of the zone shall
ype 04.1 long-dashed dotted narrow line, in accordance with Table 2, within the workp

rface hardened. So in the chamfer area is a lower SHD allowed in accordance to the
d narrow line. Where the hardened surfaceslayer extends to the edge, it is permissil
- SHD value directly adjacent to the edge (erid of the hardened zone); this shall also be

irface layer

be indicated
ece outlines

is for the right-hand cam of the part shown in Figuge 19). On the left cam, only the cylindrical area

long dashed
le to have a
ndicated by

f cracking.

the lpng-dashed dotted narrow line (see the left-hand cam in Figure 19).
NOTH In both instances, the edges areé provided with a chamfer in order to reduce the danger 9
. surface-hardened and tempered
(60 £2) HRC
SHD 600 =1,2 +0,4
Flgu e19 — Marl(ing ofa part which is surface-hardened and where the surface-har
should extend to the edge
© ISO 2016 - All rights reserved
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7.3.4.2 Heat-treatment pictures for gears

7.3.4.2.1 General

Where the configuration and the position of the hardened surface layer is of importance for the
performance characteristics (e.g. surface-hardening of the tooth flanks including the tooth bottom in
respect of gears), this shall be indicated by a type 04.1 long-dashed dotted narrow line, in accordance
with Table 2, within the workpiece outlines (see Figures 20, 21 and 22).

7.3.4.2.2 Full tooth hardening

A type 04.2|long-dashed dotted wide line, in accordance with Table 2, at the periphery of the gear and
a type 04.1 Jong-dashed dotted narrow line, in accordance with Table 2, shall be used to show thgt the
teeth are fully hardened (see Figure 20).

NOTE Dé¢pending on the nature of the process, different hardness values will occur ovef; the tooth hpight.
Test of the hardness depth makes no sense in this example.

_ . surface-hardened and entire part tempered
1: (59:#3) HRC
2:\(53 +£3) HRC
3<30 HRC

Figure 20 — Marking\of a gear where the teeth are fully surface-hardened

7.3.4.2.3 Tooth flank surface-hardening

A type 04.2|long-dashed dotted wide line, in accordance with Table 2, outside the body outlines [shall
be used to mark the-surface-hardened area. A type 04.1 long-dashed dotted narrow line, in accordance
with Table R, shall be used to set off its position and configuration (see Figure 21). Because of the
required configuration of the hardened layer, measuring points for the surface-hardening hardness
depth shall be defined.

18 © IS0 2016 - All rights reserved
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— .. surface-hardened and entire part tempered
(58 +3} HRC
AU =2 EEEEE

7.3.4

SHD 75=1,5+0,5
Figure 21 — Marking of a part with a surface-hardened toothflank

.2.4 Tooth bottom surface-hardening

A type 04.2 long-dashed dotted wide line, in accordance with Table 2, outside the body edges shall be

used
with
hard

]

7.3.4.3 Differing surface-hardening hardness depths

to mark the surface-hardened area, and a type 04.1 long-dashed’'dotted narrow line, in
Table 2, shall be used to mark its position and configuration. Because of the configur
ened surface layer, test points for the hardness depth shall be defined (see Figure 22).

surface-hardened and entire part tempered
1: SHD 425 = 2,2 +0,6
2: SHD 425 =1,5 %0,5

accordance
ation of the

Figure 22 — Marking of a part where the ground between the teeth is surface-hardened

In thie individual areas of the part, shown in Figure 23, differing values are required for the hardness

dept

hs. Insaddition, dimensioning of the hardened zones is necessary. These additional ind

make thierrepresentation of the part unclear. For this reason, a heat-treatment sketch has b

at th

e top of Figure 23 for details Y and Z. A type 04.1 long-dashed dotted narrow line, i

cations may
en included
accordance

with Table 2, shall be used to indicate the configuration of the hardened surface layer. The size and
position shall be specified by dimensioning.

