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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.

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

The main tag
adopted by
International

Attention is d

rights. ISO shall not be held responsible for identifying any or all such patent rights.

ISO 898-5 w|
metric extern

This third edifion cancels and replaces the second edition (ISO 898-5:1998), which has been technically re

ISO 898 con
carbon steel

— Part 1: B
— Part 2: N

— Part 5: §
fine pitch

— Part 6: N

— Part7: T

k of technical committees is to prepare International Standards. Draft International Stan
he technical committees are circulated to the member bodies for voting. Publication
Standard requires approval by at least 75 % of the member bodies casting a vote.

rawn to the possibility that some of the elements of this document may be thesubject of |

bs prepared by Technical Committee ISO/TC 2, Fastener, Subcommitiee_SC 11, Fastener
al thread.

Sists of the following parts, under the general title Mechariical properties of fasteners m4
and alloy steel:

olts, screws and studs with specified property classe$*— Coarse thread and fine pitch thre
uts with specified property classes — Coarse thfead and fine pitch thread

et screws and similar threaded fasteners with specified hardness classes — Coarse threa
thread

uts with specified proof load values - Fine pitch thread

brsional test and minimum torgues for bolts and screws with nominal diameters 1 mm to 10

dards
S an

atent

5 with

Vised.
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Mechanical properties of fasteners made of carbon steel and
alloy steel —

Part 5:
Set screws and similar threaded fasteners with specified
hardness classes — Coarse thread and fine pitch thread

1

This j
madeg

w

term psed when set screws and similar threaded fasteners are considered alhtogether) which ¢

requi

Fasteners in conformance with this part of ISO 898 are classified\to specified hardness cla
intengled for use under compressive stress only.

NOTH

to +150 °C. It is the responsibility of users to consult an experienced fastener metallurgist for temperatu

range

given ppplication.
This part of ISO 898 is applicable to set screws and similar threaded fasteners:

— rmade of carbon steel or alloy steel,

— H

0

It doe

—

— S

— Vi

cope

art of ISO 898 specifies mechanical and physical properties of set screws and-similar threa
of carbon steel or alloy steel when tested at an ambient temperature range©of 10 °C to 35 °C. R

ements of this part of ISO 898 are evaluated at that ambient tempefature range.

led fasteners
asteners (the
bnform to the

5ses and are

of =50 °C to +150 °C and up to a maximum temperature, of +300 °C when determining appropriat

aving a triangular ISO metric screw thread in conformance with 1ISO 68-1,

ith a coarse pitch thread of Mdy6 to M30, and a fine pitch thread of M8x1 to M30x2,
ith diameter/pitch combinations in conformance with ISO 261 and ISO 262, and
aving thread tolerances in conformance with ISO 965-1 and ISO 965-2.

s not specify réquirements for such properties as

bnsile strength,

hear strength,

es outside the
choices for a

Fasteners conforming to the requirements of this part ofdS©O 898 are used in applications rangiIg from -50 °C

eldability,

— corrosion resistance, or

— the ability to withstand temperatures above +150 °C or below —50 °C.

2 Normative references

The following referenced documents are indispensable for the application of this document. For dated
references, only the edition cited applies. For undated references, the latest edition of the referenced document
(including any amendments) applies.

ISO 225, Fasteners — Bolts, screws, studs and nuts — Symbols and descriptions of dimensions

ISO 965-1, ISO general-purpose metric screw threads — Tolerances — Part 1: Principles and basic data

© 1SO 2012 — All rights reserved
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ISO 965-3, ISO general purpose metric screw threads — Tolerances — Part 3: Deviations for constructional
screen threads

ISO 6157-1, Fasteners — Surface discontinuities — Part 1: Bolts, screws and studs for general requirements