© ISO 2016 - All rights reserved
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Dimensions in millimetres

Heat-treatment sketch

Y —Z
T e A
—— =
I Y
/
Y 32 +2
22 %2 7 +2 , 17 +2

Figure 23 — Marking of a part with different surface-hardening hardness depths

7.3.4.4 Sy

In the case
leave a sma
the piece. In

It is necessafry to define, where\a permitted slip zone may be located and how long it is. Additionall

shall be givg

The symbol
dimensione
with A.4.

| surface-hardened - surface-harden
1: (600 £50) HV 30 3: (600 £50) HV]
2: SHD 450 =0,9 +0,3 SHD 450 =1,5 #

rface-hardening treatmentwith slip zone

bf surface-hardening treatment by surrounding a workpiece, it might be more efficig
| area untreated, depending of the heat-treatment process and the required propert

nin an HTO te. which reference shall be made.

to be used for a slip zone is shown in Figure 24. The length of the slip zone sh3
1 as shown'in Figure 25. The graphical symbol for the slip zone shall be drawn in accord

bd
30
0,5

nt to
es of

this area, called ac“slip zone”, the hardness would be as low as before the heat treatment.

data

1l be
ance

20

Figure 24 — Symbol for a slip zone
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Dimensions in millimetres

surface-hardened, see HTO

(60 +2) HRC
SHD 400 = 1,8 +0,5

Figure 25 — Marking of a surface-hardened part with a slip'zone

7.3.4.5 Example with more than one test point

The surface-hardened part (see Figure 26) shall have the given values in areas marked by type 04.2
long{dashed dotted wide lines, in accordance with Table 2, and\by dimensioning (the prqcess can be
achigved by, for example, additional local tempering).

SN
___.é.__._._._.__._.___

5 +2 11 +1 13 £1 15 45

Dimensions in millimetres

_ .= __  surface-hardened and tempered
1: (520 £50) HV 30
SHD 375=1,5%0,5
2: (750 £50) HV 30
SHD 575 =1,5 0,5

Eigure 26 — Marking of a part with more than one measuring point

7.4 | €ase-hardening

7.4.1 Specification of surface hardness

When specifying the surface hardness of case-hardened parts, a careful adaptation of the test load
determining the CHD shall be observed to avoid the eggshell effect.

7.4.2 Specification of case-hardening hardness depth (CHD)

The abbreviation of the case-hardening hardness depth is CHD. The limiting hardness to define the CHD
is normally 550 HV1 in accordance with ISO 2639.

The case-hardening hardness depth is given as a nominal dimension in millimetres. The value shall be
toleranced and should be written as shown in the examples in Table 3. The tolerance should be as large
as functionally possible.
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7.4.3 Specification of carburizing depth (CD)

Specification of carburizing depth is required in instances where the workpiece has to be tested after
carburizing and before a quench-hardening treatment. The abbreviation CD, used for the carburizing
depth, shall be appended a suffix designating the limiting characteristic specified for the determination
of the carburizing depth (see Figures 36 and 37).

It is a general rule to use a carbon percentage by mass of 0,35 as a limiting characteristic. However, it is
also permissible to specify other, differing values.

The carburization depth is given as a nominal dimension in millimetres. The value shall be toleranced

and can be ¥

ritten asshownin Table 4 _The tolerance should bhe as ]:n'gn as anrfinna”y pnccih]n

744 Pra

7.4.4.1 Allover case-hardening

Allover case

In the simp
treatment c
the permiss

If a limiting
ISO 2639) ij
specifying t

ctical examples

-hardening shall be indicated by the wording “case-hardened” (see Figures 27 to 31).

est instance, marking shall be as shown in the example in Figure-27, indicating the
bndition, the surface hardness and the case-hardening hardness depth, and, in each
ble deviation (see Figure 27).

case-hardened and tempered
(62 +£2) HRC
CHD =1 #6,2

Figure 27 — Marking of an allover case-hardened part

hardness or test load, orboth, other than that or those specified in the regular instancg
to be applied when testing the case-hardening hardness depth, this shall be indicatg
he CHD (see Figure28).

case-hardened and tempered
(750 £50) HV 30

heat-
case,

(see
ed by

CHD OO HN2 — N o 101
J —_\, L

A\CI S S = aRvAvAv A & w4 ;0 )

Figure 28 — Marking of an allover case-hardened part with a hardness and a test load other

22

than those specified in the regular instance (see ISO 2639)
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If specific provisions need to be observed during heat-treatment (e.g. regarding the data of the
time/temperature curve), these provisions shall be taken from the heat-treatment order (HTO) or
the heat-treatment document (HTD). A reference shall be made to that document in the drawing (see

Figure 29).