ISO 6506-1, Metallic materials — Brinell hardness test — Part 1: Test method

ISO 6507-1, Metallic materials — Vickers hardness test — Part 1: Test method

ISO 6508-1, Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B, C, D, E, F,
G, H K, N, T)

|SO 16426, l’_GOtUIIUIO

3 Terms

For the purpq
31

base metal hardness

hardness clo|
decrease ocq

3.2
carburizatio
result of incre

3.3
decarburiza
loss of carbo

3.4

partial deca
decarburizati
significantly
under metallq

3.5

ferritic deca
decarburizati
lower hardng
network undq

3.6

complete degcarburization

decarburizatiq

3.7

L) Lit £
WudIny doourdrivc oy olcriT

And definitions

ses of this document, the following terms and definitions apply.

sest to the surface (when traversing from core to outside diameter) just before an increg
urs, denoting carburization or decarburization, respectively

n
asing surface carbon to a content above that of the basemetal

fion
h at the surface of a steel fastener

fburization
pn with sufficient loss of carbon {o cause a lighter shade of tempered martensite

e

q

se or

nd a

ower hardness than that of the‘adjacent base metal, without, however, showing ferrite grains

graphic examination

fburization

pn with sufficient loss-of carbon to cause a lighter shade of tempered martensite and a signifi
ss than that of-the’adjacent base metal, with the presence of ferrite grains or grain bou
r metallographic’examination

nwith'sufficient carbon loss to show only clearly defined ferrite grains under metallographic exami

cantly
ndary

hation

performance hardness
hardness determined on the surface as near as practicable to the centre position of the point end of the screw

4 Symbols and abbreviated terms

For the purposes of this document, the symbols and abbreviated terms given in ISO 225 and ISO 965-1 and
the following apply.

2 © 1S0 2012 — All rights reserved
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Symbol or Meaning Unit
abbreviated
term
D Diameter of indenter for Brinell hardness test mm
d Nominal thread diameter mm
E Height of non-decarburized zone in thread mm
e Width across corners mm
+ Apphed-forceto-determine-Brinelhardness N
G Depth of complete decarburization in thread mm
H Height of fundamental triangle mm
HA1 Height of external thread in maximum material condition mm
P Pitch of thread mm
s Width across flats mm
t Depth of the internal driving feature mm
min Abbreviated subscript added to symbol to denote.minimum value -
5 Designation system
The Hardness classes are designated as specified in Table 1.
The rjlumerical part of the designation reptesents 1/10 of the minimum Vickers hardness.
The Igtter H refers to the hardness.

Table 1 — Designations of hardness classes in relation to Vickers hardness
::;?;‘::t?o‘;'ass 14H 22H 33H 45H
Vickers hardness, H\V min 140 220 330 450

The designation system of this part of ISO 898 may be used for sizes outside the limits laid downlin this clause
(e.g. { >80¢mm), provided all applicable mechanical and physical requirements in accordance with Tables 2
and J are met.

6 Materials

Table 2 specifies limits for the chemical composition of steels for the different hardness classes of fasteners.
The chemical composition shall be assessed in accordance with the relevant International Standards.

NOTE

© 18O

National regulations imposing a restriction or prohibition on certain chemical elements can apply; they are
expected to be taken into account in the countries or regions concerned.

2012 — All rights reserved
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Table 2 — Steel specifications

Hardness class Material Heat treatment? Chemical composition limit
(cast analysis, %)P
C P S
max. min. max. | max.
14H Carbon steel® — 0,50 — 0,11 0,15
22H Carbon steeld Quenched and tempered 0,50 0,19 0,05 0,05
33H Carbon steeld Quenched and tempered 0,50 0,19 0,05 0,05
Carbon steelde Quenched and tempered 0,50 0,45 0,05 0,05
i itivesd
45H Carbon steel with additives Quenched and tempered | 0,50 | 0,28 | 0,05.|1.b.05
(e.g. Boron or Mn or Cr)
Alloy steeldf Quenched and tempered 0,50 | 0,30 | .0,05 D,05
a8  Case hardening is not allowed.
b In case of|dispute, the product analysis applies.
¢ Free-cutting steel may be used, with maximum lead content 0,35 %, maximum phosphorus content'0,11 % and maximum |sulfur
content 0,34 %.
d  Steel withfa maximum lead content of 0,35 % may be used.
€ Ford <M16 only.
f This alloy|steel shall contain at least one of the following elements in the minimufn’ gdantity given: chromium 0,30 %, pickel
0,30 %, molybglenum 0,20 %, vanadium 0,10 %. Where elements are specified in conibinations of two, three or four and have|lower
alloy contents fhan those given above in this footnote, the limit value to be applied for steel class determination is 70 % of the um of
the individual limit values shown above in this footnote for the two, three or four elements concerned.
7 Mechanical and physical properties
The fastenerns of the specified hardness classes™shall, at ambient temperature, meet all the applicable
mechanical gnd physical properties of Tables 3-to\5, regardless of the tests performed during manufacfuring
or final inspegtion.

© 1SO 2012 — All rights reserved
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Table 3 — Mechanical and physical properties

No. Mechanical and physical properties Hardness class
14H 22H 33H 45H
1 Performance hardness (see 9.1.2)
11 ) min. 140 220 330 450
Vickers hardness, HV 10
max. 290 300 440 560
1.2 ) min. 133 209 314 428
Brinell hardness HBW, F = 30 D2
max. 276 285 418 532
13 min 75 95 — —
HRB
max. 105 a — —
Rockwell hardness -
min. — F B3 45
HRC
max. — 30 14 53
2 Torque strength . . | see
Table 5
3 Height of non-decarburized thread zone, E, mm min. - 12Hy | 2/BHy | 3/4H1
4 Depth of complete decarburization, G, mm max. — 0,015 | 0015 b
5 Surface hardness HV 0,3 (see 9.1.3) max. — 320 450 580
6 Non-carburization, HV 0,3 max. ¢ ¢ ¢
7 Surface integrity in accordance with 1ISO 6157H1
a Hor hardness class 22H: if hardness is tested in Rockwell, it is necessary to test the minimum value in HRB angl the maximum
value|in HRC.
b No complete decarburization permitted in hardness class 45H.
¢ Surface hardness shall not be more than 30 Vickers points*above the measured base metal hardness of the|fastener when
determination of both the surface hardness and base metal hardness are carried out with HV 0,3 (see Figure 3).

8 Applicability of test methods

8.1

Faste
requi
This g
lot. It
testin

In cas

8.2

Manufacturer’s inspection

ners produced in accérdance with this part of ISO 898 shall be capable of conforming to
ements of Tables 3.10)5.

art of ISO 898.does not mandate which of the tests the manufacturer shall perform on each
is the respenisibility of the manufacturer to apply suitable methods of his choice, such
g or inspéction, to ensure that the manufactured lot meets all the applicable requirements.

be of diSpute, the test methods specified in Clause 9 shall apply.

all applicable

anufacturing
S in-process

Supplier’s inspection

The supplier tests the fasteners he/she provides using methods of their choice (periodic evaluation of
manufacturer, checking/verification of test results from manufacturer, tests on fasteners, etc.), provided the

mech

anical and physical properties specified in Tables 3, 4 and 5 are met.

In case of dispute, the test methods specified in Clause 9 shall apply.

8.3

Purchaser’s inspection

The purchaser may test the delivered fasteners using the test methods given in Clause 9.

In case of dispute, the test methods specified in Clause 9 shall apply, unless otherwise agreed at the time
of the order.