In mpst cases, case-hardened parts have to be finished by grinding. Thereby, the surface h
the qurface-hardening hardness depth will be reduced. If it is necessary’to present bot}
drawing, this shall be indicated

case-hardened and tempered case-hardened and tempered
before grinding: (750 +50) HV30 (750 £50) HV30 ®

CHD =0,6 0,1 CHD =0,6 +0,1 ®
after|grinding: (750 £50) HV30 (750 £50) HV30 @

CHD = 0,5+0,1 CHD=0,5+0,1 Q

a) b)

7.4.4.2~ ‘Allover case-hardening with differing surface hardness or hardness depth

Figure 29 — Marking of an allover case-hardened part where specific proyisions 3

case-hardened and tempered, see HTO ...
(750 +£50) HV 30

CHD 600 HV3=0,6 0,1

observed in the heat-treatment process

Iy adding the words “before grinding” and “after grinding”[see the left caption “a)” of F|

y adding symbols in accordance with ISO/TS 8062-2 and adding the data that have tob
the right caption “b)” of Figure 30]. The written mode-on the right is explained in ISO 1

Figure 30 —Marking of an allover case-hardened part with two states: before ar
grinding

ire to be

ardness and
1 states in a

igure 30], or

e tested [see
D135.

d after

7.4.4.2.1 General

Allover case-hardened parts with areas in which the values for the surface hardness or the hardness
depth, or both, differ from the rest of the area shall be marked as shown in Figures 31 and 32.

© ISO 2016 - All rights reserved
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7.4.4.2.2 Differing surface hardness

The part shown in Figure 31 shall have the given hardness values in the area identified as the test
points 1 and 2. The entire part is tempered, but the area for which a hardness value < 550 HV10 is given
is tempered at a higher temperature to achieve the lower hardness value than in the area identified as

the test point 1.

Dimensions in millimetres

W T AT
B,.__

]
|
|
|
jan

f’l_
i

case-hardened and tempered

1: (750 £50) HV 10
CHD=0,4+0,1

2: <550 HV 10

Figure 31 — Marking of a part with different surface hardness

7.4.4.2.3 Differing case-hardening hardness depth

The gear S}JOWH in Figure 32 is allover case-hardened and tempered. In the area of test pointg, the
values specified for surface hardness and forthe case-hardening hardness depth shall be present.

case-hardened and tempered
1, 37(62 F2JHRC

CHD =1 0,2
2: (750 +50)HV 10

Figure 32 — Marking of a case-hardened and tempered part with different hardnesses and
hardness depths
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7.4.4.3 Local case-hardening

7.4.4.3.1 General
The marking of case-hardened and non-case-hardened areas shall be in accordance with 6.3.

The transition between case-hardened and non-case-hardened areas lies, in principle, outside the
nominal dimension for the length of the case-hardened area. The transition width depends on the
carburizing depth after carburizing, the method of case hardening, the material, the shape of the
workpiece and the way in which local case hardening is carried out.

7.4.4.3.2 Case-hardening with not carburized areas

The area on a case-hardened part that shall not be carburized should be marked by atypg 07.2 dotted
wide{line in accordance with Table 2. The wording “not carburized” behind the datted wid¢ line should
be added (see Figures 33 and 34). The entire part is quench-hardened after carhurizing.

Dimensions in millimetres
20 45

t——H—— —-—%—:———

case-hardened and tempered
(750 £70Q),HV 30
CHD =9,8 +0,3

.................. notgarburized

Figure 33 — Marking of a case-hardened part with a “not carburized” area

ol <

THHRE- R

Dimensions in millimetres

case-hardened and tempered
1: (32 +8) HRC
2: (60 £2) HRC
CHD =1,5+0,3

.................. ot carburized

Figure 34 — Marking of a case-hardened part with a “not carburized” area
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7.4.4.3.3 Local case-hardening, entire part carburized

The case-hardened area on an entire carburized part should be marked by a type 04.2 long-dashed
dotted wide line, in accordance with Table 2. The wording “entire part carburized” should be added to
make clear the advance of the heat-treatment (see Figure 35).

7.4.4.4 EX

74.4.4.1

Allover carl

In the simp

indicating t

26

Y

¢

4

L]

entire part carburized
. case-hardened and tempered

(62 +2) HRC

CHD =1 0,2

famples for carburized parts

Allover carburization

carburized
CDo35 = 1,4 0,2

Figure 35 — Marking of an entire carburized and local case-hardened part

urization shall be indicated by the wording “carburized” (see Figure 36).

Figure 36 — Marking of an allover carburized part

ﬂ‘est case, the carburized condition shall be marked with the wording “carburized” afd by
e carburizing depth with the permissible deviation (see Figure 36).
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