© 1SO 2012 — All rights reserved
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9 Test methods

9.1 Hardn

ess test

9.1.1 General

The purpose

of the hardness test is

a) todetermine the performance hardness on the surface (see Table 3, Nos. 1.1 to 1.3) using the test method
givenin 9.1.2;

b) to deterr
9.1.2 Perfo

9.1.21 Apqg

This test app

9.1.2.2 Tes

Hardness m4g

nine the surface hardness (see Table 3, No. 5) using the test method given in 9.1.3.
Fmance hardness

licability

ies to all sizes of fasteners having a hardness class of 14H to 45H.

 methods

y be determined using the Vickers, Brinell or Rockwell hardnéss tests.

a) Vickers hardness test

The VicK
b) Brinell h
The Brin
c) Rockwel
The Roc
9.1.2.3 Tes

Hardness teg

If the pointed
shall be teste

If not, a flat s
the original p

The hardnes

ers hardness test shall be carried out in accordance-with the provisions of ISO 6507-1.

brdness test

ell hardness test shall be carried out in aceordance with the provisions of ISO 6506-1.
hardness test

kwell hardness test shall be carried-out in accordance with the provisions of ISO 6508-1.

| procedure

ts shall be conducted'as near as practicable to the centre position of the point end of the s

end of the screw-is suitable to ensure reproducible readings, fasteners used for hardness
d as received:

roperties-of the surface base metal, in order to ensure reproducible readings.

5 test'shall be carried out by applying the load specified in Table 3.

Crew.

tests

urface on(the end of the fastener shall be prepared by minimal grinding or polishing, maintaining

In case of doubt, the Vickers hardness test shall be the method used for acceptance.

9.1.2.4 Requirements

The hardness shall be within the hardness range specified in Table 3.

If the maximum hardness specified in Table 3 is exceeded, a new test shall be conducted on a cross-section
located at a distance 0,5 d from the point end and between the axis and the half-radius position (see Figure 1).
The hardness shall be within the hardness range specified in Table 3.

© 1SO 2012 — All rights reserved
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1 axis of the fastener
2 half-radius area (radius of 0,25d)

8-5:2012(E)

Figure 1 — Half-radius area for hardness readings

9.1.3| Surface hardness

9.1.3/1 Applicability

This

method applies to fasteners with a hardness class of 22H to 45H.

9.1.32 Test procedure

A su
orde

The
hard

ifable flat surface on the end of the fastener shall be prepared by light (minimal) grinding g
r|to ensure reproducible readings and maintain the originalproperties of the surface layer of

qurface hardness shall be determined on the prepared surface. The test force shall be 2,94
ness test HV 0,3).

9.1.3{3 Requirements

The

9.2

9.21

The

Hardness value taken on the surface.shall not exceed the maximum value specified in Table
Decarburization test

General

purpose of the decarburization test is to detect if the surface of quenched and tempered

decaiburized and to determine the depth of the completely decarburized zone (see Figure 2).

NOTH A lossief.earbon content (decarburization), caused by the heat treatment process, beyond the
in Tabje 3, can reduce the strength of the thread and can cause failure.

The qurface’carbon condition shall be determined by the following two methods:

r polishing in
the material.

12 N (Vickers

fasteners is

imits specified

hicroscanic-method:
HGt peReto6;

hardness method.

The microscopic method is used to determine ferritic decarburization, the completely decarburized zone, G, if

it exi

sts, and the height of the base metal zone, E (see Figure 2).

The hardness method is used to determine whether the requirement for the minimum height of the base metal
zone, E, has been met and for detecting decarburization (see Figure 2).

© 1SO 2012 — All rights reserved
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4
Key

1 complete dlecarburization

2 partial degarburization or ferritic decarburization

3 pitch line

4  base metqdl

E height of the non-decarburized thread zone

G depth of cpmplete decarburization in the thread

Hq external th

read height in the maximum metal condition

Figure 2 — Zones of decarburization

9.2.2 Micrascopic method

NOTE TH

9.2.21 Apq

This method

9.2.2.2 Pre

The test speq
and after ren

The test spe
nominal dianf
or, alternativd
metallograph

is method allows for the determination of both. E)and G.
licability
applies to all fasteners having ahardness class of 22H to 45H.

baration of test specimen

imens shall be taken‘from the fasteners after all heat treatment operations have been perfd
oval of plating or.any other coating, if any.

cimens shall,.be taken as a longitudinal section through the thread axis, approximately
eter (0,5¢) from the end of the screw. The test specimen shall be embedded in a plastic 1
ly, in @ €lamp. After mounting, the surface shall be ground and polished in accordance with
C practice.

rmed

half a
nount
good

NOTE
microstructure

caused by decarburization.

9.2.2.3 Test procedure

EtChing In @ 3 % nital solution (concentrated nitric acid in ethanol) 1S usually suitable for showing changes in

Place the test specimen under a microscope. Unless otherwise agreed, a 100x magnification shall be used
for examination.

If the microscope is of a type that has a ground glass screen, the extent of decarburization can be measured
directly with the help of a scale. If an eyepiece is used for measurement, it should be of an appropriate type,
containing a cross-hair or scale.

© 1SO 2012 — All rights reserved
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4 Requirements
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The maximum depth of complete decarburization, G, if there is any, shall meet the requirements specified in
Table 3. The height of the non-decarburized thread zone, E, shall meet the requirements specified in Table 4.

Table 4 — Values for /1 and E

Dimensions in millimetres

Pitch of the thread, P 0,5 0,6 0,7 0,8 1 1,25 |15 175 |2 2,5 3 3,5
Hy 0,307 | 0,368 | 0,429 | 0,491 | 0,613 | 0,767 | 0,920 | 1,074 | 1,227 | 1,534 | 1,840 | 2,147
22H 0,154 | 0,184 | 0,215 | 0,245 | 0,307 | 0,384 | 0,460 | 0,537 | 0,614 | 0,767 | 0,920 | 1,074
32;";‘335 33H | Emin | 0,205 | 0,245 | 0,286 | 0,327 | 0,409 | 0,511 | 0,613 | 0,716 | 0,818 | 1,023 11,227 | 1,431
45H 0,230 | 0,276 | 0,322 | 0,368 | 0,460 | 0,575 | 0,690 | 0,806 | 0,920 | 151~ | 11,380 | 1,610
9.2.3| Hardness method (reference method for partial decarburization)
9.2.3/1 Applicability

This method applies to fasteners having the following specifications:

a)
b) 4
9.2.3

The t
is nof|

9.2.3

The \
(Vick

9.2.3

The
point
speci

NOTH

measlirement method.

itch P > 1,25 mm and hardness class 22H or 33H;

Il sizes of hardness class 45H.

2 Preparation of test specimen

bst specimen shall be prepared in accordance\with 9.2.2.2, but etching and removal of the su
necessary.

3 Test procedure

ickers hardness shall be measured at points 1 and 2 as shown in Figure 3. The test force sh
brs hardness test HV 0,3).

4 Requirements

ickers hardness value at point 2, HV(2), shall be greater than or equal to the Vickers hard
1, HV(1), minus'80 Vickers units. The height of the non-decarburized zone, E, shall meet the
fied in Table 4.

Cemplete decarburization up to the maximum specified in Table 3 cannot be detected by

rface coating

il be 2,942 N

hess value at
requirements

the hardness

© 1SO 2012 — All rights reserved
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Dimensions in millimetres

T
W
Key
E height of non-decarburized zone in the thread, in millimetres
Hiq height of external thread in the maximum material condition, in millimetres
1,2,3 measurement points (1 is the reference point)
4 pitch line

There is no defarburization if HV(2) > HV(1) —-30.
There is no cafburization if HV(3) < HV(1) + 30.
@ The valuel0,14 mm is given only as an aid to locating the point along the piteh line.

Figure 3 — Hardness measurements for decarburization test and carburization test

9.3 Carbufrization test

9.3.1 General

The purposeof this test is to determine that'the surface of a quenched and tempered fastener has not become
carburized during heat treatment. The Jdifference between base metal hardness and surface hardngss is
decisive for the evaluation of the carburization condition in the surface layer.

NOTE Cgrburization is detrifmental as increased surface hardness can cause embrittlement. Careful differentiation
needs to be nmhade between an. increase in hardness caused by carburization and that due to heat treatment gr cold
working of the[surface, such_as threads rolled after heat treatment.

Carburization shall hexdétected by one or the other of the following two methods:

a) hardness test.on a longitudinal section;

b) surface hardness test.

In case of dispute, the hardness test on a longitudinal section shall be the reference test method.
9.3.2 Hardness test on a longitudinal section

9.3.2.1 Applicability
This method applies to fasteners with the following specifications:
a) pitch P> 1,25 mm and hardness class 22H or 33H;

b) all sizes of hardness class 45H.

10 © 1S0 2012 — All rights reserved
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9.3.2.2 Preparation of test specimen

The test specimen shall be prepared in accordance with 9.2.2.2, but etching and removal of the surface coating
is not necessary.

9.3.2.3 Test procedure

Vickers hardness readings shall be performed at points 1 and 3 as indicated in Figure 3. The test force shall
be 2,942 N (Vickers hardness test HV 0,3).

If the test specimen has been used in a test according to 9.2.3.3, the hardness determination at point 3 shall be
made-on-the-pitch-line of the thread-adiacentto the thread-on-which-determinations-at point-1-and 2 are made
L J Ll .

9.3.2/4 Requirements

The Yickers hardness value at point 3, HV(3), shall be less than or equal to that at peint 1, HV(1), plus 30
Vickerrs units.

An ingrease of more than 30 Vickers units indicates carburization.
9.3.3| Surface hardness method

9.3.3/1 Applicability

This method applies to all fasteners with a hardness class of'22H to 45H.

9.3.3]2 Preparation of test specimen

a) A suitable flat surface on the end of the fastenershall be prepared by light (minimal) grinding ¢r polishing in
drder to ensure reproducible readings and maintain the original properties of the surface layer of the material.

b) Atransverse section shall be taken at adistance 0,5 d from the end and the surface shall be suitgbly prepared.

9.3.3/3 Test procedure
a) The surface hardness shalt be determined on the prepared surface in accordance with 9.3.3.2 a).
b) The base metal hardnpess shall be determined on the transverse section in accordance with|9.3.3.2 b).

The test force shall be2,942 N (Vickers hardness test HV 0,3) for both determinations.

9.3.3[4 Requirements

The hardnéss value taken on the surface shall be less than or equal to the base metal hardneps value plus
30 Vitckers-units.

An increase of more than 30 Vickers units indicates carburization.

9.4 Proof torque test for hexagonal socket set screws and hexalobular socket set screws of
hardness class 45H

9.4.1 Applicability
This test applies to hexagonal and hexalobuar socket set screws with the following specifications:
a) hardness class 45H,;

b) coarse thread of M3 to M30, or fine pitch thread of M8x1 to M30x2.
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9.4.2 Test procedure

The set screw shall be inserted in a test block as shown in Figure 4 until the top surface of the screw face is flush
with the test block and the point bears on a firm base, for example a backing screw inserted from the other side.

Key

torque wrg
set screw

test block:
backing sd

A WO N -

Use a test bi
screw shall b

nch

| 3
Linder test

minimum hardness 50 HRCy-tolerance class of the internal thread 5H (as specified in ISO 965-3)
rew: hardness 450 HV10-570 HV

Figure 4 — Example of torque test device

e tighténed to the proof torque specified in Table 5.

test bit shall have a tolerance class of h9 for the widths across flats ¢_and a minimum

with a-hardness of 55 HRC to 60 HRC and engage the full depth of the set screw sockef.

A hexagonal
across corne

rs of e > 1,13 smin.

The

width

A torque-measuring device with an accuracy of +5 % relative to the maximum measuring limit shall be used.

In case of dispute, the measuring range of the device used shall cover the upper half of all measured values.

9.4.3 Requirements

The screw shall withstand the proof torque specified in Table 5 without splitting or cracking.

Visible marks on the socket due to torque testing shall not be cause for rejection.

12
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